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Abstract

Background. Cognitive and language dysfunction is common among patients with glioma and has a significant
impact on survival and health-related quality of life (HRQOL). Little is known about the factors that make individual
patients more or less susceptible to the cognitive sequelae of the disease. A better understanding of the individual
and population characteristics related to cognitive function in glioma patients is required to appropriately stratify
patients, prognosticate, and develop more efficacious treatment regimens. There is evidence that allelic variation
among genes involved in neurotransmission and synaptic plasticity are related to neurocognitive performance in
states of health and neurologic disease.

Methods. We studied the association of single-nucleotide polymorphism variations in brain-derived neurotrophic
factor (BDNF, rs6265), dopamine receptor 2 (DRD2, rs1076560), and catechol-O-methyltransferase (COMT, rs4680)
with neurocognitive function and ability to return to work in glioma patients at diagnosis and at 3 months. We
developed a functional score based on the number of high-performance alleles that correlates with the capacity for
patients to return to work.

Results. Patients with higher-performing alleles have better scores on neurocognitive testing with the Repeatable
Battery for the Assessment of Neuropsychological Status and Stroop test, but not the Trail Making Test.
Conclusions. A better understanding of the genetic contributors to neurocognitive performance in glioma patients
and capacity for functional recovery is necessary to develop improved treatment strategies based on patient-
specific factors.

cognition glioma health-related quality of life language return to work

Approximately 688 000 adults are currently living with a brain
tumor in the United States, and 77 600 new gliomas are diag-
nosed every year."2 Gliomas are associated with the highest
estimated number of potential years of life lost relative to any
cancer.® While the survival of some may be short, many with
low- and intermediate-grade histology and favorable tumor

genetics will experience extended survival periods. Mainstay
treatment options both for low- and high-grade glioma include
surgery, radiation therapy, and chemotherapy. While much
effort is dedicated to developing novel treatments to extend
survival, relatively little is understood about how to mitigate
the cognitive sequelae attributable to gliomas and oncological
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therapies.* Glioma patients commonly experience lan-
guage and nonlanguage cognitive dysfunction,® which
significantly affects health-related quality of life (HRQOL).®
A better understanding of the mechanisms underlying
cognitive dysfunction is central to a comprehensive man-
agement approach for glioma patients. However, currently
there is no way to predict patients expected to have poor
functional outcomes and delayed recovery.

A component of cognitive susceptibility and treatment-
related neurotoxicity in glioma patients may be based on
genetic variations. Constitutive genetic traits may affect
the degree of cognitive dysfunction as well as functional
recovery that occurs following chemoradiation. There are
several single-nucleotide polymorphisms (SNPs) asso-
ciated with language and cognition that could be signifi-
cant in glioma patients. Prior reports have published that
polymorphisms of catechol-O-methyltransferase (COMT),
brain-derived neurotrophic factor (BDNF), and dystro-
brevin binding protein 1 (DNTPB) affect cognition in a di-
verse population of adult brain tumor patients.” However,
this study included a wide range of intra- and extraaxial
supratentorial brain tumors including meningiomas,
brain metastases, and gliomas. Intra- and extraaxial brain
tumors have significantly different patterns of growth and
parenchymal infiltration. Given the differing mechanisms
of tumor invasion in a heterogeneous group of brain tumor
patients, we sought to study genetic polymorphisms
known to influence cortical and subcortical plasticity in the
adult low- and high-grade glioma population.To investigate
the possibility that cognitive outcomes in glioma patients
are related to allele variations, we studied the following 3
polymorphisms associated with adult CNS plasticity and
cognitive recovery in neurological diseases: BDNF, dopa-
mine receptor D2 (DRD2), and COMT. Cognitive recovery
can be quantified by objective neurocognitive task perfor-
mance. However, assessment of return to work at full-time
capacity allows for measurement of the functional impact
of these cognitive changes, and thus offers additional in-
sight into “real-world” patient performance. We therefore
studied the ability to return to work in addition to neuro-
cognitive task performance as a primary endpoint meas-
urement for functional recovery.

BDNF is the most abundant trophic molecule in the adult
brain.® BDNF plays a central role in CNS plasticity and is
directly involved in synaptic regulation and axonal plastic-
ity through its effects on proliferation and differentiation
of oligodendrocyte progenitor cells and dopamine recep-
tor expression.®"" BDNF has been shown to contribute to
synaptogenesis, cortical reorganization, and motor recov-
ery following acute cerebral ischemia.'>'® An allelic vari-
ant of BDNF may influence intracellular transport. A SNP
at position 196 on exon 2 results in an amino acid switch
from valine (Val) to methionine (Met) at codon 66 (rs6265,
BDNF A/G).'®'7 This polymorphism results in reduced
BDNF secretion both locally and at the synaptic cleft, with
implications on memory and cognitive impairment follow-
ing systemic chemotherapy.'®

