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Abstract

Background. Neurocognitive impairments are common among brain tumor patients, and may impact patients’
awareness of performance in instrumental activities in daily life (IADL). We examined differences between patient-
and proxy-reported assessments of the patient’s IADL, and whether the level of (dis)agreement is associated with
neurocognitive impairments.

Methods. Brain tumor patients and their proxies completed the phase 3 version of the EORTC IADL-BN32 ques-
tionnaire measuring IADL, and patients completed six neurocognitive measures. Patient-proxy difference scores
in IADL were compared between patients who were defined as neurocognitively impaired (>2 neurocognitive
measures >2.0 standard deviations below healthy controls) and non-neurocognitively impaired. With multinomial
logistic regression analyses we examined if neurocognitive variables were independently associated with patient-
proxy disagreement in IADL ratings.

Results. Patients (n = 81) did not systematically (P < .01) rate IADL outcomes different than their proxies. Proxies
did report more problems on 19/32 individual items and all five scales. This effect was more apparent in dyads
with a neurocognitively impaired patient (n = 37), compared to dyads with non-neurocognitively impaired patients
(n = 44). Multinomial logistic regression analyses showed that several neurocognitive variables (e.g., cognitive
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flexibility and verbal fluency) were independently associated with disagreement between patients and

proxies on different scales.

Conclusion. Neurocognitive deficits seem to play a role in the discrepancies between brain tumor patients
and their proxies assessment of patient’s level of IADL. Although replication of our results is needed, our
findings suggests that caution is warranted in interpreting self-reported IADL by patients with neurocognitive
impairment, and that such self-reports should be supplemented with proxy ratings.

brain tumor | daily functioning | IADL | instrumental activities of daily living |
observer-reported | patient-reported

Neurocognitive impairments or reduced neurocognitive
abilities are common in patients with a primary brain tumor
or brain metastases, even before treatment." A brain tumor
disrupts the functional networks of the brain, causing epi-
leptic seizures and neurocognitive problems.?* Moreover,
most anti-tumor treatments can have a positive or neg-
ative effect on a patient’s neurocognitive functioning.
Although brain tumor treatments target brain cancer cells,
healthy brain tissue may also be affected by the treatment.
In addition, patients with brain metastases often undergo
systemic therapy for the primary tumor which also could
induce neurocognitive deficits. Chemotherapeutic drugs,
for example, have been shown to induce cognitive deficits
in several cognitive domains and is often described by
cancer patients as a brain fog. This phenomenon is fre-
quently referred to as “chemo-brain” and can persist for
months after treatment.®Therefore, neurocognitive impair-
ments can affect brain tumor patients during the entire dis-
ease and treatment trajectory.

Intact neurocognitive functioning is important in all
aspects of everyday life, particularly in complex activi-
ties of daily living that rely more heavily on higher order
neurocognitive functioning® such as managing per-
sonal finances, participating in traffic, using a mobile tel-
ephone, and caring for family members. Deterioration
of neurocognitive functioning has been associated with
more problems with such so-called instrumental activities
of daily living (IADL) in the general’ and elderly® popula-
tion, and in patients prone to neurocognitive impairments,
such as those suffering from dementia.® Despite being a
relevant outcome, IADL is not regularly measured in pa-
tients with brain tumors. An important reason for this is the
paucity of valid and reliable IADL questionnaires designed
specifically for this population.® At present, a European
Organisation for Research and Treatment of Cancer
(EORTC)' questionnaire to asses IADL in brain tumor pa-
tients is under development.

While the general consensus is that patients are the best
and most appropriate source of ratings of their functioning
and well-being,” studies with dementia patients have
suggested that neurocognitive impairments may limit
patients’ ability to accurately rate their own level of daily
functioning.”-'® Farias et al. (2005)" compared self- and
proxy-reported IADL impairments of four cognitive groups;
elderly cognitively healthy controls, two groups of pa-
tients with mild cognitive impairments (MCI) (i.e. memory

impaired and nonmemory impaired), and dementia pa-
tients.This study showed that, at the group level, proxies of
dementia patients reported significantly more problems in
IADL than the dementia patients themselves. For the other
three groups, patients reported slightly more problems
with everyday functioning than their proxies.This suggests
that the severity of neurocognitive impairments is an im-
portant factor in the level of disagreement in the assess-
ment of patient’s IADL between patients and their proxies.
Previously, Sneeuw et al. (1997) showed that proxies of
brain tumor patients tended to rate the patients as having
a lower quality of life than the patients themselves, partic-
ularly in patients with more physical and cognitive impair-
ments and those exhibiting mental confusion.™

Currently, it is still unclear whether brain tumor patients
and their proxies differ in their reporting on patient’s level
of IADL, and whether this is independently associated with
the level of neurocognitive functioning of patients.The aim
of this study, therefore, was to investigate if there were
differences between patient- and proxy-reported assess-
ments of brain tumor patients’ level of IADL, and if the dif-
ferences are related to neurocognitive deficits.

