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ABSTRACT
Objective: Neurocognitive function (NCF) is arelevant endpoint in clinical trials of primary
brain tumor patients. The Clinical Tria Battery (CTB) consisting of the Hopkins Verbal
Learning Test-Revised, Trail Making Test, and Controlled Oral Word Association is
currently in use for multinational / multisite clinical trials of primary brain tumor patients.
Although the CTB is brief, useful, and consists of standardized measures, validity and
diagnostic accuracy of the CTB are unknown and the measures are primarily verbally based.
The CTB generates multiple outcome variables for cognitive domains of attention, executive
function, learning, memory, and processing speed, and can therefore be analytically
challenging. The present study aimed to investigate the validity and diagnostic accuracy of
the CTB and to evaluate the added value of including a test requiring predominantly
visuospatial function.
Methods: To integrate and interpret the six major outcome variables generated by the CTB,
an unweighted average standard composite score (NCF6Z) was calculated. Block Design
(BD) was added to the CTB in order to examine the impact of including atest of visuospatial
function, which yielded another composite score (NCF72Z) for the extended CTB (CTBE).
Vaidity and diagnostic accuracy of NCF6Z and NCF7Z of untreated primary brain tumor
patients (n = 260) were assessed against the criteria: performance on comprehensive clinica
assessment, clinician ratings of NCF impairment status, tumor characteristics, and clinician
report measures of functional status.
Results: NCF6Z was found to be adequately valid. Assessed against clinician ratings of
NCF impairment status, at cutpoint -0.50, NCF6Z demonstrated sensitivity = 0.86, specificity

=0.78, PPV = 0.80, and NPV = 0.85. At cutpoint -0.6257, NCF6Z displayed optima



diagnostic accuracy (sensitivity = 0.85, specificity = 0.83, PPV = 0.84, NPV = 0.84).
Addition of BD did not augment validity or diagnostic accuracy of the original CTB, even
when the scores were weighted to offset the purported verbal bias of the CTB.

Conclusion: The present investigation demonstrated validity and diagnostic accuracy related
evidence for NCF6Z. The CTB, whichisabrief, useful, valid, and diagnostically accurate
measure of NCF among primary brain tumor patients, is suitable for usein large scale

research studies involving primary brain tumor patients.
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Validity and Diagnostic Accuracy ofaCTB 1

Validity and Diagnostic Accuracy of a Clinical Trial Battery for Primary Brain Tumor

Patients

Neurocognitive dysfunction is a common adverse ggmpamong brain tumor
patients and may reflect tumor burden and/or treatraeffects (Wefel, Kayl, & Meyers,
2004). Neurocognitive function (NCF) has beenldisthed as a predictor of patient quality
of life (Buckner, O’Fallon, Iturria, et al., 2004ymor progression (Klein, Postma, Taphoorn,
et al., 2003, Meyers & Hess, 2003, Meyers, eR8l00) and patient survival (Johnson,
Sawyer, Meyers, et al., 2012, Buckner et al., 200dyers Hess, Yung, et al., 2000;
Taphoorn et al., 2004). When present, neurocagndysfunction influences patient
functional status, which includes successful engesge in activities of daily living (Meyers,
Hess, Yung, et al., 2000; Meyers, Smith, Bezjalal €22004; Taphoorn & Klein, 2004).
Improving, stabilizing and/or slowing the declimeNICF is, thus, an important goal in
clinical care as well as a highly relevant endpointlinical trials (Meyers & Brown, 2006)
of brain tumor patients. In addition, NCF is afuteutcome to assist in measuring the net
clinical benefit of cancer therapy, which includbeneficial effects on disease related

symptoms and/or quality of life” (Meyers et al.,0&).

The Clinical Trial Battery:
Meyers et al. (2006) recommend that a clinical battery consist of brief,
psychometrically sound, objective and standardiests with published normative data that

are simple to administer by appropriately trainedfsnd have been shown to be sensitive to
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the neurotoxic effects of cancer and cancer thesapht present, The Clinical Trial Battery
(CTB) is the neuropsychological assessment baittege for numerous multisite /
multinational oncology clinical trials assessingirezognitive endpoints. The CTB consists
of the following NCF tests: Trail Making Test Parand Part B (TMTA and TMTB),
Hopkins Verbal Learning Test—Revised (HVLT-R)—TdRecall (HVLT-R TR), Delayed
Recall (HVLT-R DR), Delayed Recognition (HVLT-R DRIOG), and Controlled Oral
Word Association (COWA). The CTB takes 25-30 misuta complete administration,
which is critical for the oncology clinical triahgironment, because it allows for reduced
clinician burden, is cost and time efficient, amtibases training demands on the examiner
(Carey, Woods, Rippeth, et al., 2004a; Meyers.eR@D6). Consistent with the
recommendations of Caine, Mehta, Laack, et al. Z2Ghe CTB also requires minimal
special materials or apparatus.

The CTB measures cognitive domains that are comyradfécted by tumor and
treatment including attention, executive functi@arning and memory, and verbal fluency
(Fox, Michael, & Booth-Jones, 2006, Wefel et a2, Klein et al., 2003, Weitzner &
Meyers, 1997). In contrast, some previous attemiptieveloping neurocognitive assessment
batteries for clinical trials were criticized fdreir narrow scope (Weitzner et al., 1997). For
example, Grant, Slattery, Gregor, Cull, Traynorale{1994) proposed a brief, repeatable
battery for glioma patients, consisting of measwafasotor function (timed nine-hole peg
test, 10 meter walk), short term memory (Willianetayed recall test), and language (Boston
Aphasia Severity Rating Scale). This battery thtle assess cognitive domains important for
functional independence, such as speed of progeasih executive function (Weitzner et al.,

1997).
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Psychometric and Domain Related Limitations of the CTB:

While the CTB consists of clinically relevant, pepenetrically sound, standardized,
and a simple-to-administer set of individual tegtsuffers from some limitations. There is
no information on psychometric characteristicshaf CTB as an assessment battery. For
example, no validity related evidence on the CTBugently available. Secondly, the CTB
consists of a group of standardized and psychocadlifrisound measures that generate six
outcome variables: TMTA, TMTB, COWA, HVLT-R TR, HVI:R DR, and HVLT-R
DRECOG. Evaluation and interpretation of multiplecomes within a single battery is
analytically challenging. Risk of error increagéth an increasing number of outcome
measures (Ingraham & Aikken, 1996). Similarly, ¥eer et al. (1997) noted that a
neurocognitive assessment battery should be aldlagsify patients based on their
neurocognitive status. This ability to correctlgssify patients into clinically relevant
groups reflects diagnostic accuracy (Zweig & Canliph®93). Sensitivity, specificity,
positive predictive value, and negative predictratie are indices of diagnostic accuracy of
an instrument. Data on diagnostic accuracy ofdhB are lacking.

Concerns have been raised that the CTB is predothynaerbally based. It is
unclear if a nonverbal visual constructional measuwould enhance the CTB. In some
studies, visuospatial function, along with verb@&mory and psychomotor speed, has been
found to be sensitive to neurocognitive impairmem®ng primary brain tumor patients

(Lageman, Cerhan, Locke, et al., 2010).
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Overcoming the Psychometric and Domain Related Limitations of the CTB:

In order to examine the impact of including a nambal / visuospatial test on the
CTB, we added Block Design from the Wechsler Athiitlligence Scale—Third edition
(BD, WAIS-III) to the CTB, which we then renamedtae CTB-extended (CTBE). Similar
to the subtests of the CTB, BD is a frequently useasure in neuropsychological
evaluations of Primary Brain Tumor patients.

Accurate representation of the multiple outcomealdes of the CTB is required in
order to assess validity and diagnostic accurachie@fCTB. As noted, multiple outcome
variables are analytically challenging and may bestepresented through a single summary
score. Two types of summary scores have beeningbd previous studies, namely Global

Deficit Scores (GDS) and Composite Scores.

Global Deficits Scores:

GDS account for the number and severity of defiaitan individual’s performance
throughout the test battery (Carey, Woods, Gonzallet., 2004; Miller & Rohling, 2001).
The GDS, created by Heaton, Grant, and Matthew81(1% based on conversion of
demographically corrected T-scores on individuairopsychological measures to deficit
scores (see Table 1) ranging from 0 (no impairmien®) (severe impairment) (Carey,
Woods, Gonzalez, et al., 2004b). The deficit ssare then averaged to create the GDS that
weights deficient performances higher than thogkiwir above the normal limits (Heaton

et al., 1994a; Heaton, Paulsen, McAdams, et aéd4h9Heaton et al., 1995).
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Table 1. Conversion of T-scores into Deficit Scores

T scores Deficit Score Impairment Descriptor
>40 0 Normal
39-35 1 Mild
34-30 2 Mild-to-Moderate
29-25 3 Moderate
24-20 4 Moderate-to-severe
<19 5 Severe

Carey et al. (2004a) assessed 88 Human ImmunaateficVirus seropositive
(HIV+) patients and 61 HIV- participants with a teay consisting of the following
component measures: Hopkins Verbal Learning TestisB&, Brief Visuospatial Memory
Test — Revised, FAS verbal fluency, Animal Fluerspop Color-Word Test, Trail Making
Test, Wisconsin Card Sorting Test — 64 Card Verditaistead Category Test, Paced
Auditory Serial Addition Test, Grooved PegboardgiDEymbol, Symbol Search, and Letter-
Number Sequencing tests (WAIS-IIl). The GDS wase &b discriminate between HIV+ and
HIV- participants. For cutoff values af0.25 to> 2.00, specificity of the GDS ranged
between 0.71 to 1.00 and positive predictive paweged between 0.74 to 1.00. There was
a significant correlation between the GDS and bdlwician ratings of global NCF
impairment p = 0.87,p < .0001). Against the standard of clinical ratinthe GDS was able
to identify HIV+ individuals with NCF impairmentsgecificity range = 0.69 to 1.00 and
positive predictive power = 0.71 to 1.00). Otheeidges have established that the GDS is
useful in detecting mild cognitive impairment in\FHH patients and is related to the
biological markers of HIV-associated immunosuppgmsg$Gonzalez, Heaton, Moore et al.,

2003; Heaton, et al., 1994a).
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Composite scores:

Another statistical approach to integrating anérptteting data from multiple
measures of a neurocognitive battery is the dewedmp of a summary composite score
based on individual scores of component measuree.composite score is usually the
average of the standardized scores of all indilichesasures of the neurocognitive battery.

In order to assess the diagnostic accuracy of eonegnitive assessment battery in
detecting HIV associated dementia among HIV+ p&tigBottiggi, Chand, Schmitt, et al.
(2007) created a composite score termed NPZ8.NHR¥8 was the average of eight z-scores
obtained from each of the eight component testseheurocognitive battery: Symbol Digit
Modalities, Grooved Pegboard (dominant and non-dantj, Trail Making Test Part A and
B, Rey Auditory Verbal Learning Test Trial 8, Reuditory Verbal Learning Test Total, and
COWA. The criterion for impairment (“cognitivelynipaired / demented”) was established
as an NPZ8 score of < —2.00. Another criteriomgdairment was based on individual test
scores such that patients obtaining z-scores-2f00 $ from the normative mean on two or
more individual neuropsychological tests (e.g.,dveal Pegboard and COWA) were also
classified as “cognitively impaired.” If patiendbtained one score gf~2.00 SD on a single
individual neuropsychological measure, then theyeve®nsidered cognitively normal /
subclinical. When compared to clinical ratingstbea Memorial Sloan Kettering (MSK)
staging scale, the NPZ8 exhibited a sensitivit).80 and a negative predictive value of
0.58.