DRD2 influences dopamine signaling by inhibiting
adenylyl cyclase through G1-protein coupling.’ A SNP
in intron 6 of DRD2 (rs10076560, DRD2 G/T) affects exon
6 splicing, resulting in decreased dopamine production.'
Aberrant dopamine signaling such as the DRD2 G/T poly-
morphism is also associated with poorer working memory

and attention processing combined with reduced striatal
and prefrontal cortical activity with functional MRI.19-2"

Dopamine is metabolized by COMT, which is present in
mature and developing oligodendrocytes.?’ A common
polymorphism of COMT is theVal (G) variant at position 158
(rs4680, COMT G/A), which leads to lower thermostability
and thereby more dopamine degradation.?'22 Carriers of
the Val (G) allele perform more poorly on tests of executive
function where frontostriatal dopamine is depleted relative
to Met (A) carriers.?324

Previous work has shown that polymorphisms in the
COMT, DRD2, and BDNF genes are associated with motor
learning, cognition, and sensorimotor adaptation both in
aging and disease states.?? Based on the known molecu-
lar function of these 3 genes as well as emerging clini-
cal evidence describing an impact of allelic variation on
cognitive function, BDNF, COMT, and DRD2 allele status
may affect language and nonlanguage cognitive recov-
ery in adult glioma patients. We created a polygene score
based on the number of high-performance alleles (NHPA)
for patients with WHO grade II-IV glioma to further inves-
tigate this relationship. The NHPA score is obtained by
assigning a 1- (lowest performing) through 3- (highest
performing) point system for each of the BDNF, COMT,
and DRD2 genes based on a patient’s genotype. The NHPA
score is the total number of points for all 3 genes. NHPA
has been shown to be associated with language and cog-
nitive recovery in patients with breast cancer, Alzheimer
dementia, and glioma.'3-'521.25-27 The goal of this study is
to test the hypothesis that the NHPA score based on com-
mon polymorphisms of BDNF, COMT, and DRD2 corre-
lates with baseline and 3-month postdiagnosis cognitive
recovery in addition to ability to return to work in patients
with WHO II-IV glioma.

I
Methods

Patients

The study design is a retrospective review of a prospec-
tively collected database. Patients were assessed as part of
the Functional Wellness Initiative and BrainTumor Program
at the University of Michigan between 2015 and 2017, where
the standard of care included neuropsychological and lan-
guage assessments.?® A total of 128 adult patients with
WHO 11, lll, and IV newly diagnosed glioma were included
in the study population. Baseline assessments were made
at the time of first clinic visit after diagnosis of a brain mass
and before surgical resection. All patients were evaluated
again at an approximate 3-month interval after this ini-
tial assessment. Study eligibility included age >18 years,
newly diagnosed glioma, and no history of psychiatric or
other neurological disorders via chart review as well as
interview in the clinic setting. All participants were fluent
in English and had a baseline Boston Diagnostic Aphasia
Examination Severity Examination score >2 permitting
them to participate in language and neuropsychologi-
cal assessment. Patients receiving chemoradiation within
3 months of diagnosis were excluded from an analysis of
ability to return to work because of the significant poten-
tial confounding influence of treatment on return to work.
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All patients with newly diagnosed WHO grade IV glioma
and 16/50 patients with WHO grade Il or Il glioma received
chemoradiation within 3 months of diagnosis, exclud-
ing them from this portion of the study and leaving 34/50
patients in the return-to-work analysis. Neurocognitive
testing data were available for 38 patients. The University
of Michigan Institutional Review Board approved the study
protocol and written consent was obtained from all partici-
pants (HUMO00092238).

Extent of Resection

Volumetric analysis was performed to assess for difference
in extent of resection between experimental groups. Pre-
and postoperative T1-weighted postcontrast MRI studies
were segmented for volumetric analysis using Slicer 3D
software.?® Preoperative imaging was within 1 month of
surgery and postoperative imaging was within 48 hours
of surgery. Percentage resection was calculated for each
patient.

Plasma BDNF Measurement

All patients provided a blood sample for genotyping.
Blood samples were collected with EDTA as the anticoag-
ulant. Plasma was isolated from whole blood after it had
been centrifuged at 1000 x g for 10 minutes at 4°C imme-
diately. An additional centrifuge at 1000 x g for 10 minutes
at 4°C was performed to remove platelets and then plasma
was immediately stored at -80°C until it was thawed
for assay. Plasma BDNF levels were quantified using
ELISA. A Quantikine Human Cytokine Kit (R&D Systems,
Minneapolis, MN, USA) and an ELISA reader were used to
analyze plasma BDNF levels. All assays were performed
in duplicate and expressed as pictogram per milliliter. To
control for the inter- and intraassay variation that is in-
herent to immunoenzymatic techniques, we included a
control human plasma in duplicate in every ELISA plate
(Ramanakumar, J Clin Microbiol 2010).

