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Abstract

The aim of this study was to examine cognitive performance in patients prior to bone marrow or haematopoietic stem cell trans-
plantation (SCT) and in haematological patients who received non-myeloablative cancer therapies. A consecutive sample of 101
SCT patients and 82 haematological patients completed a neuropsychological test battery and five questionnaires assessing subjec-
tive cognitive complaints, psychological functioning, health-related quality of life and fatigue. Results were compared with norma-
tive data. Percentages of cognitively impaired patients were equally divided between groups. Most deficits were observed in visual
memory, visuospatial and constructional ability and psychomotor functions. The SCT group showed a higher rate of anxiety cases
and reported lower cognitive, emotional and social functioning. Results of neuropschychological testing were not associated with
outcome of the questionnaires. This study showed impaired cognitive performance prior to SCT. Haematological patients treated
with non-myeloablative cancer therapies proved to be a reliable reference group for longitudinal studies.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

With more effective anticancer treatment, late side-
effects of treatment are an increasing source of concern.
This also holds for cognitive dysfunction. The most con-
sistent cognitive deficits in patients treated for advanced
malignancies outside the central nervous system (CNS)
involve executive function, verbal memory and motor
skills [1]. Even though most of these cognitive changes
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are mild or subtle, they can affect many aspects of pa-
tients’ lives and have serious consequences for health-
related quality of life (HRQOL), family role functions
and employment status or vocational training.

Bone marrow or haematopoietic stem cell transplanta-
tion (SCT) in adults with haematological malignancies is
a potential cause of cognitive dysfunction [2-12]. SCT pa-
tients are exposed to a variety of profound neurotoxic
influences over a prolonged period. Firstly, most patients
have faced intensive treatment schedules, such as high-
dose systemic chemotherapy, intrathecal chemotherapy
or relapse therapies, before undergoing SCT [13,14]. This


mailto:m.vandenbent@erasmusmc.nl

1008 H. Harder et al. | European Journal of Cancer 41 (2005) 1007-1016

is followed by the induction phase of SCT, which involves
high-dose myeloablative chemotherapy with or without
total body irradiation (TBI) [15]. Finally, post-engraft-
ment, many patients need long-term immunosuppression
with steroids or cyclosporin, they are at risk of opportu-
nistic infections caused by immunosuppression and they
experience acute or chronic graft versus host disease
(GVHD) [16]. All these factors put SCT patients at an
increased risk of CNS damage and result in possible
long-term cognitive deficits. In a retrospective study of
cognitive functioning in adult survivors of SCT, we ob-
served that a significant proportion of patients experi-
enced ongoing cognitive problems several years after
SCT treatment [11].

The curative intent of SCT underscores the impor-
tance of evaluating long-term cognitive performance in
these patients. Better insight and understanding of the
cognitive consequences of SCT can be obtained by using
a longitudinal repeated measurement design with a pre-
SCT assessment. A pre-treatment measurement is of
pivotal importance because it allows for differentiating
between observed deficits due to the SCT procedure,
the ensuing treatment and complications on the one
hand, and deficits induced by the disease itself, pre-
SCT treatment or confounding factors, such as psycho-
logical distress, on the other hand. Previous prospective
reports showed cognitive deficits prior to SCT treatment
in up to 60% of patients [4,5,12]. Although most of these
studies used measures of psychological functioning, all
failed to incorporate an appropriate reference group,
which is necessary to draw conclusions about the under-
lying causes of the observed effects. However, there are
inherent difficulties in selecting a reference group. Differ-
ences in pre-SCT treatment schedules, in particular in
the intensity of chemotherapy, may cause varying de-
grees of cognitive deficits prior to SCT. In the present
study, we therefore assessed cognitive performance, psy-
chological functioning, fatigue and HRQOL in SCT pa-
tients prior to SCT and in a group of patients with
haematological malignancies who were treated with sys-
temic chemotherapy and/or involved-field radiotherapy.
The objectives were to study pre-SCT cognitive func-
tioning in a sufficiently large sample of SCT patients
and its relation to potential confounding factors, and
to investigate whether a group of patients with haemato-
logical malignancies treated with non-myeloablative
cancer therapies can be used as a clinically relevant ref-
erence group in future longitudinal studies.