The Multiple Sclerosis Functional Composite (MSKCuitter, Baier, & Rudick,

1999) is another composite score that is a focasedsensitive measure of disability among

patients with multiple sclerosis (MS). It is a qtitative instrument that consists of three
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measures: arm/hand dexterity (the 9-Hole Peg Tlestfunction (the Timed 25-Foot Walk),
and cognition (the Paced Auditory Serial AdditioesT, 3-second version). The mean of the
scores of the 2 Timed 25-Foot Walk trials, thepemtal of the average score of the 2 trials
of each hand, and the number of correct responsésed”aced Auditory Serial Addition
Test were used to derive the MSFC score, whicheasiiean of the gcores of the three
component scores. Cohen, Cutter, Fischer, e2@01) reported that the MSFC is simple to
administer, has a practical testing protocol, axtdlets sound intra-rater and inter-rater
reliability. Miller, Rudick, Cutter, et al. (2000¢ported that the MSFC correlated with
disability as measured by the Kurtzke Expanded llisa Status Scale (EDSS) (r = -0.0.80,
p <.001), patient report of physical functioning (FRysical Summary Scale: r = -0.71,
<.001, SF36 Physical Component Score: r = -(p41001), and emotional functioning (SIP
Psychosocial Summary Scale: r = -0.84,.001). Kalkers, Bergers, de Groot, et al. (2001)
showed that the MSFC correlated significantly wviitd biologic disease markers of MS: T1-
hypointense lesion load (r = -0.2%<.01) and T2-weighted lesion load (r = -0.p55.01).

Composite scores have also been used in schizaphesearch (For example,
Tabarés-Seisdedos, Balanza-Martinez, Sanchez-Mogeab, 2008, Keefe, Bilder, Harvey
et al., 2006). Keefe, Goldberg, Harvey et al. @0talculated an NCF composite score for
the Brief Assessment of Cognition in SchizophréBIACS) by averaging the six
standardized primary measures generated by the BA@Bthen obtaining a z-score of the
composite score. Test-retest reliability coefitgeranged between 0.86 to 0.95 for both
patients with schizophrenia as well as healthyrod&it Among patients with schizophrenia,
the BACS measures correlated at least moderatéfyaliNCF domains assessed by a

comprehensive standard battery.
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Heaton et al. (1994a) criticized composite scooe®é&ing arbitrary and of
guestionable sensitivity. They observed that caitpscores have been used in various
studies assessing neurocognitive impairment amadxgeropositive patient population. In
these studies, HIV+ patients were classified apéired”, if the composite scores were one
or two standard deviations below the means of eefee groups. However, there was no
prior validation of the cut-off criterion. Moreowen many cases, demographic and clinical
characteristics of the reference groups differedhfthe research population. As a result,
Heaton et al. (1994a) questioned the sensitivityesas clinical relevance of the
classifications based on composite scores. Neslegs, composite scores are convenient,
easy-to-calculate, and avoid multiple comparisargstaus correct for interdependence of
NCF measures (Réthelyi, Czobor, Polgar, et al.2p0Composite scores have been shown
to be adequately valid, diagnostically accurate, mactically useful in previous studies (for
example, Bottiggi et al, 2007, Keefe et al., 20@4ler et al., 2001, Kalkers et al., 2001). As
a result, composite scores are a commonly usedatatiof global NCF assessed by a

neurocognitive assessment battery.

Development of NCF6Z:

Among primary brain tumor patients with heterogarselesion locations, a
composite score was expected to allow deficitsitfiardnt measures to contribute equally to
the impairment index. Further, in clinical triatiss less complex to analyze a single outcome
measure. Based on the composite score methodsysbrvreviewed that derived the
average z-score from a battery of tests, we cdkdlhe “NCF6Z” score. NCF6Z is the

average of the individual z-scores of the 6 outcoar@ables (TMTA, TMTB, COWA,
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HVLTR-TR, HVLTR-DR, and HVLTR-DRECOG) of the CTBBelow is the formula used

to calculate NCF6Z:

HVLTRTR + HVLTRDR + HVLTDRECOG + COWA + TMTA + TMTB
6

NCF6Z =

There was an additional outcome variable (BD) ier CTBE. Thus, the CTBE generated a

composite score called NCF7Z. Below is the fornuded to calculate NCF7Z:

HVLTRTR + HVLTRDR + HVLTDRECOG + COWA+ TMTA+ TMTB + BD
7

NCF7Z =

Validation Criteria for NCF6Z:

The standard core comprehensive neuropsychologgsaissment battery used at The
University of Texas MD Anderson Cancer Center (UTMIX) for clinical care of brain
tumor patients is represented in Table 2. The @h@&the CTBE were derived from this

battery.
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Table 2. List of Measures in the CTB and CompreiverBattery

10

Domain Comprehensive Battery  The CTB Abbreviatior
Attention WAIS-III Digit Span DS
Processing Speed WAIS-III Digit Symbol DSym
Trail Making Test—Part A Trail Making Test—PafMTA
A
Executive Trail Making Test—Part BTrail Making Test—ParfTMTB
Function Controlled Oral Word B COWA
Association Controlled Oral Word
WAIS-III Similarities Association SIM
Learning Hopkins Verbal Learning Hopkins Verbal Learning HVLT-R TR
Test—Revised Total Test—Revised Total
Recall Recall
Memory Hopkins Verbal LearningHopkins Verbal Learning
Test—Revised Test—Revised
Delayed Recall Delayed Recall HVLT-R DR
Delayed Recognition Delayed Recognition HVLT-R
DRECOG
Visuospatial WAIS-III Block Design BD
Function
Motor Dexterity Lafayette Grooved
Pegboard Peg-D
Dominant Peg-ND
Non-Dominant
Language Boston Naming Test BNT
Visual Naming Test VNT
Token Test Token Test
Gross Motor Grip Strength
Function Dominant Grip-D
Non-Dominant Grip-ND

Based on the wider scope and greater number ofuresasf the comprehensive
battery, it is expected that the comprehensiveebafirovides a relatively more accurate
impairment status of brain tumor patients. Todkent that the CTB coincides with the
comprehensive battery, the CTB is likely to provatlequate data on the neurocognitive
condition of the patients. This would establisitecion related validity of the CTB. Thus,

we obtained a composite score (NCFTOTALZ) for ttamdard core comprehensive battery
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to compare the CTB against the criterion of thed&ad core comprehensive battery. We
hypothesized that (H1): NCF6Z and NCF7Z would dateesignificantly with
NCFTOTALZ.

Additional evidence for criterion related validiby the CTB can be obtained by
examining the relationship between NCF6Z and tucharacteristics of grade, laterality, and
caudality. In this regard, based on previous stuffior example, Miotto, Junior, Silva, et al.,
2011) that have found significant differences infN@&rformances of low grade and high
grade glioma patients, we hypothesized that (H&jiepts with high grade tumors
(Glioblastoma Multiforme, Anaplastic AstrocytomadeAnaplastic Oligodendroglioma)
would obtain lower NCF6Z scores when compared és¢twith low grade tumors. Given
that the CTB is heavily verbally based, we hypattessthat (H3): patients with left
hemisphere tumors would obtain significantly IoW&2F6Z scores compared to patients
with right hemisphere tumors. However, since ttheiteoon of BD would likely identify more
cognitive deficits in patients with right hemispleumor, (H4): we hypothesized that
NCF7Z will not be significantly different based taimor laterality. Additionally, we
hypothesized that (H5): patients with anterior tusneould obtain significantly lower
NCF6Z compared with those with posterior tumorsileviH6) NCF7Z would not
significantly differ between patients with anterard posterior tumors.

We expected that NCF6Z would be sensitive to cordarbnditions that may be the
result of tumor, treatment, or both. Given thatses are a common neurologic
comorbidity that affects one third of the patiewith primary brain tumors (Rajneesh &
Binder, 2009) and, in fact, are the first symptdbm@in tumors in 30 to 90% of patients

(Rasmussen, 1957), we investigated the relatiortstiween tumor-related epilepsy and
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NCF6Z. Previous evidence has shown that amongylage glioma patients, tumor-related
epilepsy burden is associated with reduced NCRimmag in all NCF domains (Klein,
Engelberts, van de Ploeg et al., 2003). Thus, ypethesized that patients with history of
tumor-related epilepsy would obtain lower NCF6Z &i@F7Z scores compared to patients
without tumor-related epilepsy (H7).

Concurrent validity related evidence can be obtaimginvestigating relationships
between NCF6Z and measures of functional statusHeadtive distress. The Karnofsky
Performance Scale (KPS) and Functional Independdieesure (FIM, 1987) are clinician
report measures of functional status that have beeimonly used with primary brain tumor
patients. Several studies assessing functionabmgs of interventional strategies with
primary brain tumors have utilized the KPS andRhd to evaluate clinician-reported
functional changes (for example, Marciniak, Sli8ajll, et al., 1996, Weitzner, Meyers, &
Byrne, 1996). We hypothesized that NCF6Z and NCR#dld significantly correlate with
the KPS score (H8), and that NCF6Z and NCF7Z weigdificantly correlate with the FIM
score (H9).

Lastly, primary brain tumor patients report depi@ssnd anxiety in reaction to the
disease (Litofsky, Farace, Anderson et al., 200@jekson, Taylor, & Whittle, 1999).
Specifically, Taphoorn et al. (2004) observed tigh grade glioma patients report higher
levels of depression, panic, anxiety, and fearyriglcompared to low grade glioma patients.
Commonly observed mood disturbances in primarynlianor patients may impact
attention and motivation (Anderson et al., 1999%)icl may subsequently reduce
performance on several other cognitive domains/iesits complex nature, we explored the

relationship of NCF6Z and NCF7Z with affective dests among primary brain tumor
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patients. It was expected that NCF6Z and NCF7Zldvoarrelate negatively with self-report

of affective distress.

Assessing the Diagnostic Accuracy of the CTB:

Assessing the diagnostic accuracy of a measutgresca criterion against which the
decision regarding the presence or absence obtgiton of interest is made. In many
cases, a previously established test is used aiabeostic standard (for example, Miller et
al., 2001), along with base rates of the conditibimterest. In some other cases, alternative

approaches, such as clinician ratings (for exan@éeey et a., 2004a), have been utilized.

Problems with Base Rates as the Diagnostic Standard:

Base rates of NCF impairment among primary brainadr patients are currently
unknown. Several clinical, methodological, andcpical difficulties present themselves in
obtaining accurate base rates of NCF impairmeptimary brain tumors. Among untreated
primary brain tumors, cognitive deficits may beaasated with focal signs (such as aphasia)
due to tumor invasion, generalized symptoms (sieftve palsy, headaches) related to
cerebral edema and increased intracranial pregBerengelis, 2001), comorbid condition(s)
(tumor-related seizure disorder), treatment ofdbw@orbid condition(s) (antiepileptic
medicines), emotional distress associated witmaearadiagnosis, or a combination of any of
the above factors (Taphoorn et al., 2004, Wefal.e2004). Moreover, NCF impairment
among primary brain tumor patients is further iefiaed by such factors as rate of tumor

progression (Bosma, Vos, Heimans, et al. 2007, kegeal., 2000).
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Rudimentary estimates suggest that 10% patientslaut grade glioma and 40% to
60% patients with high grade gliomas present withcemalities of mental status
(DeAngelis, 2001). Heimans & Reijneveld (2012)ared that among high grade glioma
patients, severe NCF impairments have been obsenasimany as 89% patients. Many
patients with low grade glioma also present withANf&clines (Heimans et al., 2012).
Several studies have shown that attention, praegsgieed, memory, and executive function
are some of the domains that are commonly impdngdatain tumors (For example, Wefel
et al., 2004, Klein et al., 2003). However, acteitzase rates of global NCF as well as
domain specific impairment are lacking. In additfioo NCF measure or battery has been
uniformly and consistently used in research studiddCF among primary brain tumor
patients and various studies have used differerft M&truments (Fox et al., 2006, Weitzner
et al., 1997). As a result, for the purposes efgtesent study, clinician ratings were used as

the diagnostic standard against which the accusdbyCF6Z was assessed.