Genotyping

Candidate SNPs (COMT Val158Met, DRD2 G>T, and BDNF
Val66Met) were selected based on reports in the literature
on association with cognitive functions in healthy and clin-
ical populations and evidence from imaging and in vitro
assays.” Genomic DNA was extracted from blood using a
DNase Blood & Tissue Kit in accordance with the manu-
facturer’s instructions (Qiagen, Germantown, MD, USA).
Individual gene polymorphisms were examined using poly-
merase chain reaction (PCR). For PCR, 1 uL of human blood
DNA was amplified using Plantinum Pfx DNA polymerase
(Invitrogen, Carlsbad, CA, USA) for 35 cycles at 94°C for 15
seconds, at 58°C for 25 seconds, and at 68°C for 20 sec-
onds. The following primers were used: BDNF (Val66Met,
rs6265), forward: 5-CAGGTGAGAAGAGTGATGACCA-3’,
reverse: 5'-ATGGACATGTTTGCAGCATC-3,, COMT (Val158
Met, rs4680), forward: 5-CACAGGCAAGATCGTGGAC-3,
reverse: 5'-GCCTGGTGATAGTGGGTTTT-3, and DRD2
(G/T, rs1076560), forward: 5'-GGGAGAGTCAGCTGGTGG-3',
reverse: 5'-GGCAGAACAGAAGTGGGGTA-3. The PCR

products were electrophoresed on a 1% agarose gel and
extracted with a QlAquick Gel Extraction Kit (Qiagen) and
then sent to the University of Michigan DNA sequenc-
ing core for DNA sequencing of gene polymorphism.
The homozygous low performing allele (LPA) for each of
the 3 gene loci identified included BDNF A/A, DRD2 T/T,
and COMT G/G and received zero points. Heterozygotes
include BDNF A/G, DRDT G/T, and COMT G/A and were
given 1 point for each locus. The high-performing (HPA)
homozygotes were given 2 points at each locus (BDNF
G/G, DRD2 G/G, and COMT A/A). Patients with an NHPA
score of 0-4 were assigned to the LPA group while those
with an NHPA score of 5-6 were assigned to the HPA group.
While not validated, this scoring system is being used as
an exploratory method, as a first step for construction of
a clinically useful polygene risk score in a glioma patient
population.3°

Neurocognitive Assessment

All patients completed a thorough neuropsychological
evaluation. We assessed cognitive functioning for all par-
ticipants using the Repeatable Battery for the Assessment
of Neuropsychological Status (RBANS). The RBANS com-
prises 12 subtests that are used to calculate 5 age-adjusted
index scores and a total score.’’ The test battery was
administered and scored by a neuropsychologist member
of the study team or by a trained research assistant (E.M.B.,
N.G., A.B.).
Test indices included:

1. Immediate memory: list learning, story memory
tasks

2. Visuospatial and constructional: Fig. copy and line
orientation tasks

3. Language: picture naming and semantic fluency
tasks

4. Attention: digit span and coding tasks

5. Delayed memory: list recall, story recall, Fig. recall,
and list recognition tasks

Raw test scores were collected at baseline and at 3 months
postdiagnosis. The Trail Making Test (TMT) and Stroop test
were used as well to more thoroughly assess executive
function.3233 Return to work at full capacity was collected
prospectively as a discrete yes/no value.

Statistics

Mean test scores were calculated for each RBANS test index
and subset indices for patients at baseline and at 3 months
postdiagnosis. The mean differences between the 2 time
points were also calculated. Patients were separated into
LPA and HPA groups based on their NHPA score. Patients
were also stratified by LPA and HPA groups for the indi-
vidual BDNF, COMT, and DRDZ2 genes. Two sample t-tests
were performed to compare mean scores at baseline, at
3 months postdiagnosis, and the changes in mean scores
between baseline and 3 months between NHPA groups (LPA
0-4 vs HPA 5-6). Across all RBANS indices and subtests,
higher scores represent favorable performance. On the TMT
test, the dependent variable measured was the ratio of the
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raw scores for TMT B to TMT A in seconds where higher
scores equal more difficulty with executive function of set-
shifting/multitasking. For the Stroop test, the raw interfer-
ence T-score was taken where lower scores equate to more
difficulty with response inhibition.3* A 1-sample propor-
tion test was used to compare the allele distribution in our
data to the study population. A Fisher exact test was used
to compare the rate of returning to work at full capacity by
3 months postdiagnosis between the study groups given
insufficient population sample size to support a chi-squared
test. Given the exploratory nature of this study, we did not
perform additional statistical tests to control for multiple
comparisons. However, we lowered the Pvalue threshold to
.01 for statistical significance to address multiple compari-
sons. Statistical analysis was performed using SAS 9.4.

