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Abstract

Background. Neurocognitive assessments have become integral to comprehensive neuro-oncology care. Existing
screening tools may be insensitive to cognitive changes caused by medical treatments. Research supports the
clinical value and psychometric properties of the Repeatable Battery for the Assessment of Neuropsychological
Status (RBANS) in various medical populations; however, there is minimal evidence for its use in neuro-oncology.
The purpose of the current study was to further explore the cognitive profile of patients with primary brain tumor
(PBT) using the RBANS and to assess rates of below-expectation performance compared to normative data and
estimated intellectual functioning.

Methods. Data were collected on 82 PBT patients (54% male; age range, 19-81 years). All patients were administered
the RBANS-Update and the Advanced Clinical Solutions-Test of Premorbid Functioning (TOPF) according to
standardized instructions. Cognitive strengths and weaknesses were identified for PBT patients. Descriptive
analyses, t tests, and chi-squared tests were utilized to identify and compare cognitive profiles.

Results. Overall, cognitive performance was low average for PBT patients. When compared to standardization
data, PBT patients performed significantly worse across all 5 RBANS indexes, with Attention and Memory showing
the largest discrepancies. Estimated intelligence analyses reflected greater deficits in cognitive functioning than
when compared to a normal distribution.

Conclusions. Preliminary research demonstrates the RBANS is an efficient screening tool to assess cognitive
deficits in PBT patients. Data also support the importance of comparison to self, rather than normative distribution
in ensuring proper identification and classification of patients.
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primary brain tumor patients RBANS quality of life

The detrimental effects of brain cancer and its related
treatments on cognitive capacity have gained consid-
erable attention and recognition.”* Cognitive deficits,
even when mild, can result in diminished functional in-
dependence,® as well as produce unfavorable psychi-
atric consequences, especially if left untreated.®” Up to

90% of primary brain tumor (PBT) patients demonstrate
at least one area of cognitive dysfunction at baseline
testing,® while up to 80% show further deficits following
treatment.®'° Deficits among PBT patients are evident
across many cognitive domains, including attention,
executive function, processing speed, memory, and
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language, which can significantly affect daily functioning
and quality of life."311-13

The inclusion of neurocognitive assessments throughout
treatment and as end points in clinical trials is increasing,
especially when related to CNS tumors.™ In fact, sustained
or improved quality of life, including cognitive functioning,
is now considered as equally an important outcome for PBT
patients as prolonged survival rates and postponed tumor
progression.’>'® The field lacks established standards of
best practice for neurocognitive assessments. This lack of
uniformly accepted and validated instruments prevents
cross-study comparison, adequate understanding of cog-
nitive dysfunction, and proper clinical guidance on which
neuropsychological tests should be used for identifying
impairments.

Given that individuals with PBT are prone to fatigue,
they are less likely to withstand the typical 6- to 7-hour
comprehensive neuropsychological evaluation that other
populations may endure. Furthermore, most cancer centers
are housed in academic medical centers and other integrated
care settings where brief neuropsychological evaluations are
mandatory because of space, time, and billing limitations.
However, selection of an appropriate assessment battery
should also be comprehensive enough to differentiate cog-
nitive dysfunction in patients."” Cognitive deficits within
neuro-oncology may have been underreported historically,
as medical practitioners have traditionally relied on brief
mental-status checks. These existing screening tools, such
as the Mini-Mental State Examination® and the Montreal
Cognitive Assessment,'® continue to be criticized because
they are insensitive to cognitive changes due to medical
treatments.?>-22 Therefore, to efficiently serve patients and
providers in increasingly integrated care settings, neuro-
psychological evaluations for a variety of clinical populations
including PBTs may benefit from not exceeding 2 to 3 hours.
Recently, The International Cognition and CancerTask Force'”
provided recommendations for a core set of neuropsycho-
logical tests to be utilized within the neuro-oncology popula-
tion for research purposes.The recommended tests included
measures of verbal memory, processing speed, and execu-
tive function. Noticeably absent, however, were indexes of
right-hemisphere visual memory, working memory, and
language-based confrontational naming, all identified cogni-
tive domains subject to impairment following neurosurgery
and brain tumor treatment. Additionally, using coordinated
norms (the same norms for multiple cognitive domains)
helps reduce error variance and the risk for false-positive
findings. As such, the question remains whether there is a
more comprehensive and appropriate measure available for
this population.