I
Methods

Study Population

We used data collected during the development of an
IADL questionnaire for brain tumor patients' according
to the EORTC procedures.' The study sample consisted
of an international group of adult patients with either a
histologically confirmed grade II-IV glioma, or brain me-
tastases from a histologically confirmed primary tumor,
and their informal caregiver as proxy. For proxies, daily or
weekly contact with the patient was a requirement to en-
sure reliable assessment of the patient’s daily functioning.
Patients were consecutively recruited in both academic and
non-academic outpatient clinics, irrespective of disease
stage and treatment status. Only the data from patients
and their proxies with available neurocognitive testing
data was used. Ethical and research governance approvals
were obtained at each participating center in accordance
with local requirements, and both patients and proxies
provided written informed consent before participation.
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Measures

Both patients (patient-based version) and their proxies
(proxy-based version) rated the 32 individual items of the
phase 3 version of the EORTC IADL-BN32 questionnaire’®
simultaneously at one time point (cross-sectional as-
sessment). The phase 3 EORTC IADL-BN32 questionnaire
showed favorable preliminary psychometric properties,
and is available for general use.'® While the proxy-based
version consisted of the same items as the patient-based
version, it referred to the patient’s level of functioning (i.e.
“Has he/she had difficulties with [..]”). ltems were scored
on a 4-point Likert-type scale ranging from “not at all” to
“very much” The EORTC IADL-BN32 comprises five multi-
item and two single-item scales' (see Supplementary
Material 1).The provisional multi-item scales cover: Scale 1
(Domestic activities), Scale 2 (Activities requiring extended
focus), Scale 3 (Modern devices and communication skills),
Scale 4 (Administrative tasks), and Scale 5 (Social activ-
ities). The single-item scales cover difficulty doing your job
(paid or voluntary) and difficulty managing own medica-
tion. Scale scores were calculated and linearly converted to
a score ranging from 0 to 100 (i.e. score of 0 indicating no
problems at all) in accordance with the EORTC IADL-BN32
manual.’” To compute a scale score, at least half of the
items in a scale had to be answered.

Patients also underwent neurocognitive testing using a
neuropsychological test battery. This battery, commonly
used in EORTC brain tumor studies,'®?® consists of 3
neurocognitive tests comprising 6 different neurocognitive
measures: the Hopkins Verbal Learning Test-Revised
(HVLT-R)?* (direct recall, delayed recall and recognition dis-
crimination [number of true positives — number of false
positives]), the Trail Making Test (A+B)?® (information proc-
essing speed [TMT-A] and cognitive flexibility [TMT-B])
and the Controlled Oral Word Association Test (COWAT)?¢
(verbal fluency). The six neurocognitive measure z-scores
were calculated based on norm scores.?4#?728 The more
stringent z-score of >2.0 standard deviation (SD) below the
norm scores was used to indicate presence of cognitive
impairment.?® Patients with >2 impaired neurocognitive
measures were considered neurocognitively impaired. In
addition, the patients also completed a patient-reported
subjective neurocognitive complaints questionnaire (as
measured with the Medical Outcomes Study Cognitive
Functioning Scale-Revised (MOS-COG-R)3).

Statistical Analysis

Descriptive statistics were used to describe the
sociodemographic and clinical characteristics of the parti-
cipants. As the EORTC IADL-BN32 does not have an overall
sum score, all analyses were done at scale or individual
item level.

At the group level, differences between patients and
proxies were examined for each of the 32 individual items
and for each scale using nonparametric paired samples
tests to examine the possible presence systematic re-
sponse biases. The magnitude of any observed systematic
bias was examined with the effect size for paired observa-
tions according to Cohen’s classification, with d = 0.2 as

being a small effect size, d= 0.5 as moderate and d=0.8 as
large.To analyze each patient and proxy difference, patient-
proxy difference scores were computed by subtracting the
patient’s scores from their proxy’s scores. The difference
could range from -100 to 100. Positive differences indi-
cated that patients reported more problems on that scale,
while negative differences indicated that proxies reported
more problems. Larger differences suggest a larger dis-
crepancy between patients and proxies. The level of agree-
ment between patient and proxy scores was evaluated
using Bland-Altman plots, including the calculation of the
mean difference between patients and proxies and the 95%
confidence interval (Cl) limits of the differences, and a re-
gression line with 95% CI limits.