I
Results

Population Demographics

Relevant population characteristics are given in Table
1. Briefly, the median age of the study population was
51.5 years with 52 (41%) women and 76 (59%) men.
Seventy-eight (61%) were diagnosed with a WHO IV gli-
oma, 31 (24%) were diagnosed with a WHO Ill glioma, and
19 (15%) were diagnosed with a WHO Il glioma. Thirty-nine
participants (30%) completed college. The majority of gli-
omas (n = 66, 52%) were located within the frontal lobe.
Seventy-six (569%) gliomas were located in the left hemi-
sphere. Extent of resection and additional demographic
variables such as age, gender, tumor grade, location, and
size were similar in low- and high-NHPA groups with no
significant difference based on NHPA score. Extent of
resection in the LPA group was 87 = 12.5% and 89 + 7.2% in
the HPA group. At the time of the 3-month interval assess-
ment, 94 (73.4%) patients had received chemoradiation.
This number increased to 93% by the time of last clinic
follow-up.

Genotyping Results
We genotyped the widely reported COMT rs4680
(Val158Met), DRD2 rs1076560, and BDNF rs6265

(Valé6Met) polymorphisms for all DNA samples. Table 2
shows that the distribution of alleles for each polymor-
phism within the low- and high-grade glioma cohorts did
not follow expected allelic frequencies according to the
Hardy-Weinberg equilibrium for the COMT and DRD2
genes. The observed allelic frequency for the BDNF gene
was not statistically different relative to the general pop-
ulation. For each of the 3 genes, LPA and HPA have been
described for which the protein function or production is
affected by SNP variation. A composite NHPA score was
generated for each patient based on the allelic status
for the specified locus on the BDNF, DRD2, and COMT
genes with points given according to allele status. The
homozygous LPA for each of the 3 gene loci identified
receives no points (BDNF A/A, DRD2T/T, and COMT G/G).
Heterozygotes are given 1 point for each locus (BDNF
A/G, DRDT G/T, and COMT G/A). The high-performing

Table1 Patient Demographics and Disease History
Variable (%) Glioma
(n=128)
Age at Study Entry, Years
Mean (SD) 53
Median (range) 51.5 (19-87)
Gender
Female 52 (41%)
Male 76 (59%)
Education (%)
Completed college 39 (30%)
Did not complete college 89 (70%)
Glioma Grade
WHO Il 19 (15%)
WHO I 31 (24%)
WHO IV 78 (61%)
TreatmentType
RT + chemotherapy 119 (93%)
Chemotherapy 120 (94%)
Handedness
Right-handed 118 (92%)
Left-handed 7 (6%)
Both 3(2%)
Smoking Status (%)
Smoker 8 (6%)
Nonsmoker 120 (94%)
Tumor location (%)
Frontal 66 (52%)
Parietal 26 (20%)
Temporal 27(21%)
Occipital 1(1%)
Insular 8 (6%)
Other (thalamus, 0 (%)
brainstem)
Tumor Side
Left 76 (59%)
Right 52 (41%)
Antiepileptic Medications
Yes 105 (82%)
No 23 (18%)

Abbreviation: RT, radiation therapy.

homozygotes are given 2 points at each locus (BDNF G/G,
DRD2 G/G, and COMT A/A).Therefore, the total number of
HPA (ie, NHPA score) ranges from 0 to 6 (Table 3). There
were no differences in population demographics between
the groups with respect to mean age at presentation
(LPA = 54.2, HPA = 53.6, P = .85), tumor side (LPA: 46%
right-sided, HPA: 37% right-sided, P = .31), and extent of
resection (LPA: 87%, HPA: 89%, P =.43).
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Table2 Frequency of Allelic Distribution for COMT, DRD2, and BDNF genes

Gene Allele % observed % expected P Value
(RSID)
coMT AA 34 (43/128) 30 0001
(rs4680) G/IA 55 (71/128) 40

G/G 11 (14/128) 30
DRD2 G/G 63 (80/128) 75 0215
TG GIT 34 (44/128) 23

T 3 (4/128) 2
BDNF G/G 68 (87/128) 62 3144
(rs6265) A/G 28 (36/128) 35

AA 4(51128) 3

Abbreviations: BDNF, brain-derived neurotrophic factor; COMT, catechol-0-methyltransferase; DRD2, dopamine receptor 2; RSID, reference

single-nucleotide polymorphism cluster ID;

The observed values represent the percentage of allelic distribution in our sample of adults with low- and high-grade glioma. The expected values
represent the Hardy—Weinberg equilibrium for the percentage of allelic distribution in a mixed gender/age population for the BDNF allele though not

for the COMT or DRD2 alleles.

Table3 Frequency of NHPA Score in Our Mixed Sample of Adults with WHO II, Ill, and IV Gliomas.

NHPA Frequency (%) WHO Il and Il Frequency (%) WHO IV Total 3-Month RTW
42% (10/24)

0 0 0 0

1 0 0 0

2 2(1/50) 3(2/78) 2(3/128)

3 16 (8/50) 15 (12/78) 16 (20/128) 18.2% (2/11)

4 24 (12/50) 29 (23/78) 27 (35/128)

5 48 (24/50) 40 (31/78) 43 (55/128) 61.5% (8/13)*

6 10(5/50) 13 (10/78) 12 (15/128)

Abbreviations: NHPA, number of high-performance alleles; RTW, return to work.
The frequency of NHPA scores in patients by WHO grade. Forty-two percent of patients returned to work. The frequency of return to work was higher
in patients with an NHPA score >5 and was significantly higher than in patients with an NHPA score <5. (P =.047).