2. Patients and methods
2.1. Patient accrual and study procedure

SCT study participants and patients for the reference
group were recruited from the outpatient clinics of the

Departments of Haematology and Radiotherapy of
the Erasmus Medical Center, Rotterdam (n = 169) and
the Department of Haematology of Leiden University
Medical Center in The Netherlands (z = 14). Inclusion
criteria were: completion of (pre-SCT) treatment for a
haematological malignancy, age 16-65 years and fluent
in Dutch. Patients were excluded in cases of previous
or current neurological or psychiatric disorders with
known impact on cognitive and/or motor functions,
and in cases of previous or current substance abuse. Pa-
tient accrual began in June 1999 and lasted until Decem-
ber 2001. All patients were asked by their doctor to take
part in the study. An appointment for assessment of the
patient was scheduled before starting SCT induction
regimens. The institutional ethics committee for each
participating centre approved the research protocol
and all patients provided written informed consent.
Medical data were collected from the patients’ records.
Performance status was assessed using the Karnofsky
performance status scale (KPS) [17].

2.2. Assessment of cognitive performance

A comprehensive test-battery was designed to assess
four cognitive domains: Memory and learning: the
Dutch version of the California verbal learning test
[18], the Rey complex figure test and recognition trial
[19], the Benton visual retention test [20]; Attention and
executive functions: Category wordfluency [21]; Digit
span [22], the abbreviated Stroop colour-word test
[23,24], Trails A and B [25], the D2 test [26]; Visuospatial
and constructional ability: the Rey complex figure test-
copy trial [19], Block design [22]; Psychomotor functions:
Digit symbol [22], Finger tapping [27]; the Reaction time
test [28]. In addition, the Dutch version of the National
Adult Reading test [29] was used to estimate pre-morbid
intelligence level. All tests were selected with regard to
available normative data and their sensitivity to measure
specific cognitive deficits. The tests were administered in
the same order to each patient and the assessment took
approximately 2 h to complete.

2.3. Assessment of subjective cognitive functioning

The Dutch version of the Cognitive Failure Question-
naire (CFQ) was administered to measure the frequency
of everyday cognitive failures in memory, attention, ac-
tion and perception [30]. It has 25 items with a 5-point
scale from 0 (never) to 4 (very often). Raw scores were
transformed and a total CFQ-score was computed by
summing the item scores. The total CFQ scores range
from 0 to 100, with higher scores indicating more cogni-
tive failures. Additionally, all patients (except for those
who reported no cognitive failures) indicated if they
experienced an increase in cognitive failures in the last
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year, if they were hindered, worried and annoyed about
the cognitive failures.

2.4. Assessment of psychosocial functioning, fatigue and
HRQOL

The Hospital Anxiety and Depression Scale (HADS),
comprising 14 items, was used to screen for anxiety and
depression [31]. A cut-off level of >10 points for both
subscales was used to identify potential clinical cases
[32]. The severity of psychological reactions to disease
and treatment was evaluated with the Impact of Event
Scale (IES) [33]. The IES relates to specific events asso-
ciated with stress disorders and is based on a list of com-
ments composed of commonly reported experience of
intrusion (7 items) and avoidance (8 items). Patients
have to indicate how frequently these comments applied
to them during the past week on a 4-point scale with
scores ranging from 0 (not at all) to 5 (often). Separate
scores of intrusion of disease, intrusion of treatment,
avoidance of disease and avoidance of treatment were
computed, ranging from 0 to 35 for the intrusion scales
and from 0 to 40 for the avoidance scales, with higher
scores indicating more complaints.

The Multi-dimensional Fatigue Inventory (MFI) was
used to measure fatigue [34]. The MFT has five subscales
assessing general fatigue, physical fatigue, mental fati-
gue, reduced activity and reduced motivation. The sub-
scale scores range from 4 to 20 with higher scores
representing more symptoms.

