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1 | INTRODUCTION

Abstract

Introduction
shown CRCI presentation prior to treatment initiation. Some have attributed these problems to

Recent research in the field of cancer-related cognitive impairments (CRCI) has

worry and fatigue, whereas others have suggested an influence of age, IQ, and other psychoso-

cial and medical factors.

Methods
hematological malignancy, scheduled for a curative treatment, were evaluated with a baseline

Patients (>18 years) with a histologically confirmed diagnosis of a solid cancer or

neuropsychological assessment including Patient-Reported Outcome Measures (PROMs).
PROMs entailed distress, anxiety and depression, fatigue, and cognitive complaints. The
neuropsychological assessment comprised several cognitive domains such as premorbid 1Q,
attention, processing speed, flexibility, verbal and visual episodic memory, and verbal fluency.

Results Cross-sectional data of 125 patients were collected. Patients had a mean age of
60.9 years (range: 30.0-85.0) and comprised primarily females (65.6%). Patients presented with
cancer of following sites: breast (44.0%), digestive (28.8%), urological (11.2%), gynecologic
(8.0%), hematologic malignancy (4.8%), and lung (3.2%). Patients presented with a premorbid
IQ of 105.3 (range: 79.0-124.0). In 29.6% of patients, a CRCI was detected. Binary logistic
regression analyses showed that a lower premorbid 1Q (B = -.084, P < .01) and a higher level
of fatigue (B = -.054, P < .05) predicted baseline CRCI. Premorbid IQ also predicted performance
on individual cognitive domains. Some domains were also influenced by age, gender, having a

breast cancer diagnosis, and an active treatment for hypertension.

Conclusion
we advise researchers to implement a short 1Q test when conducting clinical trials on CRCI.

Premorbid 1Q and fatigue are important predictors of baseline CRCI. Therefore,
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Researchers ascribed these problems at first to chemotherapeutic

Improved cancer treatments have led to increased survival rates and a
growing number of cancer survivors presenting with persistent
treatment-related side effects. Cognitive malfunctioning is one of the
most frequently reported adverse events and poses a big challenge
for patients who want to return to their former lives. Patients may
suffer from concentration problems, distractibility, forgetfulness,
difficulties in remembering names or numbers, and a lack of mental

sharpness.! >

treatments, resulting in a term called “chemobrain.” Initial trials focused
on breast cancer patients, as they reported symptoms even long after
their treatment had ended.? Recent research, however, indicates that
chemotherapeutic agents may not be the sole cause of cancer-related
cognitive impairments (CRCI). Studies have shown that radiotherapy,
external to the brain region, and hormonal treatments can also induce
CRCI.°"® Further, prospective studies, including neuropsychological
assessments before treatment administration but after cancer
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diagnosis, and most often after cancer surgery, have reported high
rates of CRCI prior to adjuvant chemotherapy. They report increasing
problems following chemotherapy and a resolution of the findings to
baseline levels when performing longer follow-up assessments.*

Although the majority of studies now include a baseline assess-
ment that shows that some patients present with a CRCI before
adjuvant treatment initiation, little is known about why these
impairments occur. A trial by Schilder et al® investigated baseline
cognition in a group of postmenopausal breast cancer patients and
found that an individual cognitive domain can be influenced by age,
1Q, and other medical factors. Others have suggested that psychosocial
factors such as worry and fatigue may enhance the risk of presenting
with a CRCI at baseline in patients diagnosed with breast or colorectal
cancer.” 11

Although more research has been conducted into the patho-
physiology of baseline CRCI, sufficient evidence is lacking. Further,
studies have mainly been focusing on how breast cancer patients
experience these problems. It is only until more recently that
researchers have broadened their landscape and started to examine
CRCl in other cancer types. Another shortcoming in current literature
is that only few researchers implement some form of 1Q assessment
when investigating CRCI, although it is known that 1Q can predict
neuropsychological assessment results.*?