Subsequently, Mann-Whitney U tests were per-
formed to identify any significant differences
between neurocognitively impaired patients and non-
neurocognitively impaired patients in patient-proxy dif-
ference scores for each of the 32 individual items as well
as at the scale level. Patient-proxy differences were then
categorized into “(dis)agreement groups” For multi-item
scales, patient-proxy dyads were 1) in agreement (de-
fined as <10% under or above perfect agreement), 2) pa-
tients reporting more problems than their proxies, and
3) proxies reporting more problems than the patients. For
the single-item scales, classifications were based on 1) in
agreement, 2) patients reporting more problems, and
3) proxies reporting more problems. Pearson chi-square
tests were used to determine if there were significant dif-
ferences in neurocognitive status between the three (dis)
agreement groups.

Lastly, independent associations between neurocognitive
variables and the (dis)agreement groups were evaluated,
specifically if neurocognitive variables were related to
proxies reporting more problems, using univariable and
multivariable multinomial logistic regression analyses (with
the in agreement group as reference group). Relevant vari-
ables with P < .10 in the univariable analyses were included
in the multivariable analyses (entry and removal likelihood
ratios were set at P < .05). The univariable analyses included
neurocognitive variables as well as sociodemographic and
clinical variables to examine how they related to the two (dis)
agreement groups. The neurocognitive variables included
the number of impaired neurocognitive measures to eval-
uate the extent of the neurocognitive impairment, as well as
the score on specific neurocognitive measures separately.
The sociodemographic variables included patients’ age,
sex, and level of education (low [score 1-4] vs. high [score
5-8]; according to the International Standard Classification of
Education (ISCED)3'), proxy type (partner vs. other) and dura-
tion of relationship in years. Clinical variables included tumor
type (primary vs. metastatic brain tumor), tumor location
(focal vs. diffuse), Karnofsky Performance Status (KPS) (able
[KPS > 70] or unable [KPS < 70] to perform normal activities),
active tumor treatment (no current active tumor treatment
vs. current active tumor treatment) and patients with and
without “above average” (i.e. z-score of >1.0 SD below the
norm scores?®) patient-reported subjective neurocognitive
complaints. Multivariable backward stepwise multinomial
logistic regression analyses were performed for each of the
five multi-item and the two single-item scales to determine
which variables were independently associated with the two
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(dis)agreement groups, i.e. patients reporting more problems
and proxies reporting more problems. Before performing
the multivariable analyses, all relevant variables resulting
from the univariable analyses were first checked for poten-
tial multicollinearity using multiple linear regression colline-
arity. Variables with multicollinearity (i.e. VIF < 10 orTolerance
>0.1) were excluded. In addition, sensitivity analyses were
performed with stricter (<15% under or above perfect agree-
ment) and less strict (<56% under or above perfect agreement)
scale difference scores (Supplementary Material 3). For all
statistical analyses, IBM SPSS version 26.0%2 was used. As
this was an exploratory study, no multiple testing correction
was implemented. However, a more stringent P-value of <.01
was used as statically significant when analyzing patient-
proxy differences on the multiple scales. For the multivariable
multinomial logistic regression analyses a P-value of <.05
was used.

I
Results

Data from 81 primary or metastatic brain tumor patients
with neurocognitive data available and their proxies were
analyzed to gain preliminary insight in the relation be-
tween neurocognitive deficits and differences in IADL as-
sessment between patients and their proxies. Participants’
sociodemographic and clinical characteristics are described
inTable 1.

(Dis)agreement Between Patient- and Proxy-
Reported Level of IADL

At the group level, proxies reported more problems on 27/32
individual IADL items and all multi-item scales than the pa-
tients themselves, although not on a statistically significant
level. Only one individual item showed a statistically signif-
icant systematic response bias of P < .01 with a small effect
size (i.e. “difficulty performing your daily activities without
help of others’ patients M = 1.58 vs. proxies M = 1.86, P< .01,
d=0.3) (see Supplementary Material 2 for patient-proxy dif-
ferences and effect sizes). Review of the Bland-Altman plots
(Figure 1) revealed that there was a good deal of variation
between patient-proxy dyads’ assessment of patient’s level
of IADL, with 95% confidence interval limits being approx-
imately 50 and -50 (on a range between -100 to 100). For
Scale 1 (Domestic activities), Scale 3 (Modern devices and
communication skills), and Scale 5 (Social activities), there
was a significant deviation from a linear association be-
tween the assessment of patients and proxies, with proxies
reporting more problems than patients. This trend was also
observed for the other two scales and the two single-item
scales, although not significant.