Clinician Ratings of Impairment:

Clinician ratings of global NCF status consider thll range of test scores generated
by the NCF battery. Thus, clinician ratings areonfuseful in detecting impairment based on
multiple measures of an NCF battery. Ratings atmlly obtained from two or more
clinicians extensively trained in using the clificatings system. Detailed, explicit,
manualized, and standardized guidelines for assygratings decreases subjectivity in
judgment, thus increasing the inter-rater reli&pibif ratings (Garb & Schramke, 1996).
Recruiting clinicians with diverse level of experees increases the external validity of the

ratings (Garb et al., 1996).
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Heaton, Grant, Butters, et al. (1995) obtainedddiinician ratings of the
neurocognitive status of HIV+ patients using a fpoét scale ranging from one (above
average) to nine (severely impaired). Ratings vassigned for each of seven
neurobehavioral domains as well as for global neagaitive status. A cut-off score of five
was used to indicate definite mild cognitive impa@nt (Heaton et al., 1995). If patients
exhibited impairment in two or more domains, therevclassified as neurocognitively
impaired. Heaton, Kirson, Velin, et al. (1994g)aeed excellent inter-rater reliability of the
clinical rating systemi(= 0.84). In addition, Carey et al. (2004a) repdra multitude of
studies that have established the reliability aadlity of clinical ratings both for diagnostic
purposes and for detecting milder neurocognitiveainment in various neurological and
medical conditions (for example, Filley, Heatonpfipson, et al., 1990; Grant, Adams, &
Reed, 1979; Grant et al., 1978, 1987a, 1987b; Gkadton, McSweeney, Adams, et al.,
1982; Heaton, Grant, Anthony, et al., 1981; Heatmant, & Matthews, 1991; Heaton,
McSweeney, Grant, Adams, et al., 1983; Heaton,dxel§homson, et al., 1985; Heaton et
al., 1994a, 1995; Reitan, 1974; Ryan, Adams, Heatoal., 1991). Thus, although Carey et
al. (2004) report that clinician ratings have begticized for being subjective and
logistically difficult, clinician ratings are commty used to detect neurocognitive
impairment. When compared with other methods ¢td daduction that involve group
means, clinician ratings have been found to bersupand of higher sensitivity.

In the present investigation, assessed againsiitheian ratings, sensitivity,
specificity, positive predictive value (PPV), anebgative predictive value (NPV) were
calculated and utilized as indicators of the diagiccaccuracy of NCF6Z and NCF7Z.

Sensitivity is the proportion of cases that a igshtifies as positive, when in fact, the
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condition of interest is present (Zweig et al., 3P9In contrast, specificity refers to the
proportion of cases that a test identifies as megiavhen in fact, the condition of interest is
absent. PPV is the proportion of cases in whiehcthndition of interest is present, when the
test result is positive, while NPV is the propontiof cases in which the condition of interest
is absent, when the test results are also neg@weig et al., 1993). We hypothesized that
the CTB will have adequate sensitivity, specifiatyd further investigated the PPV, and
NPV (H10). We also hypothesized that the CTBE thélVe adequate sensitivity, specificity,
and further investigated the PPV, and NPV (H11hewthe CTB would be utilized as a
screening instrument, where identifying patientdwWMCF impairment is of chief
importance, high sensitivity and NPV would be maesirable over specificity and PPV.
When used as an outcome measure, high PPV mayfsned.

We assessed the sensitivity, specificity, PPV, MRY of the CTB and CTBE across
composite scores-0.50, -0.60, -0.75, -1.00, -1.25, and -1.50. @osite score of -0.50 was
studied because it is roughly equivalent to anayeiscore of -1.0 on approximately one-
half of the component measures (Carey et al., 2008anilarly, z-scores -1.50 on a
neurocognitive test are traditionally used to idfgnipaired ability in clinical settings.

We further generated Receiver Operating Charatite(ROC) curves for NCF6Z,
NCF7Z, and NCFTOTALZ (McNeil & Hanley, 1984). TIROC curves afforded us the
ability to assess diagnostic accuracies of the asitg scores across a range of cutpoints.
Furthermore, using the Youden Index (Youden, 1988)) known as théstatistic, optimal
cutpoints that provided ideal sensitivity, spedificPPV, and NPV were identified. We then
compared the ROC curves of the composite scoreg asea under the curve (AUC)

(Hanley & McNeil, 1983).
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M ethod

Participants:

The Section of Neuropsychology at The UTMDACC (Hous TX) has followed a
cohort of primary brain tumor patients longitudigakith detailed clinical and
neuropsychological data at various times across dis®=ase course. These data have been
maintained in an ongoing electronic database. &yrof a retrospective chart review has
been obtained from the institutional review bodrdlee UTMDACC (Houston, TX).

For the present study, baseline neuropsychologicalation data of primary brain
tumor patients were pooled from the archival databdatients with primary brain tumors,
who did not have prior history of surgery, chemao#ipg, or radiation therapy, were selected.
Initial sample consisted of 400 patients. Frors gample, patients with primary brain
tumors predominantly in the cortical regions wezkested. Patients were excluded if they
had multifocal, bilateral tumors, a prior historfyradiation or chemotherapy for a systemic
cancer, or fewer than 8 years of education. Aftese exclusionary criteria were applied, the

final sample was comprised of 260 patients.

Measures:

In the archival database, neurocognitive test dditacian report measure, and self-
report symptom measure data of all patients ardilyeavailable. For the CTB and the
CTBE, scores from the select measures were used éd®e 1). The composition of the

comprehensive clinical battery is also presentethinle 1.
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Procedure;

Neurocognitive Test Data:

The neuropsychological test scores in the eletrdatabase were converted to
normative scores using published normative datadas age, and on education, gender, and
handedness, where appropriate. Certain normatstersas were chosen based on previous
research on psychometric properties and practicttslity of those normative systems. See
Table 33 for further details. After obtaining n@tive data, all standardized scores were
converted inta-scores. In order to keep the direction of intetation consistent across
component subtestsscores of TMTA, TMTB, Peg-D, and Peg-ND were npliéd by -1
such that higher z-scores on these measures navai@aguperior performance on the
neurocognitive measure, and vice versa. Standamson the component tests of the CTB
and the CTBE were assessed for outliers. Intetifpiaange (IQR, @- Q,) was used to
identify outliers operationalized as z-scores thatte greater (&+ 1.5*IQR) or less (@-
1.5*1QR) than 1.5 times the IQR for each componamtable (Ghasemi & Zahediasl, 2012,
Cousineau & Chartier, 2010, Peat & Barton 2005)ctvivere then trimmed (n = 28).

NCF6Z was then calculated by addingcores of the six CTB subtests (see Table 2)

and dividing the total by 6, such that:

HVLTRTRSD + HVLTRDRSD + HVLTDRECOGSD + COWASD + TMTASD + TMTBSD

NCF6Z =
6

For the CTBE, the B2-score was added to the 6 original scores. Tla s then

divided by 7, thus generating NCF7Z. Thus,
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NCF77 — HVLTRTRSD + HVLTRDRSD + HVLTDRECOGSD + COWASD + TMTASD + TMTBSD + BDSD
- 7

BD scores were not available for 11 patients framftnal sample (n = 260). As a
result, sample size for NCF7Z was 249.

For the comprehensive clinical batteryscores of all neurocognitive tests
administered were summed. This sum was dividetthéyotal number of outcome scores to
obtain an averagescore that was called NCFTOTALZ. In the presempgle, n = 115
patients were administered the Boston Naming TeiST{, n = 130 were administered the
Visual Naming Test from the Multilingual Aphasiadrination, and n = 15 were not
administered any naming test. Patients who redeBMT were included in the final sample
that constituted NCFTOTALZ. Thus, final sampleesiar the comprehensive battery was
96.

Scores on self-report measures of symptoms weoeaakslable in the database.
Given that population norms are available for thédS scores on STAI-T and -S were

converted to standard scores. For the BDI-II, saares were used for further analyses.

Tumor Characteristics, Tumor-related Epilepsy, and Clinician-Report Measures of Patient
Functional Satus:

Data on tumor grade, laterality, and caudalityenarailable in the electronic
database.Similarly, information on seizure history was aisoluded in the database and
was readily available for use. Two clinician-repmeasures of patient functional status, the

KPS and the FIM (1987) were included in the archildabase. The patients’ physician
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determined the KPS, while the neuropsychologistrdeined the FIM scores based on direct

patient observation and interview.

Clinician Ratings of Neurocognitive I mpairment:

Clinical ratings of neurocognitive impairment wetaained from two experienced
clinical neuropsychologists. In order to avoidsialinicians were blinded to patient identity
and had access only to the relevant patient dempbmgs which included: study ID, dates of
birth, age, gender, handedness, years of educagaure status, and information on tumor
characteristics. Two clinical ratings were obtdifim both clinicians for each patient:

domain specific ratings of impairment and globab&inment status.

Domain specific ratings of impairment:

For each neurocognitive domain (see Table 3)iotdins were requested to provide
ratings of impairment on a 9-point scale (fromldowe average to 9: severely impaired). A
cut-off score of 5 was assigned to indicate definiild impairment, while a score of 4

indicated borderline neurocognitive status.
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Table 3. Neurocognitive Measures Classified by Dasm#or Clinician Ratings

21

Domain Neurocognitive Measures
Attention DS
Executive Function TMTB

COWA

Sim
Learning HVLT-R TR
Memory HVLT-R DR

HVLT-R DRECOG
Visual-Spatial Performance BD

Motor Dexterity
Processing Speed

Language

Gross Motor Function

Peg-D/Peg-ND
(most impaired performance)
DSym
TMTA
BNT
VNT
Token Test
Grip-D/Grip-ND
(most impaired performance)

Global Impairment status:

Patients whose clinical ratings exhibited impainin@omain ratings of 5) in more

than one neurocognitive domain were given NCF stafiglobal impairment.” Thus,

global impairment status was provided on a binaajes(global cognitive impairment

present or global cognitive impairment absent)r tRose cases where the global impairment

status ratings were discrepant, we obtained rafnogs a third clinical neuropsychologist,

which were then used as final ratings for thoserdjzant cases.

See appendix A for detailed guidelines provideth&oclinicians in order to assign

domain-specific and global ratings of impairment.
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Satistical analyses:

Statistical analyses were performed using PASWsSt, release version 18.0.0 for
Windows (2009, SPSS Inc., Chicago, IL), MedCalc\éndows version 12.2.1 (2012,
MedCalc Software Mariakerke, Belgium), and MS ExoelWindows (2010, Microsoft
Corporation, Redmund, WA).

Distributions of composite scores were assesseddionality using the graphical
(histogram, boxplots) and numerical (Kolmogorov-8rav test with Lillefors correction,
skewness, and kurtosis) methods.

Pearson product moment correlation coefficienteewmsed to assess the concordance
of each of NCF6Z and NCF7Z with NCFTOTALZ. To examthe criterion and concurrent
validity related evidence for the CTB, Spearmaaiskrorder correlationg) were calculated
between NCF6Z and the KPS and the FIM.

Independent-sampledests and unbiased effect sizdsHedges & Olkin, 1985)
were calculated to evaluate the effects of tumader laterality, and caudality as well as
seizure history on NCF6Z. The effect of tumor fali¢gy on NCF7Z was also examined
using independent-sampletests and unbiased effect sizes. Additional postanalyses
were conducted in some cases.

Blinded clinician ratings of domain specific impagnts and global impairment
status of all patients were obtained from two baandified clinicians. We calculated
weighted kappa indexy) to assess the inter-rater agreement betweerothaid specific
ratings. For 60 patients, global impairment stasiisigs were discrepant between two

clinicians. For patients who were given discrepatihgs (n = 60), ratings of domain
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specific impairment and global impairment statusen@btained from a third independent
clinician and used as the final ratings.

In order to assess diagnostic accuracy of NCF6Z2\NEDE7Z, we calculated
sensitivity, specificity, PPV, and NPV (Zweig et,d993) at z-scores-0.50, -0.60, -0.75, -
1.00, -1.25, and -1.50 against the standard oicédin ratings of global impairment status.
We also generated ROC curves (McNeil et al., 18fley et al., 1983) for each of NCF6Z
and NCF7Z to determine the ideal cutpoints at withehscores would exhibit optimal

diagnostic accuracy.