Return-to-Work Results by NHPA Score

Analysis of ability to return to work at full capacity was lim-
ited only to individuals with WHO Il and Ill gliomas for whom
the decision was made to not administer chemoradiation
during the first 3 months after diagnosis. A greater per-
centage of HPA patients were able to return to work at full ca-
pacity 3 months after diagnosis compared with those in the
LPA group (LPA: 18.2%, HPA: 61.5%, P =.047) (n = 24) (Table
3).

Association of SNPs, NHPA Scores and
Plasma BDNF

Similarly, patients in the HPA group had higher circulating
plasma BDNF levels compared with the LPA group (HPA:
1114.21, LPA: 742.56 pg/mL, P = .047) (Table 4). However,
this latter finding was significant only in patients with
WHO |V gliomas; no statistically significant difference in

circulating plasma BDNF was seen in patients with grade
Il 'and Il gliomas regardless of NHPA score. This pattern
was also observed when examining plasma BDNF based
on WHO grade and genotype (Table 5). Plasma BDNF for
patients with WHO IV glioma is significantly lower in the
A/G cohort relative to those who are G/G homozygous
(344.52 vs 1354.59 pg/mL, P=.047) (Table 5).

Association of SNPs, NHPA Scores and
Neurocognitive Outcomes

We assessed neurocognitive function in patients at base-
line and 3 months postdiagnosis using RBANS, Stroop,
and TMT tests. The total number of patients with complete
genotyping and neuropsychological test data at baseline
and 3 months was 32 and 25, respectively. Patients in the
HPA group performed better on the RBANS list recall test
at baseline, though otherwise there were no differences in
baseline performance by NHPA group (Fig. 1). Interestingly,
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Table4 Plasma BDNF by WHO grade and NHPA Score

Glioma Grade

Plasma BDNF(pg/ml)

NHPA (5-6)

P Value

NHPA (<4)
WHO Il 885.28 (9/47)
and Il
WHO IV 742.56 (14/75)

785.39 (38/47)

.1508

1114.21 (61/75) .0473

Abbreviations: BDNF, brain-derived neurotrophic factor; NHPA, number of high-performance alleles.
Plasma BDNF levels are significantly higher in the high-performing NHPA 5-6 patients relative to the low-performing NHPA <4 group; however, this
difference is observed only in WHO IV glioma patients rather than in patients with WHO II-Ill lower-grade glioma.

Table5 Plasma BDNFby WHO Grade and BDNF Genotype

Glioma Grade

BDNF Val/Val
WHO II 693.36 (31/47)
and lll
WHO IV 1354.59 (52/75)

Plasma BDNF (pg/ml)

BDNF Val/Met P Value
1122.03 (16/47) .1366
344.52 (23/75) .0471

Abbreviations: BDNF, brain-derived neurotrophic factor; Met, methionine; Val, valine.
Plasma BDNF levels are significantly higher in the BDNF Val/Met patients relative to the BDNF Val/Val patients; however, this difference is
observed only in WHO IV glioma patients rather than in patients with WHO II-11l lower-grade glioma.

when comparing patients with DRDZ2 LPA to those with HPA,
patients with LPA performed better on RBANS immediate
memory, delayed memory, and attention tasks at baseline
(Fig. 1). Patients with COMT HPA performed better on pic-
ture-naming language testing (Fig. 1). There were no differ-
ences in RBANS performance by BDNF genotype at baseline.

Three months after diagnosis, patients with DRD2 and
BDNF HPA performed better than those with LPA on the Fig.
recall task (Fig. 2). Counterintuitively, patients in the LPA
group performed better than those in the HPA group on the
Stroop interference test at 3 months postdiagnosis (Fig. 2).

Next, we assessed the mean change in score across
RBANS indices, subtests, Stroop test, and TMT between
baseline and 3 months postdiagnosis to better understand
neurocognitive recovery within this time period. Task per-
formance was better in the HPA group in the delayed mem-
ory, list recognition, and figure recall domains (Fig. 3). HPA
patients also performed better on the Stroop word recog-
nition task. By individual gene allele status, patients with
DRD2 HPA overwhelmingly performed better on RBANS
and Stroop tests across a number of RBANS subtests (Fig.
3). Furthermore, patients with DRD2 HPA had improved
neurocognitive test scores across all RBANS and Stroop
test subsections on average 3 months after diagnosis (Fig.
3). No significant difference in performance on the TMT
test was observed at baseline or at 3 months regardless of
BDNF, DRD2, or COMT allele or NHPA group.