Patient-Proxy Difference Scores Between
Neurocognitively Impaired and Non-
Neurocognitively Impaired Patients

Figure 2A,B shows a comparison of patient-proxy dif-
ference scores of neurocognitively impaired and non-
neurocognitively impaired patients, respectively. Although
no significant (P < .01) differences were found on either the

individual item or scale level, neurocognitively impaired pa-
tients reported more problems than their proxies on only
2/32 individual items (i.e. “difficulty having a one-on-one con-
versation in noisy surroundings” and “difficulty reading”),
whereas non-neurocognitively impaired patients reported
more problems compared to their proxies on almost half
of the individual items (15/32). Similarly, at the scale level,
proxies of neurocognitively impaired patients reported more
problems than the patients themselves on all five scales,
while non-neurocognitively impaired patients reported
more problems compared to their proxies on 4/5 scales.
The largest patient-proxy difference score discrepancies be-
tween neurocognitively impaired and non-neurocognitively
impaired patients were for the individual items “difficulty
learning new things’ “difficulty performing your tasks at
work’; and “difficulty participating in a group conversation”
The association between neurocognitive status and the
patient-proxy agreement groups is depicted in Figure 3.
Depending on the scale, between 34.7% and 58.9% of the
patient-proxy dyads were in the in agreement group, be-
tween 16.4-34.7% in the patients reported more problems
group, and between 20.0-37.7% in the proxies reported
more problems group. The in agreement and patients re-
ported more problems group reflected most often non-
neurocognitively impaired patients, while the proxies
reported more problems group reflected most often
neurocognitively impaired patients. Significant differ-
ences between the three subgroups were found for Scale
3 (Modern devices and communication skills; y = 9.73,
P = .01), Scale 5 (Social activities; yy = 10.66, P = .01), and
Single item 1 (Difficulty doing your job; y = 6.69, P=.04).

Association of Sociodemographic, Clinical, and
Neurocognitive Variables With Patient-Proxy
(Dis)agreement Groups

None of the sociodemographic variables had a statistically
significant association with either the patients- or proxies
reporting more problems (dis)agreement group. The
univariable multinomial logistic regressions did show an
association between various neurocognitive and clinical
variables and the (dis)agreement groups on the assessed
scales (Table 2).

The multivariable analyses revealed which clinical vari-
ables and neurocognitive measures were independently as-
sociated with which (dis)agreement group (also seeTable 2).
Neurocognitive variables showed independent associ-
ations with proxies reporting more problems; namely im-
paired information processing speed for Scale 1 (Domestic
activities), impaired verbal fluency for Scale 2 (Activities
requiring extended focus), impaired cognitive flexibility for
Scale 5 (Social activities), and a higher number of impaired
neurocognitive measures for Scale 3 (Modern devices and
communication skills) and Scale 4 (Administrative tasks).
In addition, clinical variables independently associated
with proxies reporting more problems were found for
scales 1 and 3 with respect to a KPS score <70 and having
a metastatic brain tumor for scale 5. No neurocognitive
variables were found to be independently associated with
patients reporting more problems. In this group, the only
significant independent association was found between
undergoing active tumor treatment and scale 4.
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&
Table1. Participants’ Sociodemographic, Clinical, and Neurocognitive Characteristics § ﬁ
- O
g2
Participants, N 81 81 =]
Sex (male), N (%) 32 (39.5%) 32 (39.5%) 8
Age, mean (SD) 58.2 (11.7) 57.7 (11.7) ‘8'_.
Level of education [1-8], median [range] 3[1-8] 4[1-7] <
Type of proxy, N (%)
Partner 60 (74.1%)
Other (e.g. parent/child/sibling) 21 (25.9%)
Duration relationship (in yrs), mean (SD) 32.9 (14.20)
Tumor type, N (%)
Glioma 43 (53.1%)
Diffuse astrocytoma, IDH-mutant + 1p/19q noncodeleted 2(4.7%)
Diffuse astrocytoma, IDH-mutant + unknown 1p/19q-codeletion 2 (4.7%)
Oligodendroglioma, IDH-mutant + 1p/19q-codeleted 2 (4.7%)
Diffuse astrocytoma, IDH-wildtype 1(2.3%)
Diffuse astrocytoma, NOS 11 (25.6%)
Anaplastic astrocytoma, IDH-mutant 1(2.3%)
Anaplastic oligodendroglioma, 1p/19p-codeleted 4(9.3%)
Anaplastic glioma, NOS 2 (4.7%)
Glioblastoma, IDH-mutant 1(2.3%)
Glioblastoma, IDH-wildtype 10 (23.3%)
Glioblastoma, NOS 7 (16.3%)
Brain metastases 38 (46.9%)
1-3 brain metastases 21(25.9%)
>3 brain metastases 17 (21.0%)

Tumor location, N (%)