Results

Sample Characteristics:

The average age of the sample was 45.7 years.thdgffatients (50.0%) were male
and 88.8% were right handed. Average years ofaducwere 14.97. The most common
ethnic background was Caucasian (91.2%). Abouithwd (65.4%) of the patients were
diagnosed with high grade glioma. Among high grglitama cases, 54.7% patients were
diagnosed with glioblastoma multiforme (GBM), 43.5¢th anaplastic astrocytoma (AA),
and 1.7% with anaplastic oligodendroglioma (AOumbr was located in either the frontal

or the temporal lobes among 89.2% of the patiesgs Table 4).
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Table 4. Demographic and Clinical Characteristiche Sample

Variable n =260
Age (Years)

Mean (SD) 45.65 (13.95)

Range 18-77
Education (Years)

Mean (SD) 14.97 (2.43)

Range 9-20
Gender

Female 50.0%

Male 50.0%
Race

Caucasian 91.2%

African American 1.2%

Hispanic 4.6%

Asian 1.2%

Other 1.9%
Handedness

Right 88.8%

Left 8.8%

Mixed 2.3%
Grade

Low Grade Glioma 34.6%

Anaplastic Astrocytoma 28.5%

Anaplastic Oligodendroglioma 1.2%

Glioblastoma 35.8%
Tumor Location

Frontal Lobe 48.8%

Temporal Lobe 40.4%

Parietal Lobe 10.4%

Occipital Lobe 0.4%
Tumor Laterality

Left 65.6%

Right 34.4%
Tumor Caudality

Anterior 89.2%

Posterior 10.8%
Tumor-related Epilepsy

None 43.1%

Generalized 21.5%

Partial 30.8%

Other 4.6%

24



Assessment of Validity and Diagnostic Accuracylef CTB 25

Sample size, means and standard deviations ofadahb component tests of the

comprehensive battery are represented in Table 5.

Table 5. Performance on component subtests ofaimpiehensive battery

Measure Sample Size Mean SD p value

DS 260 -0.10 0.94 .076

DSym 260 -0.07 0.91 .239
TMTA 260 -0.01 0.97 .824
TMTB 260 -0.99 1.90 .0001
COWA 260 -0.71 1.17 .0001

SIM 252 0.03 1.01 .663
HVLT-R TR 260 -0.94 1.34 .0001
HVLT-R DR 260 -0.96 1.54 .0001
HVLT-R DRECOG 260 -0.63 1.40 .0001

BD 249 -0.02 0.92 .679

BNT 115 -0.76 1.14 .0001
Token Test 249 0.21 0.95 .001
Peg-D 251 -0.60 1.11 .0001
Peg-ND 244 -0.57 0.98 .0001
Grip-D 250 -0.53 0.91 .0001
Grip-ND 248 -0.43 0.97 .0001

T p value for one-sample t-test
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Table 6. Intercorrelations between measures o€timaprehensive Battery

TR1 DR1 DRECOGICOWA TMTA TMTB BD DS DSy Sim BNT Token GripD GripNOPegD

DR1 0.804
<.001

DRECOG10.486 0.566

<.001 <.001

COWA 0.345 0.287 0.207
<.001 <.001 .001

TMTA 0.193 0.215 0.151 0.072
.002 <.001 .015 .250

TMTB 0.382 0.316 0.308 0.213 0.411
<.001 <.001 <.001 .001 <.001

BD 0.314 0.347 0.277 0.157 0.249 0.439
<.001 <.001 <.001 .013 <.001 <.001

DS 0.342 0.272 0.177 0.289 0.120 0.286 0.190
<.001 <.001 .004 <001 .054 <.001 .003

DSy 0.371 0.328 0.233 0.20 0.406 0.465 0.359 0.282
<.001 <.001 <.001 .001 <.001 <.001 <.001 <.001

Sim 0.361 0.384 0.245 0.249 0.079 0.280 0.350 0.63mn2
<.001 <.001 <.001 <001 .211 <.001 <.001 <.0010%.0

BNT 0.284 0.334 0.218 0.263 0.016 0.157 0.234 0.04066 0.385
.002 <.001 .02 .005 .862 .093 .014 .116 .483 <.001

Token 0.277 0.309 0.177 0.222 0.10 0.360 0.308 30.84.37 0.263 0.315
<.001 <.001 .005 <.001 .114 <.001 <.001 <.001 .08D01 <.001

GripD  0.073 0.090 0.058 0.044 0.166 0.189 0.0774.0.231 0.028 0.178 0.106

.253 .155 .358 487 .009 .003 .238 .398 <.001 .66%0 .098
GripND  0.00 0.010 0.094 0.022 0.059 0.015 0.00839.@.092 0.055 0.154 0.028 0.633
999 .871 141 /30 .353 .818 .900 .536 .149 .3906 .665 <.001

PegD  0.133 0.140 0.073 0.13 0.269 0.314 0.266 04386 0.20 0.112 0.192 0.20 -0.26
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.035 .026 .252 .039 <.001 <.001 <.001 .027 <.0002. .243 .003 .002 .681
PegND .039 0.066  0.066 0.067 0.296 0.238 0.18980.0229 0.035 0.097 0.143 0.148 0.187 0.509
548 .304 .302 299 <.001 <.001 .004 .046 <.0096.5.316 .029 .022 .004 <.001
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Assessment of Normality of NCF6Z, NCF7Z, and NCFTOTALZ:
Distributions of NCF6Z, NCF7Z, NCFTOTALZ, and NCPRAZwere assessed and

found to comply with normal distributions.

Validity Related Evidence for the CTB:

Correlation with NCFTOTALZ:
NCF6Z (r = 0.92p <.0001) and NCF7Z (r = 0.9p,< .0001) correlated significantly
with NCFTOTALZ. As expected, NCF6Z and NCF7Z ctated significantly also with

each other (r = 0.99,<.0001), as shown in Table 6.

Table 6. Correlation between NCF6Z, NCF7Z, and NOFALZ

n Pearson’'s r p value
NCF6Z and NCFTOTALZ 96 0.919 <.0001
NCF7Z and NCFTOTALZ 96 0.922 <.0001
NCF6Z and NCF7Z 260 0.991 <.0001

Tumor Grade:

NCF6Z successfully distinguished between low amth lyrade tumors, in that
patients with high grade glioma (Me@psz = -0.86, SRcrsz = 0.98) obtained significantly
lower NCF6Z scoredfss) = 3.62,p < .0001, d= 0.49) compared to patients with low grade
gliomas (MeaRcresz = -0.42, SRcrsz = 0.81). Post-hoc analyses with Tukey’'s HSD
revealed that NCF6Z of GBM (Meggrsz = -1.01, SRcrsz = 0.99) patients was significantly
lower compared low grade glioma patienis<(.0001), but did not differ significantly from

NCF6Z of AA patientsff < .083). See Table 7 and Table 8.
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Similarly, patients with high grade gliomas (Mgagyz = -0.75, SRcrz= 0.90)
obtained significantly lower NCF7Z scorég4;) = 3.41,p<.001, d = 0.47) compared to
patients with low grade gliomas (Me@g;z= -0.36, SQRcrrz= 0.77). Post-hoc analyses
revealed that NCF7Z was significantly lowpr<{.0001) for patients diagnosed with GBM
(Meanycr7z = -0.88, SRcr7z= 0.90), when compared with low grade glioma pasie The
difference between NCF7Z scores of GBM and AA pasievas statistically not significant

(p<.118). See Table 7 and Table 8.

Table 7. Difference in Mean NCF6Z Scores (and NORF&sed on Tumor Grade

Tumor Grade Mean (SD) t value df p value Cohen’s d
NCF6Z LGG -0.42 (0.81) 3.62 258 .0001 0.49
HGG -0.86 (0.98)
NCF7Z LGG -0.36 (0.77) 3.41 247 .001 0.47
HGG -0.75 (0.90)

'Low Grade Glioma
2 High Grade Glioma
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Table 8. Further Assessment of Difference in Me&¥FBZ Scores (and NCF7Z) Based on

Tumor Grade

Tumor Mean (SD) F p Post-hoc Comparison of Tumor Gréde
Grade value
NCF6Z LGG' -0.42(0.81) 6.37 .0001 KA o A0 d GBM
AA?  -0.67(0.92) LGG .309 0.29 .975 0.18 .0001 0.65
AO®  -0.65(1.58) AA 1.00 0.02 .083 0.36
GBM* -1.01(0.99) AO 906 0.27
NCF7Z LGG' -0.36(0.77) 5.60 .001 AA o AO* d GBM*
AA?  -0.58(0.87) LGG .386 0.27 .947 0.24 .0001 0.62
AO®  -0.63(1.39) AA 1.00 0.04 .118 0.34
GBM* -0.88(0.90) AO 959 0.21

"Low Grade Glioma

2 Anaplastic Astrocytoma

3 Anaplastic Oligodendroglioma

*Glioblastoma Multiforme

4pvalue

Tukey's HSD was used for post-hoc analyses
“d refers to Cohen’'s d

Tumor Laterality:

Patients with left hemisphere tumor location (Megagz = -0.83, SRcrsz = 0.99)

obtained significantly lower NCF6Z scorégi)= 2.86,p < .005, d = 0.36) compared to

those with right hemisphere tumor location (Mga®z = -0.49, SRcrsz = 0.81). Similarly,

patients with left hemisphere tumor location (Mea#z = -0.73, SRcr7z = 0.93) obtained

significantly lower NCF7Zt(,14)= 3.03,p < .003, d = 0.38) compared to patients with right

hemisphere tumor location (Me@#7z = -0.41, SRcr7z= 0.73). See Table 9.
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Table 9. Difference in Mean NCF6Z Scores (and NCE¢dres) Based on Tumor Laterality

Tumor Laterality Mean (SD) tvalue df pvalue Cohen’'sd

NCF6Z Left -0.82 (0.99) 2.86 212 0.005 0.36
Right -0.49 (0.81)

NCF7zZ Left -0.73(0.93) 3.03 214 0.003 0.38
Right -0.41 (0.73)

Analyses of component scores of NCF7Z revealedHN&T-R-TR (t2s7)= 2.48,p<.014, d
= 0.33), HVLT-R-DR {42 = 3.66,p < .0001, d = 0.46), and COWA%7) = 3.02,p < .003,

d = 0.41) scores were significantly poorer amoniepgs with left sided tumor location. On
the other hand, HVLT-R-DRECOG£7) = 0.66,p< .509, d = 0.09), TMTAt(s7y= 1.71,p
<.089, d = 0.22), TMTBt(s7= 0.42,p<.672, d = 0.06), and BDfps)= 0.56,p< .577,d =
0.08) did not differ significantly between rightdaleft tumor locations. See Table 10.
Furthermore, a one-sample t-test revealed that®ibes (Mean = -0.02, SD = 0.92) in the

current sample were not significantly differetaty= 0.41,p < .679) from O.
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Table 10. Difference between Component ScoresGHF T Based on Tumor Laterality

NCF Measure Tumor  Mean (SD) tvalue df pvalue Cohen’'s
Laterality d

HVLT-R-TR Left -1.09 (1.39) 2.48 257 .014 0.33
Right -0.66 (1.19)

HVLT-R-DR Left -1.19 (1.68) 3.66 242 .0001 0.46
Right -0.54 (1.12)

HVLT-R-DRECOG Left -0.68 (1.45) 0.66 257 .509 0.09
Right -0.56 (1.33)

COWA Left -0.87 (1.20) 3.02 257 .003 0.41
Right -0.41 (1.05)

TMTA Left -0.08 (0.97) 1.71 257 .089 0.22
Right 0.13 (0.96)

TMTB Left -0.92 (1.97) 0.42 257 672 0.06
Right -1.03 (1.87)

BD Left -0.05 (0.97) 0.56 204 577 0.08
Right 0.02 (0.82)

Tumor Caudality:

NCF6Z {2s8)= 0.37,p<

711, d = 0.08) and NCF7Zz = 0.51,p< .612, d = 0.11)

did not differ significantly between anterior analsgerior tumor patients (see Table 11).