In this paper, we tried closing the gap in some of these shortcom-
ings by performing a cross-sectional analysis in which we aimed at
identifying predictors of baseline CRCI in a group of general cancer

patients who were scheduled for a treatment with curative intent.

2 | METHODS

2.1 | Participants

Patients were invited to participate in the CONCEPT-trial
(ClinicalTrials.gov Identifier: NCT01846260) between May 2012 and

TABLE 1 Neuropsychological assessment

September 2015. Baseline data were collected as part of an ongoing
longitudinal trial in which we aim to examine whether the distress ther-
mometer can predict long-term CRCI (to be presented in future manu-
script). All patients were recruited in the Kortrijk Cancer Centre
(Kortrijk, Belgium). Eligible patients were 18 years or older and native
Dutch speaking or bilingual. All patients had a histologically confirmed
diagnosis of a solid tumor or hematological malignancy, in an early or
advanced stage. Patients were scheduled to receive a treatment with
curative intent. Patients receiving surgery as a sole treatment were
excluded. Other exclusion criteria entailed the following: being
diagnosed with primary brain tumors or brain metastases, having a
prior history of cancer—with or without chemotherapy or radiother-
apy—during the last 5 years, suffering from an organic brain syndrome,
showing signs of mental deterioration or being diagnosed with
dementia (DSM-IV criteria), having an untreated or unstable major
medical condition, being alcohol or drug dependent, presenting with
a condition other than cancer in which fatigue is a prominent symptom
(such as chronic fatigue syndrome), and having a major psychiatric or
neurologic disorder that could potentially invalidate assessment; a
prior or current diagnosis of a depressive or anxiety disorder was
allowed. All patients gave written informed consent. The trial was
approved by the ethics committee of the General Hospital Groeninge,

Kortrijk, Belgium.

2.2 | Measures

Patients were evaluated by a baseline neuropsychological assessment
including Patient-Reported Outcome Measures (PROMs). All assess-
ments were performed by either a neuropsychologist or study trial
coordinators trained to perform these measurements. The neuropsy-
chological assessment included standardized neuropsychological tests
assessing several cognitive domains (Table 1) as advised by the Inter-
national Cognition and Cancer Task Force (ICCTF).1?

The Dutch Adult Reading Test (DART) is the Dutch version of the
National Adult Reading Test. It consists of a list of 50 words with an

Cognitive Domain Test Item Outcome Measure Range
Premorbid intelligence Dutch Adult Reading Test 1Q estimation 1Q estimation 20
Episodic memory
Visual Rey's Complex Figure Test Delayed recall Total score 0-36
Verbal Rey's Auditory Verbal Delayed recall Total score 0-15
Learning Test
Executive functions
Flexibility T™MT Condition 4 (number-letter Time needed to complete >0
sequencing) in seconds
Semantic word fluency COWA Animals Number of correctly produced 20
words in 60 seconds
Phonetic word fluency COWA Letter N Number of correctly produced >0
words in 60 seconds
Processing speed T™MT Condition 2 (number sequencing) Time needed to complete >0
in seconds
WAIS-III Digit Symbol Number of correct items >0
Working memory
Attention WAIS-III Digit Span Forward and backward span Total score 0-30

Abbreviations: COWA, Controlled Oral Word Association Test; TMT, Trail Making Test; WAIS, Wechsler Adult Intelligence Scale.
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irregular pronunciation that have to be read out loud. The DART esti-
mates premorbid intelligence and is relatively insensitive to brain dys-
functions and mild dementia.'*1°

The Rey-Osterrieth Complex Figure Test (CFT) assesses both
visuoconstruction and visual memory.t>” It consists of 3 conditions:
a copy task, an immediate task, and a delayed recall task. The CFT
has been a useful tool for measuring visual episodic memory that is
mediated by the prefrontal lobe.*®

The Rey Auditory Verbal Learning Test (RAVLT) measures verbal
learning ability and verbal memory. Patients are asked to repeat and
remember a list of 15 words. It entails both immediate and delayed
recall tasks.?