The present study aims to further address this gap in the
literature by investigating the cognitive profile of patients
diagnosed with PBT using an alternative, abbreviated, yet
comprehensive screening battery of tests (Repeatable
Battery for the Assessment of Neuropsychological Status;
RBANS). The RBANS was originally developed to screen
for dementia and has since been found to be reliable and
valid in a variety of disorders including multiple sclerosis,
Parkinson disease, and cerebrovascular disorders.?*?* To
date, there has been minimal examination into the utility
of the RBANS with PBT patients. In 2010, Lageman et al®
revealed that more than 50% of brain tumor patients

demonstrated impairment on at least 1 subtest of the RBANS
and that when compared to normal distribution, a combin-
ation of 4 subtests (Figure Copy, Coding, List Recognition,
and Story Recall) captured 90% of the impaired subgroup.
Onodera and colleagues?® later determined memory to be
the greatest cognitive impairment when utilizing the RBANS
at a 4-month follow-up evaluation posttreatment; however,
this was conducted with brain metastases patients who
undergo treatment regimens different from PBT patients.

The purpose of the current study was to further explore
the cognitive profile of PBT patients using the RBANS
and to assess rates of below-expectation performance, ie,
>1 SD below average compared to a normal distribution or
>1 SD below estimated premorbid intellectual functioning.
While an ideal within-person comparison would be
individuals’ measured intellectual functioning prior to PBT
diagnosis and/or treatment, this is often not feasible—es-
pecially in a clinical setting. As such, estimated premorbid
intellectual functioning has come to be commonly used
when these data are not available. Given the current know-
ledge of cognitive profiling with PBT patients and limited
research into the utility of the RBANS in neuro-oncology,
we hypothesize that PBT patients will have lower scores on
the RBANS when compared to a standardization sample.
Also, assuming that the baseline 1Q of the population of all
brain tumor patients forms a normal curve similar to that
of a normal population, it is expected that PBT patients’
prevalence of below-expectation performance will be
higher when comparing against their own estimated intel-
ligence rather than a normal distribution.

I
Materials and Methods

Patients

Eighty-two patients from a National Cancer Institute-
designated cancer center were included in the present
study. Patients were recruited following neuropsycho-
logical evaluations, which are standard of care for all new
brain tumor patients at this cancer center. Written informed
consent was obtained from all study patients. Inclusion
criteria were as follows: 1) confirmed PBT diagnosis via
MRI and histopathological diagnosis, 2) a minimum of
2 weeks postsurgical resection or biopsy (if applicable),
3) all neuropsychological assessment measures completed
within 1 week to minimize effects of timing, 4) English
speaking, and 4) available age-adjusted RBANS norma-
tive data (ages 18-89+). Patients with sensory-motor and/or
vision limitations were included in this sample.

Procedure

Ethical approval from the institutional review board was
obtained. As part of each patient’s standard of care, neuro-
psychological assessment was performed and written
informed consent was obtained prior to inclusion of the
participant’s data in the study database. Data from neuro-
psychological assessments as well as medical chart review
were used for the present cross-sectional study.
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Measurements

Medical chart review provided demographic variables
(age, gender, ethnicity, and level of education) and med-
ical variables (classification, hemisphere, and grade of
brain tumor and treatment regimen). The selected battery
for this study included administration of the Advanced
Clinical Solutions-Test of Premorbid Functioning (TOPF)%®
to assess estimated intelligence and the administration of
the RBANS? to assess cognitive functioning. The TOPF is
a well-validated and reliable measure of estimated intelli-
gence based on a reading paradigm. It has been shown to
correlate with premorbid intelligence in a variety of clinical
populations as well as intelligence testing in nonclinical
populations.?6-2Word reading tests, like the TOPF, have long
been the standard for determining premorbid functioning
because this ability is often preserved following an in-
sult to the brain.?®3" |t can be administered in 5 minutes
and provides a standard score (SS) based on same-aged
peers. The RBANS is a well-validated and reliable cogni-
tive screening battery comprising 12 subtests that can be
administered in 20-30 minutes with 4 alternating forms for
reevaluation. Further, RBANS index scores have strong
convergent validity with other neuropsychological tests on
which they were based.?®?*The RBANS provides SS based
on same-aged peers for 5 indexes of neuropsychological
functioning: Attention, Language, Visuospatial-Construction,
Immediate Memory, and Delayed Memory (Table 1). These
indexes combine to compute a total scale score of cogni-
tive functioning. Although the RBANS does not have a spe-
cific Executive Functioning Index, it should be noted that the
subscales Semantic Fluency (part of the Language Index)
and Coding (part of the Attention Index) are executive tasks
and important components of the RBANS measure.

