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Background. Various tumor characteristics have been associated with neurocognitive functioning (NCF), though the role of tumor
grade has not been adequately examined.

Methods. Seventy-two patients with histologically confirmed grade IV glioma (n = 37), grade III glioma (n = 20), and grade II glioma
(n=15) in the left temporal lobe completed preoperative neuropsychological assessment. Rates of impairment and mean test per-
formances were compared by tumor grade with follow-up analysis of the influence of other tumor- and patient-related characteristics
on NCF.

Results. NCF impairment was more frequent in patients with grade IV tumor compared with patients with lower-grade tumors in ver-
bal learning, executive functioning, as well as language abilities. Mean performances significantly differed by tumor grade on measures
of verbal learning, processing speed, executive functioning, and language, with the grade IV group exhibiting worse performances than
patients with lower-grade tumors. Group differences in mean performances remained significant when controlling for T1-weighted
and fluid attenuated inversion recovery MRI-based lesion volume. Performances did not differ by seizure status or antiepileptic and
steroid use.

Conclusions. Compared with patients with grade IT or I1I left temporal lobe glioma, patients with grade IV tumors exhibit greater diffi-
culty with verbal learning, processing speed, executive functioning, and language. Differences in NCF associated with glioma grade
were independent of lesion volume, seizure status, and antiepileptic or steroid use, lending support to the concept of “lesion momen-
tum” as a primary contributor to deficits in NCF of newly diagnosed patients prior to surgery.
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Glioma comprises the vast majority of all malignant primary brain
tumors.? These tumors often disrupt cerebral function through di-
rect mechanisms such as destruction of brain tissue, as well as
more indirect means, including compression, displacement, and
ischemia.? As a result, most patients exhibit some impairment
of neurocognitive function (NCF), even early in the disease
course.>* However, when compared with patients with acute le-
sions related to stroke or trauma, individuals with brain tumors
often show better preservation of NCF.> One explanation for this
has been greater compensatory neuroplasticity in brain tumor
patients as a response to the more insidiously developing neu-
ropathology characteristic of cerebral tumors.® It follows that
fast-growing high-grade glioma may cause more profound NCF
dysfunction than slower-growing lower-grade tumors, as greater

cerebral reorganization may occur when neuronal damage hap-
pens at a slower rate. The difference in speed of tumor growth
associated with varying histopathologies has been referred to
as “tumor momentum.”’

In one of the very few studies directly investigating relation-
ships between tumor grade and NCF, Hom and Reitan® studied
92 patients with an even distribution of tumors across the 4
grades. Their study found greater NCF deficits in patients with
grade III or IV tumors compared with those with more slowly
growing grade I or IT tumors. While informative, the investigation
failed to account for important patient- and disease-specific
factors that may also impact NCF in this population.’ These
factors include demographic variables such as age, as well as
tumor characteristics, including lesion size (ie, tumor volume).

Received 20 May 2014, accepted 12 August 2014

© The Author(s) 2014. Published by Oxford University Press on behalf of the Society for Neuro-Oncology. All rights reserved.

For permissions, please e-mail: journals.permissions@oup.com.

580



Noll et al.: Cognition and temporal lobe glioma

Specifically, the median age of the patients in the grade IIT or IV
group was significantly older than patients with grade I or II tu-
mors, and neither demographic adjustments nor statistical con-
trols were performed to account for the age difference when
analyzing tests of NCF. As such, aging effects may have contrib-
uted to the observed differences in NCF between groups. Addi-
tionally, without any information about lesion volume it is
unknown whether patients with higher-grade tumors had larger
lesion volume than patients with lower-grade tumors or vice
versa.

Kayl and Meyers® attempted to address some of the short-
comings of the Hom and Reitan study. They investigated NCF in
24 patients with glioblastoma (grade 1V) and 24 patients with an-
aplastic astrocytoma (grade III) shortly after surgical resection.
Patients were matched on demographic characteristics, including
age, education, and gender, as well as tumor location. While NCF
performances were significantly better in grade III patients,
group differences did not remain significant after controlling for
preoperative tumor volume. However, the Kayl and Meyers sam-
ple completed NCF testing after surgery, while the imaging vari-
ables were obtained preoperatively.