Frontal 24 (29.6%)
Temporal 12 (14.8%)
Occipital 5 (6.2%)
Parietal 8(9.9%)
Multiple 29 (35.8%)
Other 2 (2.5%)
Unreported 1(1.2%)
KPS score, median [range] 80 [40-100]
Subjective neurocognitive complaints (MOS COG-R), median [range] 29 [6-36]
Above average subjective neurocognitive complaints (MOS COG-R), N (%) 56 (69.1%)
Treatment status (active anti-tumor treatment), N (%) 24 (29.6%)
Neurocognitively impaired, N (%) 37 (45.7%)
Direct recall impaired, N (%) 21 (25.9%)
Delayed recall impaired, N (%) 25 (30.9%)
Recognition discrimination impaired, N (%) 8(9.9%
Information processing speed impaired, N (%) 22 (27.2%)
Cognitive flexibility impaired, N (%) 45 (55.6%)
Verbal fluency impaired, N (%) 18 (22.2%)

N, number; SD, standard deviation; yrs, years; LGG, low grade glioma; HGG, high grade glioma; KPS, Karnofsky Performance Score; MOS COG-R,
Medical Outcomes Study Cognitive Functioning Scale—Revised.
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Figure 1. Bland-Altman plots for each multi-item scale and the two single-item scales depicting the mean with confidence interval limits, as well

as a regression line with confidence interval limits.

With regards to the single-item scales, the sample size
that could rate Single item 1: Difficulty doing your job (paid
or voluntary) was too small (n = 30) to perform a reliable
multivariable regression analysis (many patients were not
employed), and for Single item 2: Difficulty managing own
medication, no variable was significantly associated with
either (dis)agreement group.

Sensitivity analyses with more and less strict cutoffs for
agreement had an impact on which outcomes were asso-
ciated, although they were all related to neurocognitive or
clinical functioning (Supplementary Material 3). Indeed,
the type of neurocognitive variable varied, or additional
neurocognitive or clinical (i.e. above average subjective
neurocognitive complaints or a KPS score of <70) variables
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Figure 2. Average mean difference scores between patients and proxies for each of the 32 individual items separately (A) and for the five multi-
item scales (B), presented separately for neurocognitively impaired and non-neurocognitively impaired patients.

were found to be independently associated with either the
patients- or proxies reporting more problems (dis)agree-
ment group for the different scales.

I
Discussion

These first analyses towards a better insight in the poten-
tial effects neurocognitive deficits could have on self-as-
sessment of IADL in brain tumor patients suggests that

patients and their proxies differ in their assessment of
the patient’s instrumental daily functioning, particularly
when patients are cognitively impaired. In general, pa-
tients with neurocognitive impairments reported fewer
problems with IADL compared to their proxies. In pa-
tients without extensive neurocognitive impairments,
there tended to be better agreement between patient-
and proxy-rated IADL problems, with patients even re-
porting more problems with IADL than their proxy in
almost half the individual items.
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Figure 3. Percentage of patient-proxy dyads in each (dis)agreement group (i.e. no agreement, patients reported more problems or proxies re-

ported more problems) per neurocognitive status.

The multivariable multinomial logistic regressions ana-
lyses revealed that neurocognitive variables were the vari-
ables most strongly associated with the proxies reporting
more problems group, although the specific variables dif-
fered per scale (e.g. associations with either information
processing speed, verbal fluency, or cognitive flexibility).
This is not unexpected in that the different scales may as-
sess IADLs that rely on different neurocognitive domains.
Hall et al. (2011),%8 for example, found that even at the in-
dividual item level, intact executive functioning predicted
independence in medication management, transporta-
tion, laundry, and housekeeping, while intact memory
and learning capacity predicted independence in finan-
cial management, shopping, and telephone use in pa-
tients with mild Alzheimer’s disease. Further, the effects of

neurocognitive impairments on the ability to assess one's
own level of functioning is complex. The mere presence of
neurocognitive impairments does not automatically mean
that the patient has decreased awareness of his/her level of
functioning,® but perhaps decreased awareness is related
to damage to specific brain regions associated with meta-
cognition, self-reflection, and/or memory.® This might also
explain the variation in agreement observed among patient-
proxy dyads, even when patients have similar levels of
neurocognitive functioning. Nevertheless, on a group level
patents and proxies did not seem to differ, which is in con-
trast to findings in other patient populations,”-'3 suggesting
that multiple brain functions are involved. Indeed, many
cognitive problems cannot be explained by tumor location
or volume alone,?®38 and presumably also problems with