HRQOL was measured with the EORTC QLQ-C30
[35]. This instrument incorporates functional and symp-
tom scales, symptom items and two scales to assess
health and global QOL. All scores were transformed
ranging from 0 to 100 [36]. The Leukaemia-BMT mod-
ule (QLQ-LEU-BMT) was added to evaluate somatic
symptoms associated with SCT [37].

2.5. Data analyses

The neuropsychological test scores were compared
with normative data adjusted for age and gender. Raw
test scores were converted into standard (z-scores)
scores. Patients were classified as cognitively impaired
when scores were more than 1.5 standard deviation
(SD) below the mean of the standard scores on at least
4 sub-tests [27]. A measure of overall cognitive perfor-
mance was derived for each individual patient by sum-
ming the number of impaired test scores divided by
the number of completed tests and multiplied by 100.
Descriptive statistics were used to summarise the demo-
graphic and clinical characteristics, neuropsychological
test scores and questionnaires responses. Because of a
large number of categorical potential confounding vari-
ables, a multivariate confounder score (using gender,
diagnosis, relapse, chemotherapy and radiotherapy)

was calculated for each patient to reduce a bias in test
results [38]. Differences between groups in raw neuro-
psychological test scores and the scores of the question-
naires were tested by univariate analysis of covariance
(ANCOVA) with the multivariate confounder score as
a co-variate. Between-group differences in other vari-
ables were evaluated using Student’s -tests for indepen-
dent samples (two-sided) or > tests. Pearson’s
correlation coefficients were calculated to assess the rela-
tions between various variables, test scores and measure
of overall cognitive performance. A 0.05 level of statisti-
cal significance was used in all statistical procedures.
Analyses were performed using the Statistical Package
for the Social Sciences (SPSS) Windows 11.0 software.

3. Results
3.1. Patients characteristics

Of the 151 patients scheduled for SCT, 135 (89%) met
the inclusion criteria. In the reference group, 99 (83%) of
the 119 consecutive patients were eligible for study. The
main reasons for exclusion in both groups were: age
over 65 years, language difficulties and concomitant
neurological disorders. Thirty-three (24%) SCT patients
and 17 (17%) patients in the reference group refused to
participate. The primary reported reason for refusal in
the SCT group was the burden of an additional assess-
ment along with many other medical examinations be-
fore long-term hospitalisation for SCT. In the
reference group the main reported reason for refusal
was that patients wished not to be confronted with their
disease after the end of treatment. One SCT patient was
unable to complete the assessment and was excluded
from the study. All remaining 101 SCT patients com-
pleted the pre-treatment assessment prior to the start
of the SCT induction phase. The mean time between
the assessment and the start of SCT treatment was 21
d (SD =23.0). Thirty-five (34%) SCT patients were
scheduled for autologous SCT, 42 (42%) for an alloge-
neic related-donor transplant and 24 (24%) for an unre-
lated-donor transplant. The patients’ characteristics are
described in Table 1. Gender was not equally distributed
(P =0.03) when comparing both groups.