Statistical analysis

Data screening and analysis were conducted using
SPSS 24. Demographic (age, gender, ethnicity, and
level of education) and medical variables (classification,

Table 1

RBANS Index Description

Immediate Memory
itis presented.

Visuospatial/

Construction spatially accurate copy of a drawing.

Indicates the examinee’s ability to remember information immediately after

Indicates examinee’s ability to perceive spatial relations and to construct a

hemisphere, and grade of brain tumor and treatment
regimen) were analyzed for sample description. Descriptive
analyses (means, SDs, and distribution of scores) were
used to identify the cognitive profile of the RBANS in the
PBT population. Comparisons (t tests) of RBANS scores
were examined by tumor grade and hemisphere. Group
comparisons (t tests) were also completed to compare
PBT to standardization data. The standardization reference
group from the RBANS manual was used for comparison
data,3? which included 244 participants selected to propor-
tionally represent the United States population in regard to
sex, race/ethnicity, and geographic region. The 244 stand-
ardization reference groups included only individuals with
more than high school education to adequately match
our PBT sample. When investigating performance by ref-
erence source, a significant change from the normative
distribution and/or estimated intelligence was defined as
greater than 1 SD of difference. For normal distribution
comparison, scores were considered ‘below expectations’
if participants scored more than 1 SD below average
(SS < 85). For estimated intelligence comparison, scores
were considered to be ‘below expectations’ if participants
scored more than 1 SD below their TOPF score (TOPF —
RBANS index score > 15).

I
Results

Demographic Characteristics

Eighty-two PBT patients (age range, 19-81 years; 54%
male; 85% Caucasian; mean education level = 14.8 years,
range, 7-20 years) were included in this study. Of the 82,
65% (n = 53) were diagnosed with high-grade tumors and
35% (n = 29) with low-grade tumors. Seventy-four per-
cent (n = 61) of participants underwent surgical resec-
tion following diagnosis, 51% (n = 42) radiation therapy,
and 45% (n = 37) completed at least one cycle of adjuvant
chemotherapy prior to the neuropsychological evaluation.
Full demographic data are presented inTable 2.

Description of Repeatable Battery for the Assessment of Neuropsychological Status Indexes (RBANS)%

Subtests Included

List Learning
Story Memory

Figure Copy
Line Orientation

Language Indicates examinee’s ability to respond verbally to either naming or Picture Naming
retrieving learned material. Semantic Fluency?
Attention Indicates the examinee’s capacity to remember and manipulate both Digit Span
visually and orally presented information in short-term memory storage. Coding?®
Delayed Memory Indicates the examinee’s anterograde memory capacity. List Recall
List Recognition
Story Recall
Figure Recall

Total Scale

aExecutive tasks.

A total score that is calculated by summing the above 5 index scores.

Five indexes combined
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Table2 Demographics of Primary Brain Tumor Patients

Demographics

n (%)

Mean age 50.6 years (range, 19-81 years)
Gender

Male 44 (53.7)

Female 38 (46.3)
Ethnicity

Caucasian 70 (85.4)

African American 11 (13.4)

Other
Mean level of education
<HS

1(1.2)
14.8 years (range, 7-20 years)
10 (12)

HS 12 (15)
>HS 60 (73)
Mean estimated intelligence? 101.7 (range, 68-127)
Tumor type
Meningioma 6(7.3)
Oligodendroglioma 15(18.3)
Astrocytoma 16 (19.5)
Glioblastoma multiforme 34 (41.5)
CNS lymphoma 6(7.3)
Mixed glioma 1(1.2)
Craniopharyngioma 1(1.2)
Hemangiopericytoma 1(1.2%)
Hemangioma 1(1.2%)
Schwannoma 1(1.2%)
Tumor grade
Low 28 (34.1%)
High 54 (65.8%)
Tumor hemisphere
Left 34 (41.5%)
Right 33 (40.2%)
Bilateral 15 (18.3%)
Surgery
Biopsy 20 (24.4%)
Resection 61 (74.4%)
None 1(1.2%)
Hx of radiation therapy 37 (45.1%)
Hx of chemotherapy 42 (51.2%)