The Trail Making Test (TMT) provides information on a patient's
visual scanning and searching abilities, processing speed, mental flexi-
bility, and executive function.?° Delis-Kaplan Executive Function Sys-
tem TMT consists of 5 conditions instead of 2 on the original test.
Patients are asked to draw lines sequentially connecting encircled
numbers or letters distributed on a sheet of paper. The most important
conditions concerning executive functioning comprises number and
number-letter sequencing tasks.??

The Controlled Oral Word Association (COWA) test is one of
the most commonly used measures of verbal fluency. This rapid and
organized word retrieval task is a sensitive indicator of brain
dysfunctions. Verbal fluency tests typically employ a word-list
generation procedure and are divided into 2 forms. Semantic fluency
tasks require the patient to generate a list of words according to a
certain category. Phonemic fluency tasks require that words are
generated according to a letter of the alphabet.?2724

The Digit Span subtest of Wechsler Adult Intelligence Scale-lll
(WAIS-IIl) measures attention, concentration, and working memory
and entails forward and backward repeating tasks. The score is the
total number of correctly repeated sequences before 2 failed attempts
in each condition.?>2¢ The WAIS-III Digit Symbol measures cognitive
and perceptual-motor processing speed. The patient is given a code
that pairs symbols with digits. The patient is asked to match as many
series of digits as possible to their corresponding symbols as possible
in a fixed time span of 120 seconds.?%?’

PROM s entailed an assessment of distress (distress thermometer
including 38-item Problem list?8), anxiety and depression (Hospital
Anxiety and Depression Scale??), fatigue (FACIT-Fatigue®°), cognitive
complaints (Cognitive Failure Questionnaire®!), and quality of life
(EORTC QLQ-C30°2).

2.3 | Statistical considerations

Statistical analyses were conducted by use of SPSS software (version
23; IBM SPSS Statistics, IBM, Chicago, lllinois). Descriptive statistics
were performed to present patient and tumor characteristics and
neuropsychological assessment results. Overall cognitive impairment
was calculated by the definition of the ICCTF. Patients were marked
as having a CRCI if they presented with either 2 or more test scores
at or below -1.5 standard deviations (SDs) from the normative mean
or if they presented with 1 test score at or below -2.0 SDs.*®
Published normative data, adjusted for gender, age, and/or education,

were used to convert raw test scores into standardized z-scores

(mean = 0; SD = 1). Curves based on the binomial probability distribu-
tion were used to determine that in our test battery, including 8 inde-
pendent test, approximately 17% of patients would perform 2 SDs

3% A binomial test was

below the normative mean on a single tes
performed to examine whether our data differed from the binomial
probability distribution. Data from questionnaires were converted
according to standard scoring rules, if applicable.

Independent Student t and X? tests were performed to examine
patient and clinical characteristics between impaired and nonimpaired
participants. Binary logistic regression analysis was used to examine
potential predictors of overall CRCI. Multiple regression analysis was
used to examine predictors of individual cognitive domains. Models
were selected through forward and backward analyses. Both binary
and linear regression analyses included 14 covariates: age, gender,
premorbid 1Q, distress, fatigue, cognitive complaints, days since diag-
nosis, days since surgery, active treatment for diabetes mellitus, active
treatment for hypertension, active treatment with anxiolytics/antide-
pressants/antihypnotics, having a prior or current diagnosis of depres-
sion or anxiety, stage (early vs late stage), and diagnosis (breast cancer
or not). Variables were included in the model if they were significant at
the P < .05 level.