In a more recent study, Miotto and colleagues? evaluated NCF
in 27 glioma patients prior to surgical intervention. Their results
showed that high-grade glioma patients exhibited greater impair-
ment than low-grade patients, particularly within the executive
functioning and memory domains. However, the study was limit-
ed by many of the problems noted with prior studies.®? Specifi-
cally, important clinical characteristics were not included in
analyses (eg, lesion volume, seizure status), tumors were distrib-
uted throughout different brain regions across the 2 groups, and
the sample size was very small in the high-grade group (n=38).
Additionally, the authors did not describe the composition of
the groups. As such, the proportion of grade IV to grade III tu-
mors in the high-grade group and the proportion of grade II to
grade I tumors in the low-grade group are unclear.

In light of the limitations noted with the existing research, the
nature of relationships between tumor grade and NCF remains
largely unsettled, and focused investigations with fewer potential
confounds are needed. The present study investigated NCF in
newly diagnosed, treatment-naive patients with glioma restricted
to the left temporal lobe (LTL) while accounting for relevant pa-
tient and tumor characteristics where possible.

Materials and Methods

Participants

Adult patients with glioma involving the LTL who had presurgical
neuropsychological assessment were identified in The University
of Texas M.D. Anderson Cancer Center (MDACC) neuropsychology
and neurosurgery databases. Patients with a history of open sur-
gical resection, radiotherapy, or any type of chemotherapy prior
to completion of NCF testing were excluded. Those with history
of other neurological disease were also excluded, with the excep-
tion of seizure disorder secondary to tumor. A single neurosur-
geon (M.Z.) reviewed MRI scans of the identified patients. Cases
were considered for inclusion if they had unifocal LTL tumors, as
indicated on T1-weighted, gadolinium-enhanced T1-weighted, or
fluid attenuated inversion recovery (FLAIR) sequences. Patients
were excluded if tumors extended beyond the bounds of the

LTL on T1-weighted imaging sequences. Seventy-two patients
were identified who underwent detailed presurgical neuropsycho-
logical evaluation between 2001 and 2010. Specialist neuropa-
thologists at MDACC made the histopathological diagnoses. The
resulting sample comprised 37 patients with grade IV tumors,
20 patients with grade IIT tumors, and 15 patients with grade
IT tumors. The MDACC institutional review board approved the ret-
rospective chart review for this study.

Temporal Lobe Segmentation

Three distinct temporal lobe areas were defined to describe
tumor location, including the lateral anterior, lateral posterior,
and medial regions (see Fig. 1). The anterior region comprised
the temporal pole in addition to the area lateral to the temporal
horn of the ventricle extending ~30-35 mm posteriorly from the
pole. The posterior region consisted of the lateral region extend-
ing posteriorly from that point, not to exceed 99 mm from the
temporal pole. The medial region was designated as the area me-
dial to the temporal horn of the lateral ventricle, including the hip-
pocampal formation and parahippocampal gyrus. Tumors were
described as localized in a region based on their extension on
T1-weighted or gadolinium-enhanced T1-weighted MRI. The
tumor boundary was defined as the entire occupied space on
T1-weighted images or the enhancing area on gadolinium-
enhanced T1-weighted images. For cases in which the temporal
horn was compressed, estimated locations were obtained using
the horn of the tumor-free right temporal lobe as a reference
point. A fourth group, multiregion, included tumors with exten-
sion into 2 or more regions. More precise segmentation was at-
tempted but was not useful due to sample size restrictions.

Fig. 1. Left temporal lobe segmentation. A, lateral anterior; P, lateral
posterior; M, medial.
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Lesion Size

Volumetric analysis was performed on MRI scans with MedVision
1.41 software, as previously described.’® T1-weighted volume
was defined as the greater of the hypointense region on
T1-weighted MRI, or the hyperintense area on gadolinium-
enhanced T1-weighted MRI. FLAIR volume was defined as the
area of hyperintensity identified on the FLAIR MRI sequence.

Neurocognitive Assessment

NCF testing was conducted by a neuropsychologist or a trained neu-
ropsychology staff member (ie, a psychometrist or neuropsychology
fellow) supervised by a neuropsychologist, as part of a comprehen-
sive presurgical evaluation for clinical purposes. Table 1 lists the neu-
ropsychological tests by domain that were routinely included in the
clinical test battery. The number of patients administered a given
NCF measure differed by instrument, as the patient evaluations uti-
lized a flexible battery and were performed for clinical purposes.
Sample sizes are described by measure in the table and figure ac-
companying the results. Approximately half of the total sample did
not have data for the Hopkins Verbal Learning Test-Revised (HVLT-R)
Delayed Recall (DR) and HVLT-R Recognition (Recog) variables, as
clinic practices initially utilized an earlier version of the HVLT that
did not include the delayed memory trials. Nonetheless, HVLT-R
Total Recall (TR) trials are identical between versions, and HVLT-R
normative data were used for all HVLT variables.