I
Discussion

Polymorphisms in the DRD2, COMT, and BDNF genes are
known to affect protein function on the molecular level

and also correlate with functional recovery in neurologic
illness. Therefore, a polygenic risk score may be clinically
relevant for patients with glioma. In our patient popu-
lation, polymorphisms in the DRD2, COMT, and BDNF
genes have a significant impact on neurocognitive per-
formance. Furthermore, an NHPA score for all 3 alleles
reveals that patients with a higher score return to work
on a more frequent basis 3 months postdiagnosis. This
may be due to neurocognitive recovery across multiple
domains including delayed memory, list recall, figure re-
call, and word recall (Table 3). However, there is no linear
relationship between NHPA and return to work in this se-
ries. It may be that a more granular assessment of return-
to-work status is required to detect differences between
patients based on NHPA scores rather than a more dichot-
omized assessment separating patients into HPA and LPA
cohorts as was performed here. Also, it may be that effect
on return-to-work status appears on a different time scale,
as we have chosen to analyze at 3 months. Additional
efforts will be made to explore these relationships.

While most basic, translational, and clinical research
focuses on disease etiology, treatment, and prognosis, less
attention has been given to functional outcomes. Outside
of performance on individual cognitive tasks, 1 important
measure of functional outcome is an individual’s ability to
return to work during or after medical treatment for a se-
rious illness. Return to work has been extensively studied
in patients with cardiac disease following acute coronary
events and after systemic cancer treatments. However,
less attention has been given to return-to-work assess-
ment in patients with neurologic illness such as traumatic
brain injury, stroke, and brain tumors. For patients with
glioma, functional metrics such as ability to return to work
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Fig. 1. Performance at Baseline by Allele and NHPA Score. Mean scores for RBANS indices, RBANS individual domains, Stroop, and TMT tests

(from left to right) at baseline by individual low- (LPA) and high- (HPA) performing BDNF (top left), DRD2 (top right), and COMT (bottom left) alleles
along with total number of high-performing alleles (NHPA) (LPA = NHPA 0 to 4, HPA = NHPA 5 to 6) (bottom right). RBANS data are presented as
mean raw score. Stroop data are presented as mean interference T score. TMT data are presented as mean ratio of the score on Part B to Part
A (Trails B/A). A indicates attention; CN, color naming; CO, coding; CW, color-word condition; DM, delayed memory; DS, digit span; FC, figure copy;
FR, figure recall; IM, immediate memory; LA, language; LL, list learning; LO, line orientation; LR, list recall; Lrecog, list recognition; INT, interference;
PN, picture naming; RBANS, Repeatable Battery for the Assessment of Neuropsychological Status; SF, semantic fluency; SM, story memory; SR,
storv recall: TMT, Trail Makina Test: VS. visuospatial: WR. word recoanition. *P < .05: “P<.01.

is influenced by the timing of oncological therapies. For
this reason, return-to-work analysis for this study includes
only individuals not receiving oncological therapies during
the study period as fatigue is a common finding among
glioma patients receiving chemoradiation and influences
return-to-work analysis. Furthermore, we included only
individuals who returned to work at full capacity. Here,
we demonstrate that genetics may play a significant role
in recovery after brain tumor surgery and may influence a
patient’s ability to return to work.

Neurocognitive recovery in adult glioma patients is
poorly understood. It is commonly believed that the ma-
jority of patients recover to some extent without interven-
tions such as cognitive rehabilitation. Questions remain,
however, regarding the timing of recovery and how to best
identify vulnerable patient populations. Here, we evaluated
neurocognitive performance by SNP variation at base-
line and 3 months postdiagnosis. While both LPA and HPA
cohorts experienced neurocognitive improvements across
a number of domains, change in performance was superior
for HPA vs LPA patients. This indicates that patients with
a higher NHPA score may have an increased capacity for
recovery. While better performance was seen in the visuo-
spatial and list recall domains by BDNF HPA and COMPT
HPA, respectively, these findings are likely driven by the ro-
bust differences seen across many test domains by DRD2
genotype. DRD2 genotype may, therefore, be particularly

indicative of a patient’s capacity for recovery. Interestingly,
those with DRD2 LPA perform better on neurocognitive
testing at baseline. These patients also have less capacity
for recovery as indicated by the performance regression
they display at 3 months while those with the HPA make
small but significant gains. These data may have implica-
tions when selecting glioma patients to participate in out-
patient cognitive rehabilitation.