Table 11. Difference in Mean NCF6Z Scores (and NCE¢ores) Based on Tumor

Caudality.
Tumor Caudality Mean (SD) tvalue df pvalue Cohen’sd
NCF6Z -0.71 (0.96)  0.37 258 0.711 0.08
-0.64 (0.81)
NCF7zZ -0.62 (0.89) 0.51 247 0.612 0.11

-0.53 (0.78)
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Further Analyses of Relationship between NCF6Z and Tumor Location:

As many as 89.2% of the present sample (n = 238)dieggnosed with primary tumor
location in either frontal or temporal lobes. Thwe assessed if NCF6Z differentiated
between the two anterior lobes. NCF6Z was unabtistinguish (230 = 1.63,p<.105, d =
0.22) between frontal (Measrsz = -0.62, SRcrsz = 0.90) and temporal (Meggrsz = -0.83,

SDncrez = 1.02) tumor locations. NCF7Z exhibited simii@nd of results (see Table 12).

Table 12. Difference in Mean NCF6Z Based on Antefiemor Location

Tumor Location Mean (SD) t value df p value Cohen’s d

NCF6Z Frontal -0.62 (0.90) 1.63 230 .105 0.22
Temporal -0.83 (1.02)

NCF7Z Frontal -0.55 (0.83) 1.28 220 .203 0.18
Temporal -0.71 (0.96)

We further assessed the relationship between N@R6@4aterality of tumor location
for anterior tumors using a 2 x 2 between-subjéctalysis of Variance (ANOVA). Main
effect for tumor location (frontal versus temponahs non-significant: (fr 20g< 1.
Significant main effect for tumor laterality;F2g8= 8.30,p < .004 suggested that among
patients with anterior tumor location, patientshwéft-sided tumors (Mea@grsz = -0.83,
SDncrsz = 0.99) performed significantly worse than patsewtith right sided tumors
(Meancrsz = -0.48, SRcrsz= 0.84). Lastly, a significant tumor locationuator laterality
interaction effect: fr 228)= 5.25,p <.023 suggested that NCF6Z scores of patientslefith
temporal tumors (Meagrsz = -1.01, SRcrsz = 1.04) were significantly lower than those of
patients with right temporal and frontal tumor lbeas, while patients with right temporal
tumor location performed significantly better (Mgagz = -0.32, SRcrsz=0.78). See

Table 13, Table 14, and Figure 1.
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NCF7Z demonstrated a similar pattern of resultainvffect for tumor location

(frontal versus temporal) was non-significant: E,<vhile that for tumor lateralityF»18)=

10.13,p < .002 was significant, suggesting that among petiesith anterior tumor location,

patients with left-sided tumors (Maa7z = -0.75, SRcrrz= 0.93) performed significantly

worse than patients with right sided tumors (Meafy = -0.39, SRcr7z= 0.76). Interaction

between tumor location x tumor laterality was siigant: R1, 218= 5.97,p<.015. Thus,

NCF7Z scores of patients with left temporal tum@Aeancrzz = -0.90, SRcr7z = 0.99)

were significantly worse relative to scores of gats with right temporal and frontal tumor

locations. Patients with right temporal tumor loma performed significantly better

(Mearnycrrz=-0.19, SRcr7z= 0.63). See Table 13, Table 14, and Figure 2.

Table 13. Difference in NCF6Z (and NCF7Z) based amor Laterality x Tumor Location

Source SS df MS F value pvalue
NCF6Z Tumor Location 0.13 1 013 0.15 .699
Tumor Laterality 7.29 1 7.29 8.30 .004
Location x Laterality 4.61 1 461 5.25 .023
Error 200.25 228 0.88
Total 212.71 231
NCF7Z Tumor Location 6.26 1 6.26 0.00 .993
Tumor Laterality 7.64 1 764 10.13 .002
Location x Laterality 4.50 1 450 5.97 .015
Error 164.33 218 0.75
Total 175.85 221
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Table 14. Mean NCF6Z and Mean NCF7Z based on Tlatarality in Anterior Tumor

35

Location
Mean SD
NCF6Z Frontal Right -0.57 0.86
Left -0.65 0.93
Temporal Right -0.32 0.78
Left -1.01 1.04
NCF7Z Frontal Right -0.50 0.81
Left -0.59 0.86
Temporal Right -0.19 0.63
Left -0.90 0.99
0 .
Frontal Temporal
0.2 -
0.4 -
S
5-0.6 -
=2
0.8 -
-1 7 —Left
Right
-1.2 -

Figure 1. Tumor Location x Tumor Laterality Intetiaa: NCF6Z
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Figure 2. Tumor Location x Tumor Laterality Intetiaa: NCF7Z

Tumor-related Epilepsy:

NCF6Z scores of patients with tumor-related epyefddeancrsz = -0.67, SRcrsz =
0.92) did not differ significantlyt{sg) = 0.75,p < .456, d = 0.09) from patients without
tumor-related epilepsy (Meggrsz = -0.76, SRcrsz = 0.98). Similarly, NCF7Z did not
differ significantly ¢47)= 0.58,p < .564, d = 0.08) between patients with tumor-relate
epilepsy (Meagcr7z = -0.58, SQRcr7z = 0.87) and patients without tumor-related epyeps

(MeanNCF7Z = -0.65, SDNCF7Z = 0.89). See Table 15.



Assessment of Validity and Diagnostic Accuracylef CTB 37

Table 15. Difference in Mean NCF6Z Scores (and NCE¢cores) Based on Tumor-related

Epilepsy
TrE" Mean (SD) t value df p value Cohen’s d
NCF6Z Present -0.67 (0.92) -0.75 258 456 0.09
Absent -0.76 (0.98)
NCF7Z Present -0.58 (0.88) -0.58 247 564 0.08
Absent -0.65 (0.89)

Tumor-related Epilepsy

Given that tumor-related epilepsy is more commopragriow grade glioma patients
(Rosati, Tomassini, Pollo, et al., 2009, Kleinlet2003), we then assessed a subgroup of
patients diagnosed with low grade glioma (n = 9@nong patients with low grade glioma,
NCF6Z {(gs) = 2.46,p<.016, d = 0.53) was significantly lower in patemtith tumor-related
epilepsy (Meagcrsz = -0.60, SQRcrsz = 0.86) compared to patients without tumor-related
epilepsy (Meagcrsz = -0.19, SQRcrsz = 0.68). Post-hoc analyses with Tukey's HSD shibwe
that patients with partial seizures obtained sigaiftly lower NCF6Z |f < .025) compared to
patients without tumor-related epilepsy (see TdlbleTable 17, and Table 18). NCF6Z did
not differ (t = 0.73p < .466) among GBM patients with tumor-related egliepompared to
GBM patients without tumor-related epilepsy.

NCF7Z demonstrated a similar trend in that patientis low grade glioma (n = 87),
in that NCF7Z was significantly lowetds) = 2.28,p < .025, d = 0.50) in patients with
tumor-related epilepsy (Meage7z = -0.52, SRcr7z = 0.83) compared to patients without
tumor-related epilepsy (Megge7z = -0.15, SRcr7z = 0.65). Post-hoc analyses with Tukey’s

HSD showed that patients with partial seizuresiabtasignificantly lower NCF7Zp(<
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.031) compared to patients without tumor-relateteppy. NCF7Z did not differ (t = 0.5p,
<.609) among GBM patients with tumor-related e@iepompared to GBM patients without

tumor-related epilepsy (see Table 16, Table 17, Tadde 18).

Table 16. Further Assessment of Difference in Me&#6Z Scores (and NCF7Z Scores)

Based on Tumor-related Epilepsy among Low Graden@i Patients

TrE" Mean (SD) t value df pvalue  Cohen'sd

NCF6Z Present -0.60 2.46 88 .016 0.53
(0.86)

n=290 Absent -0.19
(0.68)

NCF7z2 Present -0.52 2.28 85 .025 0.50
(0.83)

n =387 Absent -0.15
(0.65)

"Tumor-related Epilepsy

Table 17. Difference in Mean NCF6Z Scores (and NCE¢cores) Based on Tumor-related

Epilepsy among Low Grade Glioma Patients

TrE" Mean (SD) F p value

NCF6Z Absent -0.19 (0.68) 3.15 .029
Partial -0.75 (0.88)
General -0.50 (0.75)
Other -0.04 (1.15)

NCF7zZ Absent -0.15 (0.65) 3.14 .030
Partial -0.67 (0.82)
General -0.41 (0.76)
Other 0.08 (1.05)

"Tumor-related Epilepsy
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Table 18. Post-hoc Comparisaf Difference in Mean NCF6Z (and NCF7Z Scores)dghs

on Tumor-related Epilepsy among Low Grade Gliom@eRts

TrE? Partial ¢ General ! Other d
NCF6Z Absent .025 0.71 .504 0.43 .984 0.16
Partial .733 0.31 341 0.69
General 713 0.47
NCF7Z Absent .031 0.71 .651 0.37 .932 0.26
Partial .683 0.33 .240 0.80
General .639 0.53

"Tumor-related Epilepsy

2Tukey's HSD was used for post-hoc analyses
3pvalue

*d refers to Cohen’s d

Clinician-report measures:

Distributions of KPS and FIM were not normal. Th8pearman’s rank order
correlations ) were used to derive coefficients of associatibNICF6Z significantly
correlated with KPSp(= 0.39,p <.0001) and the FIMp(= 0.46,p <.0001). NCF7Z also
correlated significantly with both KP$ € 0.39,p<.0001) and FIM¢ = 0.47,p<.0001).

See Table 19.

S f-reported measures of Affective Distress:

BDI-1l and STAI-T were not normally distributed. idlribution of STAI-S was
normal. BDI-Il, STAI-T, and STAI-S did not corrédasignificantly with NCF6Z. NCF7Z
also demonstrated a similar pattern of resultee Tdble 19.

Further analyses showed that as many about 79%e gfdtients reported only

minimal depressive symptomatology. Similarly, 4p&tients reported their present anxiety
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levels to be average or less, while 84% patiemisrted that their anxiety levels are
generally within the average range or less (see

Table20).

Table 19. Correlation between NCF6Z (and NCF7Z &joand KPS, FIM, BDI-Il, STAI-S,

and STAI-T
n Correlation Coefficient p value
KPS 221 0.389 .0001
FIM 254 0.463 .0001
NCF6Z BDI-II 126 -0.13¢ 144
STAI-S 62 -0.202 115
STAI-T 62 -0.212 .098
KPS 213 0.399 .0001
FIM 245 0.476 .0001
NCF7Z BDI-II 62 -0.143 117
STAI-S 62 -0.204 112
STAI-T 122 -0.219% .088

!Spearman’g
2pearson’s Product Moment Correlation Coefficient r

Table 20. Frequency Analysis of BDI-Il, STAI-S,a8TAI-T

BDI-II' (n = 126) STAI-S STAI-T?
% Patients % Patients % Patients
Minimal 78.6 High 54.8 High 16.1
Mild 12.7 Low 45.2 Low 83.9
Moderate 7.9
Severe 0.8

'BDI-Il score: 0-13 = Minimal, 14-19 = Mild, 20-28 Moderate, 29-63 = Severe
High Anxiety was indicated by a score of 40 or mgBpielberger et al., 1970).
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Clinician Ratings of Impairment:

Two types of clinician ratings were obtained—donspecific ratings of impairment
(obtained on a 9-point scale for each NCF doma&e,Table 3 and Appendix A) and global
impairment status (based on domain specific ratamgsobtained on a binary scale of present

/ absent, see Appendiy.