3 | RESULTS

3.1 | Patient characteristics

In total, 125 patients were included in the trial. Patients had a mean
age of 60.9 years (range: 30.0-85.0). The study population comprised
primarily female individuals (65.6%). The majority of patients finished
high school or higher (71.2%). Patients presented with cancer of
following sites: breast (44.0%), digestive (28.8%), urological (11.2%),
gynecologic (8.0%), hematologic malignancy (4.8%), or lung (3.2%).
Most patients were diagnosed in an early stage (62.4%). Eighty-six
patients underwent surgery prior to the baseline assessment. On
average, there were 38.1 days (range: 13-106) between the day of
surgery and the day of the assessment. Five patients were included
with a prior history of diagnosed depression or anxiety disorder. No
patient was included with a current diagnosis of any of these
conditions. Of all patients, 22.4% were prescribed antidepressants,
antihypnotics, and/or anxiolytics. Only few patients received an active
treatment for diabetes mellitus (6.4%), whereas almost half of patients
were on antihypertensive drugs (42.4%) (Table 2).

3.2 | Neuropsychological outcomes

One patient was excluded from the analyses as not all neuropsycho-
logical tests were completed. Table 3 shows mean raw scores, z-scores,
and SDs for each cognitive test. Patients had a mean premorbid 1Q of
105.5 (range: 79.0-124.0). Based on the definition of the ICCTF, 29.6%
of patients presented with an overall CRCI. Thirty patients scored below
2 SDs from the normative mean on a single test (24.2%, binomial
test P < .001). Independent Student t tests did not detect differences
between impaired and nonimpaired patients for age, education age,
distress, anxiety, depression, fatigue, subjective cognitive complaints,

and days between surgery and baseline assessment, nor did the x? test
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TABLE 2 Demographic and clinical data (n = 125)

n (%) Mean (Range)
Demographics
Age 60.9 (30.0-85.0)
Gender
Female 82 (65.6)
Male 43 (34.4)
Highest education
Primary education 0 (0)
Lower secondary education 36 (28.8)
Higher secondary education 49 (39.2)
Higher education 35 (28.0)
Other 5(4.0)
Clinical data
Diagnosis
Breast cancer 55 (44.0)
Digestive cancer 36 (28.8)
Urological cancer 14 (11.2)
Gynecologic cancer 10 (8.0)
Hematologic malignancy 6 (4.8)
Lung cancer 4(3.2)
Stage
Early (I-11) 78 (62.4)
Advanced (llI-1V) 47 (37.6)
Surgery
Number of patients who received 86 (68.8)

surgery before baseline assessment

Days between surgery and 38.1 (13-106)

baseline assessment

Medication
Active treatment diabetes mellitus 8 (6.4)
Active treatment hypertension 53 (42.4)
Active treatment with anxiolytics/ 28 (22.4)

antidepressants/antihypnotics

TABLE3 Mean raw and z-scores and SDs per cognitive test (n = 124)

Raw score z-score

Cognitive Test Mean (SD) Mean (SD)
DART 105.3 (9.1) NA

CFT delayed recall 19.6 (5.1) 0.07 (0.76)
RAVLT delayed recall 10.3 (3.8) -0.26 (1.48)
TMT condition 4: number-letter 104.7 (53.9) 0.06 (1.10)

sequencing

COWA semantic word fluency 21.7 (7.0) 0.01 (1.09)
COWA phonetic word fluency 10.0 (5.0) 0.00 (1.22)
TMT condition 2: number sequencing 43.8 (22.1) 0.20 (1.09)
WAIS-III Digit Symbol 63.6 (20.4) 0.28 (1.21)
WAIS-III Digit Span 14.3 (3.5) 0.10 (1.04)

Abbreviations: CFT, Complex Figure Test; COWA, Controlled Oral Word
Association; DART, Dutch Adult Reading Test; NA, not applicable; RAVLT,
Rey's Auditory Verbal Learning Test; SD, standard deviation; TMT, Trail
Making Test; WAIS, Wechsler Adult Intelligence Scale.

show any differences between both groups for gender, active treatment
with anxiolytics/antidepressants/antihypnotics, having a prior or current

diagnosis of depression or anxiety, stage (early vs late stage), or cancer

type (breast cancer vs other cancer type) (data not shown). A significant
difference was found for premorbid 1Q (P < .01). Nonimpaired patients
presented with a mean premorbid 1Q of 107.0 (range, 79.0-124.0),
whereas the mean premorbid IQ of impaired patients was calculated as
101.5 (range: 82.0-116.0).