The primary functional domain of change with respect to
COMT, BDNF, and DRD2 SNP heterozygotes was memory
(delayed memory, list recall, figure recall, and word recall
specifically). This is no surprise given that 59% of the study
population had tumors within the dominant hemisphere,
thereby in close proximity to mesial temporal structures.
The influence of the rs4680 SNP in the COMT gene has pre-
viously been reported both in healthy individuals as well
as those with psychiatric disorders. A Met/Val substitution
at codon 158 defines this SNP. Those with a Val substitution
perform more poorly on tests of executive function when
compared with those who are Met carriers. Such a substitu-
tion is associated with higher enzymatic activity and more
rapid dopamine degradation leading to dopamine depletion
in the prefrontal cortex as a leading hypothesis for the cog-
nitive effects observed in patients with this substitution.The
effect of this gene variant has also been demonstrated in
breast cancer patients, in whom Val carriers treated with che-
motherapy had worse cognitive dysfunction compared with
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Fig. 2. Performance at 3 Months by Allele and NHPA Score. Mean scores for RBANS indices, RBANS individual domains, Stroop, and TMT tests
(from left to right) at 3-months postdiagnosis by individual low- (LPA) and high- (HPA) performing BDNF (top left), DRDZ (top right), and COMT
(bottom left) alleles along with total number of high-performing alleles (NHPA) (LPA = NHPA 0 to 4, HPA = NHPA 5 to 6) (bottom right). RBANS data are
presented as mean raw score. Stroop data are presented as mean interference Tscore. TMT data are presented as mean ratio of the score on Part B
to Part A (Trail B/A). A indicates attention; CN, color naming; CO, coding; CW, color-word condition; DM, delayed memory; DS, digit span; FC, Fig. copy;
FR, Fig. recall; IM, immediate memory; LA, language; LL, list learning; LO, line orientation; LR, list recall; Lrecog, list recognition; INT, interference; PN,
picture naming; RBANS, Repeatable Battery for the Assessment of Neuropsychological Status; SF, semantic fluency; SM, story memory; SR, story
recall; TMT, Trail Making Test; VS, visuospatial; WR, word recognition. *P< .05; “P< .01.

healthy untreated carriers, implicating a cancer treatment-
related effect modification. Correa et al explored the rela-
tionship between this SNP and cognitive function in brain
tumor patients. This study used a heterogeneous group of
tumor patients regardless of infiltrative characteristics, his-
tology, disease status, or WHO grade. Using a battery of
8 cognitive assessments, performance on 1 test (Hopkins
Verbal Learning Test-Delay) was found to be reduced in
patients with the rare and unfavorable Val/Val homozygous
genotype.” However, they observed no difference in task
performance between COMT allele status and cognitive per-
formance at 3 months. We observed a statistically significant
difference in response to inhibition scores between LPA and
HPA groups where the LPA group performed more poorly
on the Stroop interference test. This is additional evidence
implicating an interaction between NHPA and cognitive and
executive functioning in glioma patients.

In the current patient population, those who have the
BDNF A/G genotype do indeed have significantly lower
circulating plasma BDNF levels. An important distinction
should be made with respect to BDNF production and secre-
tion at the postsynaptic cleft and circulating plasma BDNF
as assessed in this study. There are several publications fo-
cused on circulating plasma BDNF in neurodegenerative
disorders and psychiatric illness.>'3'7 Many believe that
BDNF synthesis is mediated within the CNS. Evidence sug-
gests that the brain is the major, but not sole, contributor

to circulating BDNF plasma levels in humans.3>36 |f it is
therefore assumed the brain is the primary source of cir-
culating BDNF, then it also stands to reason that changes
in systemic circulating BDNF neurophysiology due to the
presence of a glioma may indeed influence circulating
plasma levels. In this analysis, plasma BDNF among BDNF
LPA was decreased only in patients with WHO IV gliomas.
This finding is likely based on the integrity of the blood-
brain barrier in low-grade vs high-grade gliomas. High-
grade gliomas cause histopathologic and cytoarchitecture
changes that compromise the blood-brain barrier. This is
also apparent on MRI, which demonstrates 90% of WHO
IV gliomas exhibit contrast enhancement with gadolinium
due to breakdown of the blood-brain barrier.3” Changes in
peripheral BDNF due to altered BDNF neurophysiology in
glioma patients may mask changes in basal levels due to
somatic germline variations in the BDNF gene. The blood-
brain barrier is also relatively more intact in patients with
WHO Il and Ill glioma, perhaps an explanation for the lack
of statistical significance in peripheral plasma BDNF in
these patients.

The data also demonstrate that allelic frequencies
for the DRD2 and COMT genes were significantly dif-
ferent in the study population relative to the expected
distribution. There are fewer patients with the lowest-
performing COMT G/G allele in the glioma study pop-
ulation. With respect to the DRD2 gene, there are fewer
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Fig.3. Three-Month Change in Performance by Allele and NHPA Score. Mean difference in scores for RBANS, Stroop, and TMT tests from base-
line to 3 months postdiagnosis by individual low- (LPA) and high- (HPA) performing BDNF, COMT, and DRDZ2 alleles along with total number of high-
performing alleles (NHPA) (LPA = NHPA 0 to 4, HPA = NHPA 5 to 6). A indicates attention; CN, color naming; CO, coding; CW, color-word condition;
DM, delayed memory; DS, digit span; FC, figure copy; FR, figure recall; IM, immediate memory; LA, language; LL, list learning; LO, line orientation; LR,
list recall; Lrecog, list recognition; INT, interference; PN, picture naming; RBANS, Repeatable Battery for the Assessment of Neuropsychological
Status: SF. semantic fluencv: SM. storv memorv: SR. storv recall: TMT. Trail Makina Test: VS. visuosbatial: WR. word recoanition. *P < .05: “P< .01.

patients with the highest-performing G/G allele rela-
tive to expected frequencies. There are many potential
explanations for these findings, the most intriguing of
which is that the presence of a particular COMT or DRD2
polymorphism may have an association with glioma-
genesis. The biological mechanisms involved in tumor
initiation and progression as a factor of COMT or DRD2
function by allelic variation is outside the scope of the
current study. However, these associations should be
further investigated. At present, there are limited basic
science and clinical data that connect DRD2 or COMT
function to cancer. For instance, the Cancer Genome
Atlas dataset for 1133 glioma patients contains infor-
mation for only 1 patient with a COMT gene mutation
and 5 for DRD2. Additional research is required to better
understand why the COMT rs4680 and DRDZ2 rs1076560
polymorphism frequency distributions are different in
glioma patients.