NCF test scores were standardized using published normative
data,** ~*8 all of which were stratified by patient age, in addition

Table 1. Neurocognitive tests grouped by principal domain

to gender, handedness, and level of education when appropriate,
and converted into z-scores (mean =0, SD = 1). Per convention,
performance on an individual NCF test that fell at or below a
z-score of —1.5 was considered impaired. Grip Strength Difference
and Grooved Pegboard Difference scores were calculated as the
z-score of the right hand minus the z-score of the left hand.
Motor performances were considered impaired if the right hand
was at least 1.5 standard deviations less than the left. Addition-
ally, a derived composite was calculated, referred to as the Clin-
ical Trial Battery Composite (CTB Comp). The CTB Comp variable is
the mean of the z-scores for the Controlled Oral Word Association
(COWA), Trail-Making Test (TMT)A, TMTB, HVLT-R TR, HVLT-R DR,
and HVLT-R Recog.'®?° CTB Comp z-scores that fell at or below
—0.70 were considered impaired, based on the results of prior re-
ceiver operating characteristic analyses determining optimal clas-
sification of clinician-determined impairment ratings (unpublished
data). Information concerning seizure status was obtained at the
same clinic visit as NCF testing or from review of available medical
records.

Statistical Analysis

Descriptive statistics for demographic and clinical variables were
calculated as means and standard deviations or frequencies and
percentages where appropriate. One-way analysis of variance
(ANOVA) and Fisher’s exact tests were used to compare differenc-
es in demographic and clinical characteristics among tumor
grade groups. Rates of impairment were compared among
grades II, III, and IV groups with Fisher’s exact tests. Mean NCF

Measure Abbreviations Norms

Attention
WAIS-R/III Digit Span Digit Span Wechsler, 1981; Wechsler, 1997

Learning and Memory
HVLT-R Total Recall HVLT-R TR Benedict, Schretlen, Groninger, & Brandt, 1998
HVLT-R Delayed Recall HVLT-R DR Benedict, Schretlen, Groninger, & Brandt, 1998

HVLT-R Recognition Discrimination
Processing Speed

HVLT-R Recog

WAIS-R/III Digit Symbol Digit Symbol

Trail Making Test Part A TMTA
Executive Function

Trail Making Test Part B TMTB

WAIS-R/III Similarities Similarities

MAE Controlled Oral Word Association COWA
Language

MAE Token Test Token

MAE Visual Naming Test or Boston Naming Test Naming
Visuospatial Function

WAIS-R/III Block Design Block Design
Motor Function

Grip Strength Difference Grip

Grooved Pegboard Difference Peg
Clinical Trial Battery Composite CTB Comp

Benedict, Schretlen, Groninger, & Brandt, 1998

Wechsler, 1981; Wechsler, 1997
Tombaugh, 2004

Tombaugh, 2004
Wechsler, 1981; Wechsler, 1997
Ruff, Light, Parker, & Levin, 1996

Benton, Hamsher, & Sivan, 2000
Benton, Hamsher, & Sivan, 2000; Heaton, Miller, Taylor, & Grant, 2004

Wechsler, 1981; Wechsler, 1997
Heaton, Miller, Taylor, & Grant, 2004

Trites, 1977
Mean of z-scores from the HVLT-R, COWA, and TMT

Abbreviations: WAIS-R, Wechsler Adult Intelligence Scale-Revised; WAIS-III, Wechsler Adult Intelligence Scale-Third Edition; MAE, Multilingual Aphasia

Examination.
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test z-scores were compared across groups with 1-way ANOVA.
Associations between lesion volume (T1-weighted and FLAIR)
and NCF tests were determined with Spearman’s rank-order cor-
relations (p) for each of the 3 groups. Follow-up analyses of NCF
test performances by tumor grade were performed with 1-way
analysis of covariance (ANCOVA), simultaneously controlling for
T1 and FLAIR lesion volume. Given the potential impact of sei-
zures and antiepileptic or steroid use on NCF, test performances
were analyzed by tumor grade and each of these clinical charac-
teristics with 2-way ANOVA. For all significant ANOVAs, Tukey’s
honestly significant difference or Games-Howell tests were
used for post hoc pairwise comparisons depending on the results
of Levene’s tests for homogeneity of variance. All statistical anal-
yses were performed with SPSS 21.0 (IBM).?! Two-sided tests
were used with a significance level of P <.05.