Oort et al. Differences in brain tumor patient- and proxy-reported IADL

Neuro-Oncology
Practice

oL> [99'6-€8°0] L8'C (29°0)€0'L [|e984 30811p Y-ITAH Paliedw

paJiedwi

co’ [LOc-L0'L]16¥'L  (LL°0) 0’0 99 [6€'L-09°0] L6°0 (2Z'0)OL'0O— LO’ [zl'z-60'Ll12s'L  (LL0)evo sainseaw aAlIUBOO0INBU JO JBqUINN
gL [egv—€€0l Lzl (89°0)vC0 20" [€0°6L-82L]l V67 (69°0) 09'L 20" [£6'91-GZ'L] 09'F (£9°0) €G'L juswleall 8AOY
(02 = u) sjuailed<saixoid 1 (0Z = U) sdIxXoid<siuailed (L/ = U) s)se} dAljelISIUIWPY :p 3]edg

20 [8L11-0£L] 08 (£9°0) &L 1VMOJ peutedu|

L0’ [Lg'9L-LeL] 08Y (¥9°0) LG'L V-LINLpaitedw

50> [LL'LL-€0°L] 8€'E (L9°0)cTL ||eoa1 paAejap H-ITAH paiiedu)

80’ [SLLL-£80] LL'E  (99°0) vL'L ||e981 10841p Y-1TAH Pasiedw|

pasieduw

20’ [6'c—0L°L]1G9°L (L2°0) 050 9T [£8'1-G8'0] 9Z'L (0Z'0)€CO LO™> [ezz—€LLl 6L  (LL°0)9P'0 saJnseaw aAIHUB0204NdU JO JaquINN
50> [LL'LL-€0'L]8€€ (L90)cTlL JUBWIIRAI} DAY

10"> [cL'L6l—2l2l 91’0 (SL°L) 00°€ LO° [2P'L8-98'0]10€'8 (LL'L)CL'C LO™> [S6'CEC—16'C18L'9Z (CL'L) L2'€ 90" [E0£8-€6'0]100'6 (9L°L) 0C'C 0/> 8109 S}
(6L = u) syuaned<saixoid 13 (0Z = U) SaIX0id<siuaned (£/ = u) S||P|S UOIIBIIUNWWOD PUe SIIIASP UIBPOYA| € 3|edS

10" [98ZL-0v'L]00'S (59°0) L9'L Lg° [8L'2-€00]1G2°0 (LL'L)6BEL— LO® [8£1-0¥'L] 00'G  (59°0) LO'L 1VMOD paiiedw
90" [eL0L-G6'0] 0C°€ (29°0)9L'L ||eoal paAe|ap Y-IAH patiedw)

0" [96'€1-80°L] 68°€ (59°0) 9€'L |1B984 10841p Y-1TAH padiedw)

paJredwi

10’ [gLz-60'L1 25l (LL0)evo seinseaw 8A1}UB020IN8BU JO JaquinN

90° [£511-G6°0] LE'E (#9°0)0Z'L LO° [92°6-€6°0] ¥6°C (65°0) 80'L— 81095 Y-HOJ SOIN 2belane anoqy

100 [L¥ge—8rLloL's (69°0)GL'L 0/5 8109S S|

(9L = u) syuaned<saixoid 13 (zz = U) SAIX014<Sluaned (08 = U) SN20} papualxa Buuinbai sanIANoY :Z 8|eds

20’ [ar'sL-8C'LIvPy  (¥9°0) 617'L 1VYMOD paiiedw|

100 [18'G2-LS'L1G¢9 (2£0)€8L 6L° [vr'9L-£50] LO°E (98°0)CL'L LO™> [20°9€-8G°¢1 096 (£9°0)GC'C LO' [6L°0¢—88°0l¢C'v (08°0) vl V-LINLpaitedw
L0" [£8°0¥-88°0]1 00'9 (86°0) 64°L UOREUIWILIOSIP UOIUBOD8I Y- TAH paitedw|

20" [p60L-8L°L] 09°€ (£9°0)8T'L ||eoa1 paAe|ap Y-ITAH paiiedwy

20 [eovi-LeLl ey (L9°0) 9v'L ||eoa1 30841p Y-1TAH pattedw

patiedwi

10> [¥Z'z-9L'1129°L (LL0)8¥0 salnseaw aAIUB0201NdU JO Jaquunp

60" [eL1L-v80lvl'e (£L9°0)GL'L 8109s Y-HOJ SOIN abelane anoqy

10> [20°€9-90°Z] 6€'LL (£8°0)Ev'c LL [898L—¢L'0] L'l (6Z°L)6E0 LO™> [05'98-LEE]C69L (€8°0) €8T 0/S 9409S S|
(¥2 = u) syuaned<SaIX0id 1R (EL = U) SAIX0IJ<SIUdNEJ (6L = U) SA1IIAIDE d13SaWO( :| 3|eas

[19 %S6] HHO (3s)a d [19 %S6] HHO (3s)a d [19 %S6] HHO (3s)a d [19 %56] HHO (3s) g