All regression analyses started with a list of 14 covariates as men-
tioned previously. Results of the binary logistic regression analyses
indicated that overall CRCI, according to the definition of the ICCTF,
was predicted by a lower premorbid 1Q (8 = -.084, P < .01) and lower
score on the FACIT-Fatigue scale representing a higher level of fatigue
(B = -.054, P < .05). Individual cognitive domains were evaluated
through multiple regression analysis (Table 4). Results revealed that
all cognitive domains can be predicted by premorbid IQ, stating that
a higher IQ results in a better test score. Premorbid IQ alone predicted
up to 27.1% of the explained variance (R? adjusted) in a single test
domain. Visual and verbal episodic memory, information processing
speed, semantic word fluency, and flexibility were also influenced by
age, favoring younger patients. Including age in the model resulted in
an up to 31.7% increase of the explained variance. Verbal episodic
memory was further predicted by gender resulting in a total explained
variance of 33.2%. Test scores on the WAIS-III Digit Span were, next
to premorbid 1Q, predicted by an active treatment for hypertension,
adding 8.0% to the explained variance of the model. Interestingly,
processing speed, as measured by the WAIS-III Digit Symbol, was in
part predicted by having a breast cancer diagnosis or not.

4 | DISCUSSION

This paper aimed at identifying risk factors for baseline CRCl in a group
of general cancer patients scheduled for a curative treatment. Our data
highlight the importance of conducting an IQ test when conducting
neuropsychological assessments in cancer patients. Results indicated
that CRCI, which is defined as presenting with 2 or more test scores
at or below -1.5 SDs from the normative mean or presenting with 1
test score at or below -2.0 SDs, was predicted by premorbid IQ and
fatigue. Further, individual neuropsychological test scores were all
influenced by premorbid 1Q. Some cognitive domains were also
predicted by gender, age, having a breast cancer diagnosis or not,
and/or an active treatment for hypertension.

Our results indicate that IQ predicts baseline CRCI. To our
knowledge, we are the first to report this finding in case of overall
CRCI. Our data also indicate that 1Q influences individual cognitive
domains. These results are in line with previous literature as the 1Q
of a patient has been reported as a strong predictor of neuro-
psychological test scores in both cancer and noncancer participants.
Diaz-Asper et al** evaluated the influence of IQ on several individual
cognitive tests in 221 normal adults and stated that IQ predicts
concurrent neuropsychological performance across the entire
spectrum of intelligence. In a group of breast cancer patients exposed
to chemotherapy, Ahles et al® reported that pretreatment cognitive
reserve, assessed by the Wide Range Achievement Test-3 (WRAT-3),
was related with post-treatment cognitive decline. Further, the data
of Schilder et al are in accordance with our findings. They reported

IQ to be a predictor of individual cognitive domains in a group of
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TABLE 4 Multiple regression analysis