Results

Demographic and Clinical Characteristics

Sample sociodemographic and clinical characteristics are pre-
sented by tumor grade in Table 2. Sex, ethnicity, education, and
handedness did not significantly differ among groups. Age signifi-
cantly differed, F(2, 69) = 15.90, P <.001, with post hoc analyses
revealing that patients with grade II glioma were significantly
younger than patients with grade III (P=.004) and grade IV
(P<.000) glioma. Lesion location and volume on T1-weighted
and FLAIR MRI did not significantly differ among groups, though
a trend was observed in which patients with grade IV glioma ex-
hibited larger lesions than the lower-grade groups. Seizure history
also significantly differed among groups (P=.002, Fisher’s exact
test), with patients with grade IV glioma exhibiting the lowest rate
of seizure disorder. Rates of antiepileptic and steroid use were
similar across groups.

Neurocognitive Performances

Impairment was common in the overall sample, with 74% of pa-
tients exhibiting impaired performances on one or more mea-
sures. Impairment on at least one measure was identified in
60% of patients with grade II, 70% with grade III, and 81%
with grade 1V glioma, though the difference among groups was
not statistically significant (P=.274, Fisher’s exact test). Impair-
ment rates on 2 or more measures (grade 11, 27%; grade 111, 20%j;
grade 1V, 27%) and 3 or more measures (grade II, 13%; grade I11,
15%; grade 1V, 24%) were similar among groups (P > .05, Fisher’s
exact tests).

Rates of NCF impairment on individual tests are shown in
Fig. 2. Patients with grade II glioma were most frequently im-
paired on indices of executive functioning (TMTB, 43%), learning
and memory (HVLT-R TR, 33%; DR, 38%), auditory attention
(Digit Span, 20%), and the composite (CTB Comp, 25%). Rates
of impairment on all other measures fell below 15%. Patients
with grade III glioma were most often impaired on measures of
learning and memory (HVLT-R TR, 25%; DR, 20%), executive func-
tioning (TMTB, 15%), auditory attention (Digit Span, 15%), and
the composite (CTB Comp, 30%). Impairment rates were <15%
on other tests for the grade III group. Patients with grade 1V gli-
oma were most commonly impaired on measures of learning and
memory (HVLT-R TR, 62%; DR, 45%; Recog, 32%), executive

Table 2. Demographic and clinical characteristics

Glioma Grade

II(h=15) III(n=20) IV (n=37) P°

Age, y

Mean (SD) 37.6 (13.4) 51.1(14.0) 57.9(9.6) <.001*

Median 35 49 60

Range 18-66 20-78 31-71
Male, % 46.7 55.0 59.5 .703
White, % 86.7 95.0 83.8 713
Right hand dominant, % 80.0 85.0 89.2 672
Education, y

Mean (SD) 13.8 (2.5) 143 (2.5) 15.1(2.6) 243

Median 14 16 16

Range 8-18 7-18 11-20
Histology, %

Glioblastoma - - 97.3 -

Oligodendroglioma 40.0 30.0 -

Astrocytoma 20.0 60.0 -

Mixed glioma 133 5.0 -

Other 26.7 5.0 2.7
Temporal Lobe Region, %

Anterior 133 25.0 16.2 .660

Posterior 333 20.0 35.1

Medial 46.7 45.0 29.7

Multi 7.7 10.0 18.9
MRI Volume, mm?3

T1-weighted, Mean (SD)®  26.6 (22.3) 16.5 (15.1) 29.0 (29.8)  .201

FLAIR, mean (SD)¢ 36.1 (34.6) 349 (34.1) 59.8(50.2) .068
Seizure history, % yes 53.3 70.0 24.3 .002*
Antiepileptic Drug,® % yes ~ 50.0 64.3 67.6 .647
Steroid,® % yes 444 42.9 64.7 294

?Continuous variables compared with ANOVA; categorical variables
compared with Fisher’s exact test.