Domain Specific Ratings of Impairment:

Inter-rater agreements between domain specifingatittilizing the scores of the 260
patients in the final sample were obtained usingited kappa index with linear weights
(Kraemer, Periyakoil, & Noda, 2002). Very goocesigth of agreement (Altman, 1991) was
observed between ratings provided by both clingian the domains of learningi(= 0.97),
memory (v = 0.88), attentionw; = 0.98), languagey = 0.88), visuospatial functioningy(
= 0.99), gross motor functioningi(= 0.94), and fine motor dexteritwi(= 0.91). For the
domains speed of processing € 0.67) and executive functioni(= 0.65), strength of

agreement was good (Altman, 1991). See Table 21.

Table 21. Inter-rater Agreement for Domain Sped®atings of NCF Status

Cognitive Domain n Weighted Kappa 95% Confidence
Index Interval
Learning 260 0.974 0.962 to 0.978
Memory 260 0.876 0.850 to 0.903
Processing Speed 260 0.673 0.597 t0 0.749

Attention 260 0.982 0.960 to 1.000
Executive Function 260 0.649 0.601 to 0.698
Language 255 0.876 0.842 to 0.909
Visuospatial Function 253 0.991 0.978 to 1.000
Gross Motor Function 256 0.938 0.91 to 0.960

Fine Motor Dexterity 258 0.912 0.878 t0 0.946
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Inter-rater differences between domain specifimgst were non-significant for all
NCF domains except processing speggo(= 4.87,p < .0001, d = 0.20), memoryso) =
2.56,p<.011, d = 0.04), gross motor functidpds) = 2.44,p<.015, d = 0. 03), and fine
motor dexterity {258 = 2.31,p<.022, d = 0.04). However, all effect sizes ofetiénces

between domain-specific clinical ratings were sm&ée Table 22.
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Cognitive Domain Mean (SD) t-value df pvalue Cohen'sd
Leaning Clinician 1  3.67 (2.35) 1.15 260 .252 0.01
Clinician 2 3.69 (2.39)
Memory Clinician 1 4.11(2.73) 2.56 260 011 0.04
Clinician 2  4.00 (2.46)
Processing Speed  Clinician1 2.08 (1.23) 4.87 260 0001 0.20
Clinician 2  2.32 (1.21)
Attention Clinician 1 2.15 (0.98) 0.90 260 .367 D.0
Clinician 2  2.13 (0.96)
Executive Function Clinician1 3.82 (2.82) 0.62 260 .539 0.02
Clinician 2  3.87 (2.16)
Language Cliniclan1  2.84 (2.05) 1.56 255 120 0.02
Clinician 2  2.89 (1.95)
Visuospatial Cliniclan1  2.21 (1.50) 1.34 253 180 0.16
Function
Clinician 2  2.01 (0.98)
Gross Motor Cliniclan1  3.09 (1.75) 2.44 256 .015 0.03
Function
Clinician 2  3.14 (1.71)
Fine Motor Cliniclan1  3.46 (1.98) 2.31 258 .022 0.04
Dexterity
Clinician 2 3.55 (2.02)

Global Impairment Status:

Strength of agreement was moderate 0.53) between the global impairment status

ratings provided by both clinicians (Landis & Kodi®77).

For 77% of the cases, the

clinicians provided concordant ratings. This m@ftegreement was consistent with that found

in other studies using two or more raters (for egi@nWoods et al., 2004). Nevertheless,

ratings of global impairment were discrepant fomasy as 23% cases and questions may be

raised about the reliability of clinician ratingsdaimpact on assessment of diagnostic

accuracy of NCF6Z and NCF7Z.
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However, other studies (for example, Woods e28l04, Heaton et al., 1994a) have
reported usefulness of this method in identifyingtee and diverse forms of cognitive
impairment, which is commonly observed in primargib tumor population. Additionally,
for cases (n = 60), where the two clinicians haa/jpled discrepant ratings, we obtained
domain specific and global ratings of impairmeniifra third independent clinician, which
then were used as the final ratings for those pestie

In this sample, global impairment was present i%%f patients, while 49% of
patients were “not impaired.” Global impairmerdtas was then used for assessment of

diagnostic accuracy of NCF6Z and NCF7Z.

Assessment of Diagnostic Accuracy of NCF6Z and NCF7Z:

The cut-off point of z-score -0.50 has been previously used as an indicator of
impairment in research studies (Carey et al., 2)®&tause it is roughly equivalent to an
average score of -1.0 on approximately one-halfiefcomponent measures. Using the
cutpoint< -0.50, we assessed sensitivity (0.86), specifi€ity8), PPV (0.80), and NPV
(0.85) of NCF6Z. Diagnostic accuracy values of NZf=t< -0.50 were as follows:

sensitivity (0.84), specificity (0.83), PPV (0.84PV(0.83). See Table 23.

Performance at other cutpoints:

Diagnostic accuracy of NCF6Z and NCF7Z was furttaculated at cutpoints -
0.60, -0.75, -1.00, -1.25, and -1.50. At cutpein®@. 60, sensitivity of NCF6Z was 0.86,
sensitivity was 0.82, PPV was 0.83, and NPV wa5.0&t cutpoint< -0. 60, diagnostic

accuracy of NCF7Z was as follows: sensitivity =8).8pecificity = 0.81, PPV = 0.83, NPV =
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0.86. At the value of -1.50, both NCF6Z and NCF7Z became highly spetafsts
(specificitycrsz = 0.99 and specificityerrz = 1.00) with high PPV (PR\rsz = 0.99 and
PPWcr7z= 1.00), although their sensitivity and NPV valuesre low (sensitivitycrsz =

0.35, sensitivitMCF7z= 0.30, NP\crsz = 0.59, and NPNce7z= 057) See Table 23.

Table 23. Diagnostic Accuracy of NCF6Z and NCF7208%0, -0.60, -0.75, -1.00, -1.25, and

-1.50

Sensitivity Specificity PPV NPV
NCF6Z< -0.50 0.86 0.78 0.80 0.85
NCF7Z<-0.50 0.84 0.83 0.84 0.83
NCF6Z<-0.60 0.86 0.82 0.83 0.85
NCF7Z<-0.60 0.88 0.81 0.83 0.86
NCF6Z<-0.75 0.73 0.87 0.85 0.75
NCF72<-0.75 0.72 0.89 0.88 0.75
NCF6Z<-1.00 0.62 0.91 0.88 0.69
NCF7Z<-1.00 0.55 0.94 0.91 0.66
NCF6Z<-1.25 0.47 0.97 0.94 0.64
NCF7Z<-1.25 0.43 0.98 0.96 0.62
NCF6Z<-1.50 0.35 0.99 0.98 0.59
NCF7Z<-1.50 0.30 1.00 1.00 0.57

@Cutpoint commonly used in research studies

ROC Curve Analysis:

An ROC curve was then generated for NCF6Z (seer€i@y which revealed that the
ability of NCF6Z to accurately identify patientstivNCF impairment as such was
significantly above the chance level (AUC = 89.59%, 20.69p < 0.0001). Based on the
Youden Index J statistic), NCF6Z = -0.6257 was established asl@al cutpoint that would

afford optimal sensitivity (0.85), specificity (BB PPV (0.84), and NPV (0.84). See Table

24.
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Another ROC curve was generated for NCF7Z ¢sgee 4) and demonstrated that
NCF7Z was also able to identify patients with N@pairments significantly better than
random guessing (AUC = 89.6%, z = 20.& 0.0001). The Youden Index identified
NCF7Z = -0.445 as the optimal cutpoint, at whichgtostic accuracy of NCF7Z was found
to be as follows: sensitivity (0.88), specificity.81), PPV (0.83), NPV (0.86). See Table 24.

An ROC curve for NCFTOTALZ (see Figure 5) demonstathat NCFTOTALZ
performed better than chance (AUC = 87.5%, z =4,(4 0.0001). The Youden Index
identified NCF7Z = -0.5063 as the optimal cutpoattwhich diagnostic accuracy of NCF7Z

was: sensitivity (0.73), specificity (0.93), PPV9R), NPV (0.76). See Table 24.

Table 24. ROC analyses of NCF6Z, NCF7Z, and NCFTQCA A

AUC pvalue Optimal cutpoifit Sensitivity Specificity PPV NPV

NCF6Z 89.5% <0.0001 -0.6257 0.85 0.83 0.84 0.84
NCF7Z 89.6% <0.0001 -0.445 0.88 0.81 0.83 0.86
NCFTOTALZ 87.5% <0.0001 -0.5063 0.73 0.93 092 0.76

"Based on highest Youden Index
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Figure 5. Receiver Operating Characteristic CuoreNCFTOTALZ

Comparison of ROC curves for NCF6Z, NCF7Z, and NCFTOTALZ:

ROC curves for NCF6Z and NCF7Z were compared vattheother and with the
ROC curve for NCFTOTALZ to examine which compositere offered the best
representation of the diagnostic accuracy of thasmees it summarized. NCF6Z, NCF7Z,
and NCFTOTALZ were significantly superior compatedhance in identifying impaired
patients as such. The difference between the AAJCECF6Z and NCF7Z was 0.00096 (z-
score = 1.08p <.281), which was statistically not significantiffidrence between AUCs of
NCF6Z and NCFTOTALZ as well as that between AUCBIGF7Z and NCFTOTAL Z was
not significant (see Table 25).

Additionally, at their respectivévalues (NCF6Z = -0.6257 and NCF7Z = -0.445),
sensitivity, specificity, PPV, and NPV of NCF6Z aN@F7Z were found to be equivalent

(see Table 24). Overall, ROC curves for NCF6Z, NZFand NCFTOTALZ provided
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equivalent representation of the diagnostic acquofithe CTB and the CTBE respectively

(see Figure 6).

Table 25. Comparison between AUCs of NCF6Z, NCRfil NCFTOTALZ

Z score p value
NCF6Z and NCF7Z 1.08 281
NCF6Z and NCFTOTALZ 0.15 .880
NCF7Z and NCFTOTALZ 0.19 .846
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Figure 6. Comparison of Receiver Operating Charistite Curves for NCF6Z, NCF7Z, and

NCFTOTALZ

Additional Analyses:
Another weighted composite score was generatedtayong the arithmetic mean of

(NCF6Z+BD)

> ). This composite score was termed NCF7ZW, an@ gav

NCF6Z and B
increased weight to BD (a weight equal to thahef dther six measures combined).

Validity and diagnostic accuracy of NCF7ZW wereessed.

Assessment of Validity of NCF7ZW:

Distributions of NCF7ZW were assessed and fourmbtdorm with the normal
distribution. NCF7ZW correlated significantly wiMCF6Z (r = 0.86p < .0001), NCF7Z (r

=0.92,p<.0001), and NCFTOTALZ (r = 0.8%,<.0001). See Table 26.
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Table 26. Correlations between NCF7ZW and NCF6ZFERLC NCFTOTALZ

51

n Pearson’sr p value

NCF6Z 249 0.859 <.0001
NCF7Z 249 0.919 <.0001
NCFTOTALZ 96 0.849 <.0001

Consistent with NCF6Z, NCF7ZW was able to succdlysfiistinguish ¢47)= 2.99,

p<.003, d =0.41) between low grade (Mga#zw= -0.16, SQRcr72nw~= 0.76) and high grade

glioma (MeaRcr7zw = -0.48, SRcr7zw = 0.80). See Table 27. Furthermore, post-hoc

analyses with Tukey’'s HSD revealed that NCF7ZW sigaificantly lower p < .001) for

GBM patients (Meattr7zw= -0.62, SQRcr7zw~= 0.76) compared to low grade glioma

patients. However, difference between NCF7Z peréorce of GBM and AA patients

(Meanncrrzw= -0.29, SRcr7zw= 0.82) only approached significange<.04) (Table 28).