Two SCT patients received no treatment prior to
transplant. All other patients (98%) received chemo-
therapy according to standard treatment protocols
and 19 (19%) had additional (non-cranial) radiother-
apy. In the reference group, chemotherapy had been
given to 74 (90%) patients. Radiotherapy (mantle field
and mediastinal fields) subsequent to chemotherapy
was administered to 52 (63%) patients. Eight (10%)
patients in the reference group received radiotherapy
as primary treatment. Intrathecal chemotherapy was
given to 11 (11%) SCT patients as opposed to 1
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Table 1
Demographic and clinical patients characteristics
Characteristics SCT group (rn = 101) Reference group (n = 82) P-value
Gender, n (%) 0.02
Male 62 (61) 37 (45)
Female 39 (39) 45 (55)
Age (years), mean (SD) 42.0 (12.1) 39.2 (13.1) 0.14
Pre-morbid IQ, mean (SD)* 104.6 (10.7) 102.9 (10.7) 0.28
KPS, mean (SD)° 83.7 (8.4) 85.2 (8.4) 0.20
Educational level, n (%) 0.90
Less than high school 5(5) 4 (5)
High school 30 (30) 24 (29)
Vocational/trade school 37 (36) 31 (38)
College/bachelor degree 19 (19) 18 (22)
University degree 10 (10) 5(6)
Civil status, n (%) 0.70
Married/living with partner 77 (76) 59 (72)
Single, divorced, widowed 24 (24) 23 (28)
Pre-morbid employment status, n (%) 0.78
Full-time work 51 (50) 43 (52)
Part-time work 25 (25) 21 (26)
Housewife or student 18 (18) 12 (14)
Disability benefits 1(1) 34
Pension 6 (6) 34
Current employment status, 7 (%) 0.51
Full-time work 2(2) 5(6)
Part-time work 6 (6) 8 (10)
Housewife or student 18 (18) 14 (17)
Disability benefits 16 (16) 7(8)
Pension 7(7) 4 (5)
Sick-leave 52 (51) 44 (54)
Primary diagnosis, n (%) <0.001
Acute myelogenous leukaemia 19 (19) 1(1)
Acute lymphocytic leukaemia 8 (8) 0
Chronic myelogenous leukaemia 16 (16) 1(1)
Chronic lymphocytic leukaemia 1(1) 1(1)
Non-Hodgkin’s lymphoma 30 (29) 28 (34)
Hodgkin’s disease 4 4) 49 (60)
Multiple myeloma 17 (17) 203
Myelodysplastic syndrome 303 0
Other® 3(3) 0
Relapse, n (%) <0.001
No 58 (57) 74 (90)
Yes, first relapse 30 (30) 6(7)
Yes, >1 relapse 13 (13) 203
Chemotherapy, n (%) <0.001
No previous chemotherapy 2(2) 8 (10)
1 course of chemotherapy 47 (47) 71 (86)
>1 course of chemotherapy 52 (51) 34)
Intrathecal chemotherapy, n (%) 0.007
Yes 11 (11) 1(1)
No 90 (89) 81 (99)
Radiotherapy (non-CNS), n (%) <0.001
Yes 19 (19) 60 (73)
No 82 (81) 22 (27)
Time since diagnosis (years), mean (SD) 1.6 (2.9) 1.1 (2.1) 0.16
Time since treatment (months), mean (SD) 2.7 (4.0) 2.0 (2.1) 0.15

SCT, bone marrow or haematopoietic stem cell transplantation; CNS, central nervous system; SD, standard deviation.

# Derived from the Dutch National Adult Reading Test.
® KPS = Karnofsky Performance Score.

¢ Other = aplastic anaemia, amyloidosis, Waldenstrom’s macroglobulinaemia.

(1%) patient in the reference group (P = 0.01). Forty-
three percent of SCT patients had been treated for a
relapse, in contrast to 10% in the reference group

(P <0.001). There was no between-group difference
in time interval between last treatment and the neuro-
psychological assessment.
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3.2. Cognitive performance

Comparisons of the assessment prior to SCT showed
minor group differences on neuropsychological tests
(Table 2). The SCT group was slower on the Trails A
than the reference group (P = 0.03). No differences be-
tween groups were found in percentages of impaired pa-
tients (compared with normative data). Most deficits
were seen in visual memory, visuospatial and construc-
tional ability and psychomotor functions. The measure
of overall cognitive performance was not significantly
different between groups (9.2 in the SCT group and
8.3 in the reference group, respectively; P =0.47). No

differences were observed between groups in the percent-
ages of impaired test scores per cognitive domain.
Twelve percent of the SCT patients and 8.5% of the pa-
tients in the reference group had impaired scores on
more than 20% (i.e., >5 of the 26 subtests) of the neuro-
psychological tests. No associations were found between
cognitive performance and treatment parameters.