Dependent Variables
Models R? Adj. in Final Models B P Value
CFT delayed recall
1Q 0.140 1Q 0.328 <0.001
1Q + age 0.204 Age -0.270 <0.01
RAVLT delayed recall
1Q 0.223 1Q 0.421 <0.001
1Q + age 0.296 Age -0.255 <0.01
1Q + gender + age 0.332 Gender 0.204 <0.01
TMT number-letter sequencing
1Q 0.186 1Q -0.325 <0.001
1Q + age 0.467 Age 0.544 <0.001
COWA semantic word fluency
1Q 0.245 1Q 0.456 <0.001
1Q + age 0.283 Age -0.214 <0.01
COWA phonetic word fluency
1Q 0.271 1Q 0.526 <0.001
TMT: number sequencing
1Q 0.105 1Q -0.224 <0.01
1Q + age 0.372 Age 0.531 <0.001
WAIS-III Digit Symbol
1Q 0.170 1Q 0.272 <0.001
1Q + age 0.487 Age -0.566 <0.001
1Q + age + having breast cancer or not 0.508 Having breast 0.161 <0.05
cancer or not
WAIS-IIl Digit Span
1Q 0.179 1Q 0.399 <0.001
1Q + active treatment for hypertension 0.259 Active treatment for -0.294 <0.001

hypertension

Abbreviations: CFT, Complex Figure Test; COWA, Controlled Oral Word Association; RAVLT, Rey's Auditory Verbal Learning Test; TMT, Trail Making Test;

WAIS, Wechsler Adult Intelligence Scale.

Covariates: age, gender, premorbid 1Q, distress, fatigue, cognitive complaints, days since diagnosis, days since surgery, active treatment for diabetes mellitus,
active treatment for hypertension, active treatment with anxiolytics/antidepressants/antihypnotics, having a prior or current diagnosis of depression or anx-

iety, stage (early vs late stage), and diagnosis (breast cancer or not).

postmenopausal breast cancer patients before the administration of
adjuvant systemic treatment.® Lange et al,>¢ however, examined baseline
cognition in older cancer patients and could not detect any correlations
between CRCI and clinical characteristics. When comparing our data
with the binomial probability distribution, we detected a statistical
significant result (P < .001) stating that the number of impaired CRCI
can only in part be explained by normal variance.

In our study, overall CRCI was also predicted by fatigue. Although
it has been noted that fatigue influences subjective cognitive
complaints in cancer patients, most studies have failed to find an asso-
ciation between objective CRCI and fatigue.3”~3? Booth-Jones et al*®
examined the cognitive function of patients who underwent a bone
marrow transplantation and reported that both objective and
subjective cognitive impairments are influenced by the level of fatigue.
Further, recent research by Menning et al*? found that symptoms of
fatigue were related to observed impairments in breast cancer patients
when compared with healthy controls, prior to adjuvant treatment.

Our data suggest that age could predict processing speed,
executive function, verbal episodic memory, and semantic word fluency.

This finding is in accordance with the results of Lange et al*® who

examined baseline cognition in older breast cancer patients. They
reported that more than 40% presented with a CRCI at baseline and that
respectively 15%, 16%, and 21% of patients presented with an
impairment in the domain of processing speed, executive function, and
verbal episodic memory.3® Further, age-related decline on cognitive
functioning has also been noted in noncancer participants.** For exam-

ple, Kramer et al*?

stated that older healthy participants can present
with poorer verbal memory results when compared with their younger
counterparts.

Verbal episodic memory, as measured by the RAVLT delayed
recall, was also predicted by gender. These findings are in line with
those of Kramer et al*? who found comparable results in a group of
healthy individuals. In their study, they have noted that men perform
worse on a delayed recall test.*?

Our data further indicate that an active treatment for hypertension
predicts in part the outcome on the WAIS-III Digit Span, which
measures attention. It is known that hypertension influences cognitive
performance. Knecht et al*® reported that hypertension may account
for one-tenth of the cognitive impairments in nondemented commu-

nity-dwelling participants. Schilder et al® confirm this finding in a group
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of postmenopausal breast cancer patients. This finding is a reminder
that cancer occurs within the context of multiple comorbidities that
could each have its own influence on the patient's cognitive abilities
and that it is important to take these into account when conducting
clinical trials on CRCI.