Table 27. Differences in NCF7ZW Based on Tumor @rdgterality, Caudality, and

Tumor-related Epilepsy

Mean (SD) t value df pvalue Cohen’sd

Tumor Grade LGG -0.16 (0.76) 2.99 247 .003 0.41
HGG -0.48 (0.80)

Laterality Right -0.23 (0.67) 2.20 212 .029 0.29
Left -0.45 (0.85)

Caudality Anterior -0.38 (0.80) 0.50 247 .616 0.11
Posterior -0.29 (0.78)

TrE Present -0.36 (0.81) 0.69 247 492 0.06
Absent -0.41 (0.78)
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Table 28. Post-hoc Analyses of Difference in Me&HXZW Scores Based on Tumor Grade

Tumor Mean (SD) F p Post-hoc Comparison of Tumor Grade

Grade value AA®  d° A0 o GBM*
LGG' -0.16(0.76) 5.48 .001 LGG .771 0.16 .774 052 .001 0.61
AAZ  -0.29(0.82) AA 901 035 .038 0.42
AO®  -0.60(0.93) AO 1.00 0.02

GBM* -0.62(0.76)

"Low Grade Glioma

2 Anaplastic Astrocytoma

% Anaplastic Oligodendroglioma

*Glioblastoma Multiforme

4pvalue

*Tukey’s HSD was used for post-hoc analyses
“d refers to Cohen’'s d

Similar to NCF6Z, there was significant differer{gg.2)= 2.20,p<.029, d = 0.29)
between NCF7ZW scores of patients with left hemespliumor location (Mea@r7zw = -
0.45 SQicr7zw~ 0.85) and right hemisphere tumor location (Meafrw = -0.23 SRcrrzw~
0.67). However, NCF7ZW did not differ significantt47)= 0.50,p<.616, d = 0.11)
between anterior (Me@Br7zw = -0.38 SRcr7zw= 0.80) and posterior (Meggrzw = -0.29
SDncrrzw= 0.78) tumor patients. In addition, NCF7ZW did dastinguish significantly
(ta7y= 0.69,.p< 492, d = 0.06) between patients with (Mganzw = -0.34 SQRcrrzw~
0.81) and without (Mear7zw = -0.41 SRcr7zw~= 0.78) tumor-related epilepsy, although
patients with seizures continued to perform bettan patients without seizures (see Table
27).

Lastly, NCF7ZW correlated significantly with FIM € 0.45,p <.0001) and KPSp(
= 0.37,p<.0001), but not with BDI-II § = -0.15,p < .099), STAI-T p = -0.23,p< .071),

and STAI-S (p =-0.11,p<.398). This was consistent with NCF6Z (see TaBle
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Table 29. Correlations between NCF7ZW and KPS, BMI-II, STAI-S, and STAI-T

n Correlation p value
Coefficient
KPS 213 0.44% .0001
FIM 245 0.369 .0001
BDI-II 122 -0.15 .099
STAI-S 62 -0.192 134
STAI-T 62 -0.231 .071

;ggzgsrcr)r:;'l;roduct Moment Correlation Coefficient r
Assessment of Diagnostic Accuracy of NCF7ZW:

At cutpoint NCF7ZWK -0.50, sensitivity value was 0.72, while the NP®s.75,
which was lower than those values for NCF6Z a.50. An ROC curve was generated for
NCF7ZW and demonstrated that NCF7ZW performed b#tgs random guessing (AUC =
85.3%,p < 0.0001). Atdvalue, NCF7ZW = -0.6274, specificity was 0.92, althh NPV

was only 0.72 (see Table 30, Table 31, and Figure 7

Table 30. Diagnostic Accuracy of NCF7ZW at -0.8066, -0.75, -1.00, -1.25, and -1.50

NCF7ZW Sensitivity Specificity PPV NPV
<-0.50 0.72 0.90 0.88 0.75
<-0.60 0.67 0.92 0.90 0.73
<-0.75 0.59 0.93 0.89 0.68

-1.00 0.41 0.98 0.96 0.61
-1.25 0.24 0.99 0.97 0.55
-1.50 0.16 1.00 1.00 0.53

"Cutpoint commonly used in research studies
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Table 31. ROC analyses of NCF7ZW

AUC pvalue Optimal cutpoifit Sensitivity Specificity PPV NPV

NCF7ZW 85.3% <0.0001 -0.6274 0.66 0.92 0.89 0.72

"Based on highest Youden Index

0.9 -
0.8 -

0.7 4
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ISd I3 o ISd o
N w S v [e}}

°
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T T T T
0 0.2 0.4 0.6 0.8 1
1 - Specificity

Figure 7. Receiver Operating Characteristic CuoreNICF7ZW

The difference between AUCs of NCF6Z and NCF7ZW w88% (z = 243 <

.015). See Table 32 and Figure 8.

Table 32. Comparison of AUCs of NCF6Z and NCF7ZW

Difference between Z score p value
AUCs
NCF6Z and NCF7ZW 4.33% 2.43 .015

NCF7Z and NCF7ZW 4.24% 2.97 .003
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Sensitivity

——NCF7ZW
0.1 1 ——NCF6Z

0 0.2 0.4 0.6 0.8 1
1 - Specifivity

Figure 8. Comparison of Receiver Operating Charitite Curves for NCF6Z and NCF7ZW

Discussion

This study investigated the validity related evideand assessed the diagnostic
accuracy of the CTB and the CTBE, that are origyr@dérived from a Comprehensive
Battery, by generating composite scores NCF6Z @8, respectively. Several
validation criteria were used to evaluate the vilidf the CTB and the CTBE. Consistent
with expectations, NCF6Z and NCF7Z correlated s$icgutly with NCFTOTALZ (H1).

We further assessed additional evidence for ooiterelated validity of NCF6Z and
NCF7Z. Patients with low grade glioma obtaineagigantly lower NCF6Z scores
compared with patients with higher grade glioma KGBA and AO). Specifically, patients

with GBM performed significantly more poorly thaatents diagnosed with low grade
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glioma. Thus, the hypothesis that patients witthlgrade tumors would receive lower
NCF6Z scores when compared to those with low graaers (H2) was supported.
Similarly, NCF7Z scores were significantly lower @mg patients with high grade tumors
relative to patients with low grade glioma.

Consistent with the Hypothesis 3, patients with hefmisphere tumors obtained
significantly lower NCF6Z compared with right hepii®re tumor patients. However,
patients with left hemisphere tumors also obtawigdificantly lower NCF7Z relative to
right hemisphere tumor patients. Thus, Hypothésias not supported. The obtained
pattern may be explained by a possibility thatatidition of only a single test of right
hemisphere function (BD) did not adequately offeetpurported verbal bias of the CTB.
However, even when scores on BD were weighted (M@¥7 performance of patients with
left hemisphere tumor location remained signifibaldwer compared to patients with right
tumor location. Right hemisphere is considerebeaelatively “silent” by some (Kolb &
Wishaw, 2003), which may explain performance ddfere based on tumor location.
However, it is also possible tHdCF is distributed over cerebral networks (Heimenhal.,
2012, Anderson, Damasio, & Tranel, 1990) more t@nmonly appreciated, and NCF6Z
and NCF7Z, in fact, adequately assess patientsheiitrogeneous lesion locations.
Examination of component scores of NCF7Z demoredrdtat HVLT-R-TR, HVLT-R-DR,
and COWA scores were significantly lower amongepas with left sided tumor location,
while BD, TMTA, TMTB, and HVLT-R-DRECOG did not dérentiate between right and
left tumor locations.

Particularly, z-scores on BD tended to cluster adoilne mean (zero). This may be a

sample artifact. Given that BD normative datarayeadjusted for educational level, in the
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present sample of well-educated patients, it isiptesthat BD scores exhibited reduced
sensitivity, such that normatively average visuatarctional skills in the current sample
may, in fact, represent reduced visuoconstructiuradtioning, at least in some patients.
Alternatively, a restricted range of BD z-scoreg/rha explained by normative structure of
WAIS-III subtests, which have standard scores widan = 10 and SD = 3. Overall, given
that BD scores in our sample did not differ fromrd@jonale behind choosing BD as a test of
right hemisphere / posterior function may be questd. Choice of BD as a measure of
visuoconstruction for the CTBE was based on themaleds well as practical considerations.
BD is a subtest of a widely-used intelligence (#éalS-111) with robust norms (Wechsler,
1997). Test-retest reliability coefficients rarigween .80 to .88 (Lezak, Howieson, &
Loring, 2004). Factor analytic studies have shtwat BD loads highly on the Perceptual
Organization Factor (Lezak et al., 2004). In addito having psychometric properties, BD
is practically useful. Itis a short and easydmanister test that requires relatively simple
and easy to obtain test material. As a resulhiwithe comprehensive battery that is usually
administered to primary brain tumor patients imickal settings at UTMDACC, BD was the
best available single measure of right hemisphposterior function. Therefore, BD was
included as the seventh test of the CTBE.

Although Lezak et al. (2004) report several studiesessing clinical population
which confirm the association between lower BD periance and right hemisphere lesions,
particularly in the parietal lobe (for example, Nembe, 1969, Warrington, James, &
Maciejewski, 1986, and Wilde et al., 2000 in Leealal., 2004), various other studies have
shown that BD scores may be affected by othernesications as well. For example,

patients with significant right parietal damageygé with extensive prefrontal damage, as
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well as patients with notable loss of cortical e, for example diffuse damage that may
be seen in patients with Alzheimer’s disease apeebed to perform poorly on BD (Luria,
1973b, as reported in Lezak et al., 2004). Lezal. €2004) further note that patients with
lateralized lesions or “split brain” patients aksdibit subnormal BD performance
(Geshwind, 1979), although there may be qualitadifferences in their performance. Other
research shows that patients with acute traumgticiés to the frontal lobes, Alzheimer’'s
disease, chronic alcohol dependence, as well apdidal dementia including Huntington’s
disease, Parkinson’s disease, and Multiple Scketwsie demonstrated impaired BD
performance (Lezak et al., 2004). Thus, perforreaorcBD appears to be influenced by
various lesion locations as well as multiple disgacesses. In the future, more studies
may be conducted to assess sensitivity of BD ima@ry brain tumor patients.

Finally, it is noteworthy that measures assessi@§ Momains of attention (TMTA),
executive function (TMTB), and recognition memoHMLT-R-DRECOG) were among the
domains that were robust to tumor laterality. Atten, executive function, and memory are
highly critical NCF domains for maintenance of ftianal independence (Okonkwo,
Wadley, Griffith, et al., 2006, Royall, Palmer, Gdo, et al., 2005).

Hypothesis 5 that patients with anterior tumors Mabtain significantly lower
NCF6Z compared to those with posterior tumors wassapported. As expected, NCF7Z
did not significantly differ between patients wéhterior and posterior tumors (H6). As
before, it is possible that both NCF6Z and NCF7ilethto adequately assess posterior brain
function. However, weighting the score on BD—a that is expected to assess posterior
function—did not yield a significant difference NCF7ZW of patients with anterior versus

posterior brain tumors. One possible explanationld/be the widespread nature of cerebral
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networks that support the NCF domains constituN@6Z and NCF7Z (Heimans et al.,
2012, Anderson et al., 1990), such that NCF6Z aB&# R may be adequately assessing
patients with anterior and posterior lesion loagadio This idea is further supported by an
observation that both NCF6Z and NCF7Z correlataiBaantly with NCFTOTALZ, which
is based on a comprehensive battery assessingisayiGF domains innervated by
heterogeneous neuroanatomical locations.

Alternatively, given that only 10.8% patients hadib tumors primarily in parietal or
occipital lobes, small sample size (n = 28) of padet tumor patients may also explain the
obtained results. Further analyses of patients arterior tumor locations revealed that both
NCF6Z and NCF7Z were sensitive to tumor lateraditthin anterior locations, such that
patients with left temporal tumors obtained lowWd§tF6Z and NCF7Z scores. This may be
explained by the “eloquent” nature of the left temgd lobe (Kolb et al., 2003). Another
possible explanation is that NCF6Z and NCF7Z hgdead on learning and memory, which
may make them selectively sensitive to left tempmaors. Lastly, in contrast to patients
with temporal lobe tumors, patients with frontabéotumors tended to exhibit equivalent
NCF6Z and NCF7Z scores. This conforms with thaithet among frontal lesions, laterality
of the lesion is less influential in the nature axtent of cognitive impairment (Kolb et al.,
2003).