Sjuslled<salxoid S9IX0.id<slualied Sjuslled<salxoid SaIX0ld<siualied

suoissaibai 013s160| [elwOUNW B[geLBAI}NIA suolissaibai 213s160] [elWOUNW B|gelBAIUN

suoissalBay ansifoT [eiwourynyy asimdalg piemyoeg a|jqeLieAlN|A pue a|qeLIBAIuN  Z 3]qeL



Oort et al. Differences in brain tumor patient- and proxy-reported IADL

18] UONEII0SSY PO

[e4Q Pa|j0J1u0] ‘IYANDD ‘S8l Bunjely j1edL ‘LINL ‘pasiney-1sa) BuiuleaT |eqiap sunjdoH ‘Y-1TAH ‘pasinay—ajeas Buiuonound aamubon Apnig sawoaing [eaIpajA ‘U909 SOIA ‘81098 souewlopiad Aysjouley] ‘Sd

10>

0>

‘uoissaibal 913sifo| [elwoOUNW d)BLIBAINW J0J |[BWS 00} 8ZIS 8|dWweS,
-, Juawaaibe uj saixoud pue sjuaned, = A10Haled aguaiaay "papn|oul a1am sasAjeue a|qeLIBAIUN 8YL Ul Q| >4 S3|GBLIEA ||

90"  [8€'LL-¥6'0] LZ'E (¥9°0)6LL ||e981 10841p Y-1TAH patiedw|
(ZL = u) syuaned<saIxoid 1R (8L = U) SAIX0I4<SIUdiled (£/ = u) uoieaipaw umo Buibeuew Aynayq :z wal a|bulg

80’ [9L'0v-z8'0]18L'G (00°L) GL'L 1VMOD padtedw|
14} [69°9.~vLLl€c6 (80°L)€CC V-LINLpaiteduw)
paJsiedw

€0’ [Lyy—60'L] LTC (9€°0) 6L°0 sainseaw 8A11UB020INBU O JaquinN
G§0™> [00°95-¢0°L] 092 (20'L) 20T JUBWI1LaI] BAOY
60> [86'0-20°0]l€L'0 (2O'L)20Cc— 0> [86°0-¢0°0l€L'0 (20'L)20C— Jowny uielq Arewd
«(£ = u) syuaned<saixoid 1 (£ = u) saixoid<siuaied (0€ = u) (Arejunjon 10 pied) gof snoA Buiop Aynayyiqg ;L way ajbuig
90° [z611-€6'0160°L  (GL°0) LY'L 1VYMOD paitedw|
[8e9e-0C°Cl ¥6'8 (2L0)6L°C LL’ [c0'6-08'0] 69°C (29°0)66'0 LO™> [9€'8L-95°L] SE€'G (£9°0) 89'L g-LINLpaJtedw)
10> [LL'0E-P9°L1 €0L (PL°0) G6°L V-LINLpaitedw|
90" [£6'82-£6'0]1 G2'G (98°0)99'L G0> [LZ'8Z-LO'L] €€'G (G8°0) L9'L [18994 30811p Y- TAH paJtedw|
pasiedw

10> [0LZ-6LL]16L1 (L2°0)85°0 sainseaw aAjub020IN8U JO Jaquinp
[€9'0-¥0°0] 910 (0£°0) G8'L-LL [gZ'L-11'0] £E70 (€9°0) LO'L— %0 [€670—60°0] £Zz'0 (09°0) GZ'L— Jowny ujeiq Asewy
€0’ [ovL6-€C’L]v6°0L (CL'L)6ET 0/S 84098 Sd)
(€2 = U) s)UBNRY<SAIX0Id 1 (9Z = U) SAIXOIJ<SIUdNRd (G/ = U) SIIIIAIOR [BI90S G d|edS

60’ [£G1-£80]199'C (SG°0) ¥6°0 g-LINLpaliedw
20’ [G9z1-s€°L188F (99°0) 85'L V-LIALpaliedw)
LO° [za'6-€6'0186'C (65°0) 60°L ||e9a4 paAe|ep Y-ITAH pediedw)

[19 %56] HHO (I3sla d [19 %56] HHO (3s)a d [19 %56] HHO (I3sla d [19 %56] HHO (3s) a

Sjualled<salxold S8IX01d<Ssiualied Sjualled<salxold S9IX0.d<S}udliied

suoissaibal 213s160| [elWIOU} NW B|qelIeA suoissalbal 013s160]| [elWOU}INW B|qelleAluN

panupuoy  ‘Ze|qer



Oort et al. Differences in brain tumor patient- and proxy-reported IADL

IADL, and future studies should therefore address the rela-
tion between tumor location, volume, and functional brain
networks, and problems with IADL.