Abbreviations: HS, high school; Hx, history.

aThe Advanced Clinical Solutions—Test of Premorbid Functioning
(TOPF)?® was used to assess estimated intelligence. The TOPFis a
reading paradigm that has been shown to correlate with premorbid
intelligence in a variety of clinical populations as well as intelligence
testing in nonclinical populations.2% Word reading tests, like the TOPF,
have long been the standard for determining premorbid functioning as
this ability is often preserved following an insult to the brain.23-3!

Cognitive Functioning

Within the PBT group, the overall total scale score was
low average (SS = 88.7). Attention, Immediate Memory,
and Delayed Memory indexes were the lowest scores,

followed by Language and Visuospatial/Construction
(Table 3). Despite relatively intact overall estimated intelli-
gence (TOPF mean = 101), PBT patients performed signifi-
cantly below the standardization sample on all 5 RBANS
index scores (Table 3). Attention and Memory showed the
largest discrepancies, with Language following closely be-
hind. PBT subtest SSs are shown in Figure 1. List Learning,
Semantic Fluency, Coding, and List Recall were close to
1 SD below the norm. Comparisons of RBANS scores were
examined by tumor grade (high vs low) and hemisphere
location (left, right, bilateral). There was no significance
found between tumor grade groups across RBANS indexes
(P > .05). Visuospatial Construction revealed significance
between hemisphere groups (P = .013; left > right > bilat-
eral). Though not statistically significant, Language was
trending (P=.097; left < right).

The distribution of PBT RBANS total scale scores was
tested for normality. Kolmogorov-Smirnov (P = .178)
and Shapiro-Wilk (P = .129) were both nonsignificant,
suggesting normal distribution. The distribution of RBANS
total scale scores is depicted in Figure 2. The PBT group is
presented alongside the Healthy Control RBANSTotal Scale
score distribution from Karantzoulis et al® for visual com-
parison only. No statistics were acquired for comparison.

Rates of below-expectation performance differed
according to source of reference (ie, estimated functioning
vs normal distribution) because the proportion of PBT
patients with a performance >1 SD below expectation in
total scale score was significantly higher compared to
self (48.8%) than when compared to a normal distribu-
tion (40.2%), ¥ = 13.715, P < .001. This also held true when
looking at a minimum of 1 (76.8% vs 63.4%; y? = 14.67,
P < .001) and 2 indexes of below-expectation performance
(568.5% vs 47.5%; x? = 13.45, P< .001; Figure 3).

I
Discussion

Although the utility of assessing neuropsychological im-
pairment using the RBANS has been well documented
across medical populations,?#32-3 this instrument has not
been investigated fully within the PBT population. Overall,
PBT patients demonstrated low-average functioning when
using the RBANS Total Scale as a measure of cognitive per-
formance. However, their performance was not consistent
across indexes. Instead, mean performances ranged be-
tween low average to average with greater dysfunction
in Attention and Memory and relatively spared Language
and Visuospatial-Construction. Learning a word list (List
Learning), retrieving learned material quickly (Semantic
Fluency), manipulating visual information quickly (Coding),
and recalling a learned word list (List Recall) accounted
for the lowest subtests and largest discrepancies from
norms. These results are consistent with previous litera-
ture in PBT populations demonstrating deficits in learning
and storing information, language fluency, and processing
speed."133738 |n fact, Lageman et al?® found Coding to be
an RBANS subtest indicative of impairment in brain tumor
patients, along with Line Orientation and Picture Naming, to
be the most intact. There was a discrepancy in our findings,
however, in regard to Visuospatial-Construction, in which
Lageman® noted significant impairment in her sample
and our results revealed a strength. This is surprising given
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Table3 Group Comparisons Across Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) Index Scores
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RBANS Index Scores PBT >High School Education
Mean (SD) Standardization Mean Difference 95% CI Significance (P)
Mean (SD)23a
Immediate Memory 88.4 (21.7) 104.2 (13.4) 15.8 20.5to 11.1 <.001
Visuospatial-Construction 96.6 (15.9) 103.6 (14.1) 7.0 10.5t0 3.6 <.001
Language 90.9 (16.4) 105.6 (14.7) 14.7 17.1 t0 10.0 <.001
Attention 88.7 (18.8) 104.5 (13.7) 15.8 20.9to0 12.8 <.001
Delayed Memory 88.9 (17.1) 103.8 (14.2) 14.9 18.6 to 11.2 <.001
Abbreviation: PBT, primary brain tumor.
3RBANS standardization sample (N = 244; greater than high school level of education).
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Fig.1 Primary Brain Tumor Group Mean Subtest Scale Profile. Gray line 21 SD below expectations.