°II, n=14.

IV, n=35.

41, n=10; III, n= 14.

°Il, n=09; lII, n=14; IV, n=34.

*Significant difference, P <.05: age (grade II < grade III & grade
II < grade 1V).

functioning (TMTB, 44%; COWA, 30%; Similarities, 26%), expres-
sive and receptive language (Naming, 38%; Token, 35%), auditory
attention (Digit Span, 30%), processing speed (TMTA, 17%), and
CTB Comp (47%). Rates of impairment were <15% on other
tests for the grade 1V group. Impairment frequency significantly
differed across groups, as patients with grade IV glioma showed
the greatest impairment frequency on measures of verbal learn-
ing (HVLT-RTR: P=.017, Fisher’s exact test), executive functioning
(COWA: P=.036, Fisher’s exact test), receptive language (Token:
P =.029, Fisher’s exact test), and object naming (Naming: P=
.022, Fisher’s exact test).

NCF test performances by glioma grade are described in
Table 3. Performances significantly differed across groups on
measures of verbal learning, HVLT-R TR: F(2, 69) =6.91, P=
.002; processing speed, Digit Symbol: F(2, 68) = 7.45, P=.001;
executive functioning, COWA: F(2, 69) = 6.76, P =.002; auditory
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Fig. 2. Neurocognitive impairment by glioma grade. “Impairment defined as a z-score < —1.5 for all individual measures. Impairment defined as
a z-score < —0.70 for CTB Comp. *Significant difference between groups, P <.05; Fisher’s exact tests. Sample sizes by group: Digit Span (II = 15;
III=20; IV=37), HVLT-R TR (II=15; III = 20; IV = 37), HVLT-R DR (Il = &; III= 10; IV = 20), HVLT-R Recog (Il = &; III = 10; IV = 19), Digit Symbol
(Il=15; Il = 20; IV = 36), TMTA (Il = 15; III = 20; IV = 36), TMTB (II = 14; III = 20; IV = 34), Similarities (II = 14; III = 20; IV = 35), COWA (II = 15;
Il = 20; IV =37), Token (II=15; III=20; IV =37), Naming (II =15; III =19; IV = 37), Block Design (Il = 14; III = 20; IV =37), Grip (I =15;
[II=19; IV=35), Peg (Il = 15; III = 20; IV = 36), CTB Comp (II = 8; III=10; IV=19).

comprehension, Token: F(2, 69) = 6.44, P=0.010; and object
naming, Naming: F(2, 68) =4.63, P=.013. Post hoc tests re-
vealed that patients with grade IV glioma performed signifi-
cantly worse than patients with grade III glioma on HVLT-R TR
(P=.008), Digit Symbol (P=.001), COWA (P=.004), Token (P=
.030), and Naming (P =.014). Patients with grade IV glioma
also performed significantly below patients with grade II glioma
on HVLT-R TR (P=.012), COWA (P=.038), and Token (P=.038).
Patients with grade II glioma were significantly lower than pa-
tients with grade III glioma on Digit Symbol (P=.030), though
all other performances were similar between patients with grades
IT and III glioma.

Clinical Characteristics and Neurocognitive Function

Performances did not significantly differ by seizure status and an-
tiepileptic or steroid use, and there were no significant interaction
effects between these variables and tumor grade. For patients
with grade II glioma, Peg performance was significantly associat-
ed with both T1-weighted, p(12) = —0.56, P=.039, and FLAIR,
p(13) = —0.60, P=.018, MRI volume. For patients with grade IV
glioma, Peg performance was significantly associated with
FLAIR MRI volume, p(32) = —0.36, P=.037. T1-weighted and
FLAIR volumes were not significantly associated with any NCF
test for patients with grade III glioma. Post hoc sensitivity analy-
ses of significant differences in mean NCF test performances
among glioma grade groups were performed with ANCOVA con-
trolling for both T1-weighted and FLAIR MRI volumes. All signifi-
cant group differences remained significant when controlling for
lesion volume.