Contrary to expectation, patients with a historyuhor-related epilepsy did not
obtain significantly lower NCF6Z compared to patgewithout history of tumor-related
epilepsy. Similarly, NCF7Z was not significantliffdrent for patients with tumor-related
epilepsy relative to patients without tumor-relaggilepsy (H7). However, further analyses

revealed that in a subgroup of patients who weagrthsed with low grade glioma, both
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NCF6Z and NCF7Z were significantly lower among @ats with tumor-related epilepsy.
Among patients with GBM, tumor-related epilepsy was associated with further lowering
of NCF performance. Although research on effectiofor-related epilepsy among GBM
patients is relatively sparse, other studies hdgewed that high tumor grade is more
commonly associated with lower NCF performanceaiathan comorbid or surgical
treatment factors among GBM patients (TalacchitiSaribavazzi et al., 2011, Miotto et al.,
2011, Bosma et al., 2007), which is consistent withobtained trend.

Consistent with the hypothesis, NCF6Z correlatgdificantly with KPS and FIM
(H8) and NCF7Z also correlated significantly witP& and FIM (H9), which provided
concurrent validity related evidence for the conifgoscores. In contrast, the composite
scores did not correlate with self-report measuofedfective distress, which included scores
on STAI-S, STAI-T, and BDI-Il. Low percentagestbé sample reported significant
affective distress @ = 21.4%, Rrais = 54.8%, and syar = 16.1%). Thus, scores tended
to cluster in the subclinical ranges, which maylaixpthe obtained pattern. Fewer patients
from the present sample reported anxiety comparadsimilar patient group assessed by
D'Angelo, Mirijello, Leggio, et al. (2008), in whic62.5% pre-surgical brain tumor patients
reported elevated state anxiety and 50% reportgd thait anxiety assessed by STAI-S and
STAIT, respectively. Similar to the present treadly 9.7% patients reported depression, as
measured by Zung Self-rating Depression Scales ubhclear why the current patient group
reported less anxiety. High level of functionalépendence may be a possible explanation.
In the present sample, the mean KPS score was 27.88), while the mean FIM score

was 123.82 (+ 4.35).
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Diagnostic accuracy of NCF6Z and NCF7Z was assassied sensitivity,
specificity, PPV, and NPV as the indicators of mien with which NCF6Z and NCF7Z
identified global NCF status of patients as impairét cutpoint = -0.50, which has been
previously used as a cutpoint indicating impairm@drey et al., 2004a), NCF6Z and
NCF7Z were found to be sensitive tests with sultishNPVs. This was consistent with the
expectation that NCF6Z and NCF7Z would have adegsesitivity, specificity, PPV, and
NPV (H10, and H11).

We further explored diagnostic accuracy of NCF6d BICF7Z at various cutpoints.
It was observed that NCF6Z and NCF7Z demonstragddensitivity and NPV at cutpoints
-0.50 and -0.60. This coincided with the resuftR@®C curve analyses that revealed NCF6Z
<-0.6257 and NCF7Z -0.445 to be ideal cutpoints, at which NCF6Z ar@@HYZ would

exhibit optimal sensitivity, specificity, PPV, ainPV.

Comparison of NCF6Z and NCF7Z:

One of the goals of this study is to compare NC&6d NCF7Z to assess which
composite score provides a more comprehensive iagdakstically accurate representation
of the NCF status of patients with primary braimtars. Both NCF6Z and NCF7Z correlated
significantly with NCFTOTALZ and each other. BAMMCF6Z and NCF7Z were able to
distinguish between high grade and low grade tumBth NCF6Z and NCF7Z were
significantly lower among patients with left hentigpe tumor location. Both composite
scores did not differ significantly between anteaad posterior tumor patients. Patients
with and without tumor-related epilepsy did notabtsignificantly different NCF6Z, nor

NCF7Z. Both composite scores correlated signitiganith KPS and FIM, while and both
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did not correlate with self-report measures ofc@ffe distress, namely BDI-Il, STAI-S, and
STAI-T. Overall, NCF7Z did not outperform NCF6Zvalidation studies.

Comparison between diagnostic accuracies of NCFSIZINCF7Z was based on
practical considerations for their use. Both ssavere found be significantly superior to
random guessing. AUCs of NCF6Z and NCF7Z did rgtiBcantly differ from each other.
Overall, NCF6Z and NCF7Z were largely equivalentenms of their diagnostic accuracy.

To the extent that the addition of BD, which wapented to afford right hemisphere
exposure to the CTB, did not noticeably enhandeeethe validity or the diagnostic
accuracy of the CTB, NCF7Z was not found to hawdeddsalue compared to NCF6Z.
However, it is possible that the CTBE did not aghiadequate exposure to cognitive
functions typically localized to the right hemispdgegiven that BD was the only index of

right hemisphere function within a composite sdbeg consisted of 6 other NCF scores.

Comparison of NCF6Z and NCF72W:-

NCF7ZW correlated with NCF6Z, NCF7Z, and NCFTOTALZonsistent with
NCF6Z, NCF7ZW was significantly lower among patgewntth high grade glioma relative to
low grade glioma patients. In particular, GBM pats obtained significantly lower
NCF7ZW.

Similar to NCF6Z, NCF7ZW was significantly lower ang patients with left
hemisphere tumor location and did not distinguistwieen patients with anterior versus
posterior tumor locations. Thus, weighting theresmn BD to enhance right hemisphere /

posterior lobar exposure of the CTBE did not extish the severity of NCF impairment
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among left hemisphere tumor patients, nor did litagice the NCF differences between tumor
caudalities.

Not unlike NCF6Z, NCF7ZW was not significantly agifent among patients with
tumor-related epilepsy, compared to patients witlnor-related epilepsy. Furthermore,
NCF7ZW correlated significantly with KPS and FIMdadid not correlate with BDI-II,
STAI-S, and STAI-T. This performance was consisteith NCF6Z.

At cutpoint -0.50, sensitivity (0.72) and NPV (0) &8 NCF7ZWwere lower than
those values for NCF6Z &t-0.50. Both NCF7ZW and NCF6Z performed bettentha
random guessing, but the AUC of NCF6Z (89.5%) wasificantly more (4.33%, z = 2.43,
p <.015) than the AUC of (85.3%).

In summary, validation studies showed that NCF74uviadt outperform NCF6Z.
The optimal cutpoints based on an ROC analysis si@narge reduction in sensitivity and
improved specificity with the NCF7ZW, which does sapport the use of this approach in
studies where sensitivity is preferred over speityfi Comparison of their diagnostic
accuracy showed that at the cutpoints we assesssdllas in terms of their respective
AUCs, NCF6Z was preferable over NCF7ZW.

In conclusion, weighting the score on BD did ndsef the purported verbal bias of
the CTB. In addition, validation studies and ass®ent of diagnostic accuracy demonstrated
that NCF7ZW did not outperform NCF6Z. The CTB pd®d an adequately valid
representation of the NCF status of the primarynbxamor patients evaluated during this
study, when the composite score NCF6Z was assagsauist such criterion related and
concurrent validation criteria as tumor grade, tufaterality, association with

NCFTOTALZ, KPS, and FIM. NCF6Z sufficiently sumnmed patient performance on the
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CTB such that at NCF6Z = -0.6257, the CTB demotedtraptimal diagnostic accuracy.
NCF7Z and NCF7ZW were not found to have superitidig, nor diagnostic accuracy
compared to NCF6Z. Thus, the CTBE is not preferabker the CTB. In the interest of
efficiency, time- and cost-effectiveness, and trajmeeds of the examiners and also based
upon the validity related evidence and diagnostaueacy of NCF6Z, the CTB is considered
a more practical and psychometrically sound baffi@ryse in research studies of primary

brain tumor patients.

Future Directions:

Although our sample size was substantially largehée interest of maintaining
homogeneity and avoiding confounds, we studied prilyary brain tumors located in the
cortical region. Our sample exhibited left-sidedl @nterior location referral bias. Thus, the
obtained results may not be readily generalizablt&her types of brain tumors, systemic
cancers, or metastases. Additional validationietuchay be necessary.

Similarly, our patient pool consisted of chieflydfish speaking, college-educated,
Caucasian men and women. To the extent that neyrchplogical test performance is
amenable to cultural, linguistic, and educationellagariations, additional studies may be
needed to assess the generalizability of the fgslof the present study.

Furthermore, it may be of interest to assess gotheasures of non-verbal NCF
domains add to the psychometric or diagnostic vafube CTB. Lastly, the present study
assessed psychometric characteristics of the COBN&F6Z among untreated primary brain

tumor patients evaluated at the baseline. It neayteresting to assess the ability of NCF6Z
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to capture changes in NCF over time, following picaceffects, various interventional

strategies, and occurrence of other comorbidities.

Conclusion

During the present investigation, a composite sdxased on unweighted average
individual standard scores of the CTB (NCF6Z) wascessfully used to summarize the
CTB performance. The CTB, which consists of shedsy-to-administer, standardized
measures of attention, executive function, learningemory, and processing speed,
demonstrated adequate validity related evidencederamong primary brain tumor patients,
when assessed against such concurrent and critesliated factors such as comprehensive
NCF battery performance, tumor characteristics, @mician- report measures of functional
status. At cutpoint -0.6257, NCF6Z exhibited ogimiagnostic accuracy.

Addition of a measure of visuospatial functioningD) did not augment either
validity or diagnostic accuracy of the original CT&en when the scores were weighted to
offset the purported verbal bias of the CTB. Imdaasion, the present study provided
evidence that NCF6Z is a valid and diagnosticatlgusate measure of NCF among primary
brain tumor patients. The CTB, which is a briefeful, and easy-to-administer battery, may

be used in large scale research studies involvimggpy brain tumor patients.
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Appendix A

Clinician Rating Guidelines:

1. The dataset consists of primary brain tumor padigrnith supratentorial tumor locations
and without prior history of chemotherapy, radiatior surgery. Please rate each
patient’s cognitive status based on your clinicgdezience.

2. The key to interpret demographics:
a.Sexxm=1,f=2
b. Race:C =1, AA=2,H=3, Asian =4, Other =5
c. Handedness: r =1, | = 2, mixed = 3
d. Laterality: r=1,1=2
All patients are pre-treatment, so all treatmedtdators will always be 0.

3. The attached document contains patient’s basetiees on cognitive testing that have
been converted to demographically corrected sdmssd on appropriate norms (listed in
Table 33). These individual test scores will kesslfied by neurocognitive domains (see
Table 3).

4. For each domain, please provide your ratings ofimpent on a 9-point scale. A rating
of 1 would signify “above average” performance, il rating of 9 would mean
“severely impaired performance.” A cut-off scofeébamn a domain would indicate
definite mild impairment in that domain, while aose of 4 would indicate borderline
neurocognitive status in that domain.

5. For domains with multiple individual subtests, éample processing speed and EF, you

may average the ratings of individual tests to comevith the domain rating, or you may
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subjectively assess performance on individual tiesssiggest an overall domain rating. If
data are missing on a test, please base your satimghe remaining tests assessing that
domain. For tests of motor functioning, pleasethgemost impaired score while
assigning the rating.

6. For ease of data entry, please use the excelrb\ged to you.

7. Patients, whose clinical ratings exhibit impairm@tdmain ratings of 5) in more than
one neurocognitive domain, would receive neurodognstatus of “global impairment.”
Please indicate this status as Y (global impairrpeagent) or N (absent) in the
corresponding column of the excel file.

8. These ratings will be obtained from two cliniciarior those cases where the ratings are

discrepant, ratingsbl from a third clinician wik lmbtained.

Table 33. Normative Data for NCF measures

Neurocognitive Measure Normative data
WAIS-III subtests Wechsler (1997)
HVLT-R Benedict et al. (1998)
TMT A and B Tombaugh (2004)
COWA Ruff et al. (1996)
BNT, PEG, and GRIP Heaton et al. (2004)
Token Test and Visual Benton et al. (1994)

Naming
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