There are several limitations to the present study. As
a study with a retrospective design, the influence of pre-
existing cognitive dysfunction in carriers of certain HPA
or LPA cannot be controlled. We excluded individuals
with known trauma or psychiatric history. The number
of patients also limits the power to detect small or mod-
erate effects and interactions among SNPs and cognitive
outcome metrics as well as tumor grade, type, location,
size, and multimodal treatment modalities. By isolating

3 potentially important alleles of 3 genes, we aimed to
increase the power to detect associations with any 1 or
more genetic signatures. With a narrow focus and a lim-
ited sample size, the ability to establish relationships
across a broader spectrum of genes and polymorphisms
that may be associated with functional outcomes in adult
glioma patients is limited. It is also possible that variants
may strongly influence task performance based on a bi-
ological mechanism that more heavily affects cognitive
function than the candidate SNPs chosen for this study.
With decreasing cost and increasing efficiency of whole-
exome sequencing methods, an appropriate next step
will be to continue this study through genomewide asso-
ciation methods to evaluate high-risk foci for functional
impairment. These areas represent opportunities for fu-
ture research.

Selection of the optimal neurocognitive task can be
challenging as each battery of tasks requires considera-
tion with respect to interpretation of results. Although
our data analysis was retrospective, we prospectively
decided to use the RBANS as an efficient measure that
has multiple forms and covers several domains of neuro-
cognitive functions often overlooked in oncology patient
populations. Whereas most brief oncology clinical trial
batteries consist only of measures of verbal memory, pho-
nemic fluency, and processing speed/executive function,
the RBANS also allows for measurement of visuospatial
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abilities (perception, reproduction/organization, and re-
call) in addition to verbal learning and memory, pro-
cessing speed, language, and attention. The RBANS also
represents the co-norming of several widely used test
formats, aiding clinical interpretation. The sensitivity of
the RBANS to detect mild cognitive impairment in elderly
patients has been found to be low compared with normal
controls on some RBANS subtests. We addressed short-
comings of the RBANS test to address executive func-
tioning by including both the Stroop and TMT. We further
elected to use the ratio of the TMT Part B to Part A as a
validated method for increasing the sensitivity for exec-
utive function further.3® We found few impaired cognitive
domains at 3 months postdiagnosis compared to base-
line, and it is possible that our measures were unable to
detect subtle though still potentially meaningful persist-
ing cognitive deficits. Notably, however, we were able to
demonstrate improvements in cognitive functioning be-
tween baseline and 3 months, consistent with the litera-
ture on trajectory of cognitive changes over the course of
treatment in glioma patients.

Despite the mentioned limitations, this study identifies
genetic factors that may be important in risk stratification,
clinical decision making, and as a target for the devel-
opment of future novel therapeutic strategies for brain
tumor patients to improve cognitive outcomes and QOL.
The NHPA model has not been proposed or studied previ-
ously. It is the first step toward validating such a polygene
score method for a glioma patient population. Its value in
this study is as a discovery tool, though our study is sig-
nificantly limited by the fact that this method has not yet
been validated. A large, prospective, longitudinal study is
needed to validate the NHPA score model presented here
and to further explore the role of relevant genes and poly-
morphisms that may contribute to improved outcomes for
brain tumor patients. All these efforts will lead to a greater
understanding of which patients recover and which con-
tinue to have functional impairments throughout oncologi-
cal therapies.

I
Conclusions

Recent molecular classification has allowed for the iden-
tification of individuals with “favorable” genetics result-
ing in extended disease-free survival periods.3® However,
throughout this survival period, more than 70% of patients
experience language, motor, or cognitive disabilities,
which impairs personal and professional relationships,
with major implications on QOL. Little is known about the
mechanisms by which gliomas affect cognition and cogni-
tive recovery. We demonstrate a relationship between al-
lelic variations in 3 genes associated with cognition and
performance function at baseline and at 3 months post-
treatment in patients with WHO grade II-IV glioma. We dem-
onstrate that patients with a higher NHPA polygene index
score return to work on a significantly more frequent basis
3 months after diagnosis compared with those with lower
scores. Studies such as this provide an enhanced under-
standing of factors that might affect patient outcomes and

will permit strategies appropriately focused on enhancing
survival while maximizing QOL.
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