our sample had more right-hemisphere tumor placement
(40.2%) as compared to 14.71% in Lageman.?®

Tumor location, not malignancy grading, demonstrated
performance differences consistent with previous
reports.3®As expected, scores were consistently lower across
all indexes in the PBT sample relative to the standardiza-
tion reference group, reaching significance in all 5 indexes.
Consistent with previous research in PBT populations, al-
though this weakness was statistically significant, it was not
always clinically drastic (>1 SD). Many patients diagnosed
with PBT who subsequently undergo cancer treatment see
a decline in functioning from baseline or pretreatment cap-
ability, yet for most these declines do not often fall within
the severely impaired range. Instead they lower slightly
from premorbid functioning. The largest discrepancies
in cognitive functioning between groups were evident
across measures of Attention and Memory, with Language
closely following. These findings are in line with research
documenting decreased functioning in attention and
memory following treatment for PBTs, including chemo-
therapy treatment that crosses the blood-brain barrier and
radiation treatment targeting the brain.3":12

Also as expected, rates of below-expectation perform-
ance were more frequently identified when compared
to estimated intelligence than a normal distribution. This
was consistent when examining both overall cognitive
functioning (RBANS total scale score) and when looking
at the number of indexes reflecting below-expectation
performance. Source of reference appears to play an im-
portant role in the identification of performance below ex-
pectation and introduces 2 potential classification errors: (1)
patients with an estimated intelligence in the low-average
range being incorrectly classified as performing “below
expectations” and/or (2) patients with an estimated high
average intelligence being incorrectly identified as having
intact cognitive functioning. The same individual with
PBT may or may not be classified as performing “below
expectations” depending on the reference source being
utilized. In our sample, depending on the number of indexes,
up to 13% of patients might have been misidentified or
classified differently across scales/practitioners.

There are several important study limitations to mention.
First, this study was taken from a convenience sampling
approach—patients had diverse tumor characteristics and
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were at varying time points in their treatment regimens.
In our clinical practice, PBT patients receive neuropsycho-
logical evaluations as part of standard of care following
diagnosis and throughout treatment (time points based
on tumor type/grade). As such, this sample mirrors clinical
practice. To control for time since diagnosis and treatment,
a larger and more homogenous sample would be bene-
ficial. A larger sample would also allow for comparisons
based on medical variables; however, these analyses were

—— Estimated Intelligence

not feasible in the current sample because of power and
data limitations. Second, there were no healthy group data
available for comparison. As a result, standardization data
retrieved from the RBANS manual were used as a com-
parison,? thus limiting the analyses performed. Obtaining
raw data from a healthy control group to perform more
in-depth statistical comparisons is recommended. In
addition, we did not administer a lengthy comprehen-
sive battery or measures of day-to-day functioning in the
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current study, which limits our ability to draw conclusions
regarding how RBANS scores relate to other commonly
used markers of functioning. Lastly, there are instances
in which the estimated intelligence (TOPF) may not have
been an accurate indication but rather an underestimate
due to other cognitive deficits including aphasia, visual
neglect, or memory impairments. Although not frequent,
this is an attribute of this medical population.

Overall, the results of this study provide supportive evidence
for RBANS' utility as a brief but comprehensive assessment of
cognitive functioning in PBT patients. Furthermore, our results
support the use of estimated intelligence as a reference source
when assessing cognitive functioning. These findings have
important clinical applications that would inform treatment
recommendations and planning. More research is warranted
investigating the use of RBANS in larger samples of PBT rela-
tive to nonclinical controls.
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