The multivariable multinomial logistic regression analyses
also showed an independent association between having a
metastatic brain tumor and proxies reporting more problems
on the Social activity scale, in addition to cognitive flexibility,
but not for the other scales. More in-depth research should
be performed to determine the interplay between tumor-
induced and treatment-induced neurocognitive deficits (e.g.
“chemo-brain”) and the difference in the assessment of IADL
between patients and their proxies.

This study has some limitations with respect to the sample
size and population, and lack of inclusion of possible con-
founding variables. First, no variables were found to be clearly
independently associated with the IADL scales in the patients re-
porting more problems group. Even variables such as patients’
self-reported subjective cognitive complaints were not found to
be independently associated with this (dis)agreement group.
This could be related to the relatively small sample and the het-
erogeneous brain tumor population, as this study included a
small population (n = 81) of both primary and metastatic brain
tumor patients in all stages of their disease. As has been re-
ported in previous research,>'° none of the sociodemographic
variables and only some of the clinical variables were associ-
ated with either patients or proxies reporting more IADL prob-
lems. However, perhaps other potentially relevant variables not
considered in this study, such as patients’ and proxies’ person-
alities, mental state (i.e. proxy’s level of psychological distress
or perceived burden) during the assessment and other psycho-
logical factors (i.e. mood disorders), could have played a role
in the patient-proxy disagreement. It could be argued though,
that these factors may have a larger effect on more subjective
measures, such as pain or feelings of anxiety, than on the more
observable daily functioning activities.?*4? In addition, the norm
data used in this study to assess the neuropsychological tests
are somewhat outdated, but it is expected that the categoriza-
tion of patients into impaired or nonimpaired is not impacted.

The findings in this study raise the question who can best
rate the brain tumor patients’ level of IADL, particularly when
significant neurocognitive impairments are present. Objective
IADL performance assessments, not included in the present
study, might be necessary in determining who can most accu-
rately rate the patient’s IADL and what role neurocognitive im-
pairments play, as they assess IADL in a standardized context
and typically are precise and sensitive to changes. However,
studies comparing objective and subjective assessments
of everyday activities have not always found strong associ-
ations. Sadek et al. (2011)*' did find significant correlations of
moderate strength between a performance-based battery of
daily living skills, and the self- and informant-reported version
of the Functional Activities Questionnaire (FAQ) in stroke pa-
tients. However, other studies in patients with multiple scle-
rosis,*? patients with Parkinson’s disease,”® and cognitively
healthy older adults* did not observe a significant association
between performance-based and self-reported IADL. The cor-
relation between a performance-based and self- and proxy-
reported IADL score in older adults with MCI was found to be
significant, but weak.*®> Despite the seemingly inconsistent
results between subjective and objective IADL measures in
other patient groups, future research is needed to determine
the concurrent validity between performance-based IADL and

the corresponding self-reported and proxy-reported IADL, to
evaluate which type of assessment is more informative to as-
sess IADL in brain tumor patients. The downside to objective
assessments of IADL performance is that they often assess
a limited number of aspects of IADL (e.g. cooking, grocery
shopping or managing finances) and are an assessment of
a patient’s ability on that particular day. Moreover, there are
often no premorbid assessments and it is, therefore, difficult
to gain insight in potential subtle changes in abilities over
time, which could have been observable to proxies as they
typically know how the patient functioned before the dis-
ease onset. Lastly, in terms of practicality, performance-based
measures take time which may be perceived as a barrier in
busy clinics. Nevertheless, it remains to be investigated to
what extent the EORTC IADL-BN32 questionnaire correlates
with performance-based measures. Currently, new technolo-
gies are being explored to objectively assess IADL perfor-
mance. Virtual Reality*® and smart homes* seem promising
methods for objective assessment of IADL performance in pa-
tients with mild cognitive impairments.

Our results suggest that patients with a brain tumor and
their proxies differ in their assessment of patient’s level of
IADL and that neurocognitive impairments seem to be asso-
ciated with this patient-proxy (dis)agreement. Future studies
should address the exact role between neurocognitive im-
pairments and neurocognitive decline over time, and the
level of patient-proxy (dis)agreement, focusing on the asso-
ciated neurocognitive domains and underlying functional
networks. Data from the phase IV validation study may be
used to (partly) answer this question. Whether the patient or
proxy evaluation of patient’s level of IADL is most accurate
remains to be determined, but it does appear that caution is
warranted with the self-reported IADL by brain tumor patients
with neurocognitive impairments. Therefore patient-reported
IADL should be supplemented with the proxy-reported as-
sessments in cases when neurocognitive impairments are
apparent to gain a better picture of the patients IADL func-
tioning. Future efforts in the development of a reliable and
valid IADL instrument includes establishing the concurrent
validity between objective assessment of IADL performance
and self-reported IADL in brain tumor patients.

|
Supplementary material

Supplementary material is available at Neuro-Oncology
Practice online.
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