A breast cancer diagnosis seems to affect performance on the
WAIS-III Digit Symbol. Although we could not find evidence to support
this finding at baseline, Schagen et al** reported that breast cancer
patients who were treated with chemotherapy (cyclophosphamide,
methotrexate, and 5-fluorouracil, a somewhat outdated treatment
scheme nowadays) performed worse on the WAIS Digit Symbol than
breast cancer patients who did not receive chemotherapy. As
previously mentioned, research on CRCl mainly focuses on breast
cancer patients. A possible explanation for this may be that breast
cancer patients are more emotionally open and express side effects
quicker than others. In our trial, comprising 44.0% breast cancer
patients, we found that—although not statistical significant—breast
cancer patients experienced more subjective cognitive complaints than
other cancer patients. On the contrary, a fewer percentage of breast
cancer patients than others were found to have CRCI (not significant,
data not shown).

The strengths of this study include several aspects. First, although
it is also listed as a limitation, we did include several cancer types. It is
known that most research on CRCI is performed in breast cancer
patients and that this is a shortcoming in current literature. Although
more researcher have gained interest in other cancer types, highlight-
ing that not solely breast cancer patients experience CRCI remains
important. Further, as a result of including a high number of breast
cancer patients, we were able to use this as a covariate in our analysis,
making it possible to see if breast or rather other cancer patients are
more prone to certain cognitive impairments. Second, we used the
DART to examine 1Q, which is a quick and easy assessment tool. Other
trials, investigating mainly postadjuvant treatment CRCI, used tests
such as the WRAT.3>%> Although clinically useful to screen for
premorbid intelligence, the WRAT can take up to 45 minutes to
administer depending on the age the patient, therefore making it less
useful to add to an already exhaustive list of neuropsychological tests.
Third, this trial includes a wide range of cognitive domains and
implements a number of tests that are advised by the ICCTF.*®
Further, we also chose to use their definition of CRCI to facilitate
comparing trial results with others. Last, our study tried to confirm
findings of the few researchers who have reported predictors of
baseline CRCI in cancer patients.

The results of our analysis need to be interpreted with caution.
First, we did not include a healthy control group. Nevertheless, we
compared our findings with the binomial probability distribution. We
estimated that approximately 17% of patients would score at least 2
SDs below the normative mean on a single test score when using a
neuropsychological assessment including 8 independent tests. Results
found a statistical significant difference indicating that our selected
population differs from healthy participants, thus only in part
explaining the influence of IQ, which is a known confounder of neuro-
psychological tests.’? Second, we have included patients of all cancer
types and did not find a normal distribution across the cancer types.

Although we believe that it is necessary to perform these studies in

patients diagnosed with all cancer types, it may mask certain differ-
ences. Nonetheless, statistical analysis revealed that the cancer type
did not influence overall impairment. Having a breast cancer diagnosis
did influence the outcome on the WAIS Digit Symbol. Further research
is warranted to compare breast and other cancer patients. Third, some
neuropsychological tests, such as the RAVLT and CFT, did not provide
optimal z-scores for older patients. z-scores can only be calculated in 3
age categories (>30, 30-50, and <50 years), which may result in more
impairments in older patients, because of this shortcoming in the nor-
mative data. On the other hand, when conducting the regression anal-
yses, age was included as a covariate. Further, the linear regression
analyses used raw test score instead of z-scores. Raw scores were
selected to be able to compare our results with findings of other
researchers. Therefore, the age and 1Q effect may be more present in
these results. Nonetheless, when using the standardized z-scores, 1Q
effects remain present in all domains. The influence of age remains
present in the RAVLT and both conditions of the TMT (data not
shown).

To the best of our knowledge, this paper is the first to report
baseline cognition of a heterogeneous group of cancer patients
scheduled to receive a curative treatment. Although future research
is needed to confirm our findings regarding medical and psychosocial
factors such as fatigue in particular, we advise other researchers to
include a short 1Q evaluation such as the DART, which is quick and
easy to administer, when conducting neuropsychological assessments
in clinical trials investigating CRCI.
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