Discussion

To our knowledge, the present study represents the first charac-
terization of relationships between tumor grade and NCF in
treatment-naive patients with glioma restricted to the LTL. Gen-
erally consistent with prior studies of NCF and glioma,* impair-
ment was common in the overall sample, with 74% of all
patients exhibiting impairment on at least one measure. Howev-
er, the rates of impairment on individual tests significantly dif-
fered across the glioma grade groups. Specifically, patients with
grades II and III glioma tended to exhibit greatest frequency of
impairment on measures of verbal learning and memory, audito-
ry attention, and executive function. While patients with grade IV
glioma also showed frequent impairment in these domains, they
exhibited a broader range of cognitive dysfunction, including ex-
pressive and receptive language problems and processing speed,
and nearly half of the group fell in the impaired range on the com-
posite measure. Additionally, in comparison with patients with
grades 1T and III glioma, those with grade IV glioma were signifi-
cantly more frequently impaired on tests of verbal learning, exec-
utive functioning, and language.

A similar pattern was noted when comparing mean NCF per-
formances across the 3 tumor grade groups. Specifically, patients
with grade IV glioma exhibited the lowest mean scores across all
measures, with significantly worse performances than patients
with grade II or III glioma on measures of verbal learning, expres-
sive and receptive language, and executive function. The grade IV
group also demonstrated significantly more dysnomia and slower
processing speed than patients with grade III glioma. According-
ly, while significant NCF difficulties appear common in all LTL
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Table 3. Neurocognitive performances by glioma grade

Domain and Test Glioma Grade pe
II 111 v
N z-Score Mean (SD) N z-Score Mean (SD) N z-Score Mean (SD)

Attention

Digit Span 15 —0.44 (0.66) 20 —0.47 (0.63) 37 —0.75 (0.78) 236
Learning and Memory

HVLT-R TR 15 —0.75(1.32) 20 —0.81 (0.99) 37 -2.11(1.79) .002*

HVLT-R DR 8 —0.98 (1.83) 10 —0.88 (1.14) 20 —1.45 (2.19) .688

HVLT-R Recog 8 —0.25 (0.55) 10 -0.29 (1.27) 19 -1.27 (2.12) 214
Processing Speed

Digit Symbol 15 —-0.16 (1.07) 20 0.58 (0.90) 36 —0.30 (0.67) .001*

TMTA 15 —0.36 (2.05) 20 —-0.10 (1.05) 36 —0.49 (2.72) .816
Executive Function

TMTB 14 —1.53 (2.48) 20 —0.49 (2.53) 34 —1.88 (2.83) 186

Similarities 14 —0.24 (0.84) 20 —0.08 (0.63) 35 —0.46 (0.95) .286

COWA 15 —0.36 (0.85) 20 —-0.19 (1.10) 37 —1.16 (1.08) .002*
Language

Token 15 0.16 (0.89) 20 0.11 (0.87) 37 —0.72 (1.33) .010*

Naming 15 —0.62 (0.93) 19 —0.31 (1.09) 37 —1.25(1.25) .013*
Visuospatial Function

Block Design 14 —0.36 (0.96) 20 0.32 (0.83) 37 —-0.17 (0.93) .072
Motor Function

Grip 15 0.06 (1.12) 19 0.07 (0.84) 35 —0.45 (0.82) .063

Peg 15 0.27 (0.75) 20 0.22 (1.35) 36 —0.43 (1.23) .069
CTB Comp 8 —0.38 (0.71) 10 —0.56 (0.94) 19 -0.97 (1.17) 384

“One-way ANOVA used for group comparisons. Post hoc comparisons performed with Tukey’s honestly significant difference or Games-Howell tests.
*ANOVA significant, P <.05; post hoc comparisons: HVLT-R TR (grade IV < III & grade IV < 1), Digit Symbol (grade IV < grade III & grade 1T < grade II1),
COWA (grade IV < grade IIT & grade 1V < grade II), Token (grade IV < grade IIT & grade IV < grade II), Naming (grade IV < grade III).

glioma patients, those with grade IV tumors exhibit more fre-
quent and severe impairment than patients with lower-grade
tumor across most domains.

These findings are consistent with prior studies reporting
greater NCF deficits in patients with higher- versus lower-grade
tumors.”®7 However, unlike the Kayl and Meyers study,’ differ-
ences among groups remained significant even when controlling
for lesion size as measured by T1-weighted and FLAIR MRI se-
quences. This lends support to the contention that factors other
than lesion size, such as tumor momentum, play a role in the de-
velopment of tumor-related NCF impairment. Slower-growing tu-
mors may allow for greater neuroplasticity, as the brain has more
time to reorganize.” This may be reflected in the finding of less
frequent language impairment in the grade II and grade III
groups, which is a domain commonly impacted by damage to
LTL structures.?~?’ Specifically, the slower-growing tumors could
allow greater time for migration of such functions to nearby
structures. Such functional reorganization has been documented
in temporal lobe epilepsy patients,?® 3! though further investiga-
tion is needed to better understand the neuroplastic processes in
patients with glioma. Functional neuroimaging techniques®*3?
and intraoperative brain mapping of NCF** may be particularly
useful in addressing such questions.

Although the hypothesized influence of tumor momentum on
NCF is supported by the differences between the grade IV and
grades II and III groups, a similar trend was not observed be-
tween the grade III and grade II groups. Like grade IV tumors,
grade III gliomas are also considered high grade with infiltrative
and rapid growth. Accordingly, it was expected that patients with
grade III glioma would exhibit worse NCF than those with grade 11
glioma. However, the two groups performed similarly across most
measures, with patients with grade II glioma actually exhibiting
significantly lower performance than those with grade III glioma
on a measure of processing speed. While somewhat surprising,
this may reflect variability related to the small sample sizes of
the grades II and III groups, as group means and impairment
rates may be more influenced by individual performances falling
at the extremes of the distribution. Similarly, histopathological
heterogeneity within each group, as well as potential referral
bias, may impact the findings, as the samples do not represent
a consecutive series of all diagnosed patients. Further, tumor
grade alone may not be the best proxy for tumor momentum,
as growth rate is known to vary within the grade classes accord-
ing to molecular profile*® and even by symptomatic versus inci-
dental presentation.®® Additionally, sample size restrictions
prohibited a more fine-grained segmentation of tumor location,
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precluding inferential analyses of differences in NCF by LTL region
involved. Further studies should aim to clarify such questions
through replication with a prospective design, including a larger
sample and measures sampling from a broader variety of nonver-
bal functions.

Few patients had data regarding delayed memory on the
HVLT-R. As such, the lack of differences in delayed verbal memory
across groups may relate to the limited sample size, particularly
in light of the sizable difference noted in verbal learning perfor-
mances between the grade IV and lower groups. Despite the
sample limitations, the tumor grade groups were of similar if
not favorable size in comparison with existing studies. The pre-
sent study also has greater regional specificity than any other in-
vestigation of glioma grade and NCF to date, as all patients had
tumors restricted to the LTL, with similar distribution of tumors
throughout the LTL across tumor grade groups. Another strength
of the study is the strict control of other patient and tumor char-
acteristics. Whereas the Hom and Reitan® study did not account
for age differences, NCF performances were demographically ad-
justed for these analyses, which is important given the fact that
low-grade tumors tend to present at an earlier age.®’ Similarly,
other potential confounds such as seizure status and medication
use were considered. Consistent with known rates of seizure dis-
order in patients with glioma, seizures were least frequent for pa-
tients with glioblastoma multiforme, but NCF performances did
not differ by seizure status or use of antiepileptic drugs. Addition-
ally, the impact of tumor grade on NCF was independent of ste-
roid use and lesion volume in sensitivity analyses, providing
further support for the hypothesized role of lesion momentum
in the development of NCF impairment in LTL glioma patients.

In sum, patients with glioma involving the LTL frequently pre-
sent with NCF difficulties, particularly on measures of learning and
memory, attention, and executive functioning, regardless of
tumor grade. As such, assessment of NCF may be helpful in the
treatment planning and monitoring of quality of life for all LTL gli-
oma patients, even those with low-grade tumors. Interestingly,
the findings also demonstrate that grade IV gliomas disrupt
memory, language, processing speed, and executive functions
to a greater extent than lower-grade tumors, suggesting more
disruption of distributed brain networks in these patients. While
prior research suggested that differences in NCF across tumor
grades may be attributable to variation in lesion volume, this con-
tention was not supported by follow-up analyses. In the present
study, after accounting for confounding patient- and tumor-
related characteristics, differences in NCF across LTL glioma
tumor grades appeared to be significantly and independently in-
fluenced by tumor momentum, insofar as higher-grade tumors
are likely to exhibit more rapid tumor growth. In other words,
the greater lesion momentum of faster-growing tumors may pre-
vent neuroplasticity and, as a consequence, result in greater NCF
impairment.
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