3.3. Subjective cognitive functioning
Results of the CFQ are shown in Table 3. Compari-

sons of the mean CFQ scores with published norms indi-
cated that total scores fell within normal limits (i.e., very

Table 2
Neuropsychological results: raw means + SD by group (adjusted means®) and percentage of impaired patients

SCT group (n = 101) Reference group (n = 82) P-value®
Memory and learning
Verbal learning
CVLT, total score list A 54.3+9.9 (53.9) 8% 54.7+9.9 (55.3) 11% 0.46
Verbal memory
CVLT, short-delay free recall 11.4+£2.6 (11.6) 11% 11.9+2.6 (11.7) 14% 0.91
CVLT, consolidation 2.0£2.8 (12.1) 8% 12.2 £2.6 (12.1) 10% 0.10
CVLT, recognition 149 + 1.4 (15.0) 8% 15.1 £ 1.1 (15.0) 4% 0.10
CVLT, false-positives 0.9+ 1.6 (0.9) 0% 0.9 1.4 (0.9) 0% 0.91
Visual memory
RCFT, short-delay recall 209 6.2 (21.1) 15% 21.9+5.9 (21.7) 13% 0.58
RCFT, long-delay recall 209 £6.3 (21.2) 18% 22.1%£5.7 (21.8) 15% 0.63
RCFT, recognition 20.2£2.0 (20.2) 17% 20.5 2.1 (20.5) 16% 0.42
BVRT, no. correct 7.4+ 1.7 (7.4) 2% 7.6 £ 1.6 (7.6) 1% 0.52
BVRT, no. wrong 3.5£2.7 (3.6) 11% 32+24(3.2) 5% 0.44
Attention and executive functions
Category wordfluency 20.5%+4.5(20.3) 1% 20.5 4.1 (20.7) 0% 0.68
Digit span, total score 12.9£3.6 (12.8) 1% 13.0£3.3 (13.1) 1% 0.65
Stroop colour-word card, total time 90.8 £35.9 (89.0) 11% 89.7 +19.8 (91.9) 13% 0.61
Trails A, total time 33.8£13.9 (35.0) 4% 30.9 £ 11.7 (29.4) 2% 0.03
Trails B, total time 72.2+28.3 (71.9) 1% 66.4 + 27.4 (66.8) 2% 0.35
D2 test, total score GZ 409.6 * 76.8 (405.6) 3% 417.8 +77.9 (422.7) 2% 0.25
D2 test, total score F% 42+3.7(4.4) 0% 43+%32(4.1) 0% 0.57
D2 test, total score KL 155.1 £ 34.4 (152.2) 10% 161.7 £ 40.8 (165.2) 10% 0.07
Visuospatial and constructional ability
RCFT, total score copy 34.0 £ 2.9 (34.0) 20% 344+ 1.9 (34.3) 16% 0.59
Block design, total score 18.8 £ 6.2 (18.9) 0% 19.7 £5.6 (19.3) 0% 0.57
Psychomotor functions
Digit symbol, total score 542+ 11.3 (54.3) 1% 56.7 £ 10.8 (56.6) 0% 0.29
FT, total score dominant hand 353.6 £ 51.1 (352.0) 13% 352.9 £46.3 (354.8) 16% 0.76
FT, total score non-dominant hand 305.6 £ 51.7 (305.6) 21% 302.9 £49.7 (302.9) 18% 0.78
RTT, decision time single stimuli 322.8 £ 39.1 (323.9) 6% 320.3 £42.1 (319.0) 7% 0.54
RTT, motor time single stimuli 146.5 £ 41.2 (150.8) 16% 144.3 +39.9 (139.2) 10% 0.15
RTT, decision time complex stimuli 515.4+82.0 (515.8) 17% 509.5 = 94.5 (509.0) 22% 0.70
RTT, motor time complex stimuli 150.1 £ 50.8 (152.2) 20% 148.2 +44.7 (145.7) 12% 0.49
RTT, error score 1.7+24(1.9) 11% 14£1.5(1.2) 7% 0.08

Percentage of impaired patients in italics.
SCT, bone marrow or haematopoietic stem cell transplantation; CVLT, California verbal learning test; RCFT, Rey complex figure test and
recognition trial; BVRT, Benton visual retention test; GZ, total number of identified targets; F%, percentage of errors and omissions; KL, accuracy
score; FT, Finger tapping; RTT, Reaction time test.

% Raw mean test scores adjusted for confounding factors.

® Adjusted P-values.
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Table 3
Subjective cognitive complaints: mean scores + SD (adjusted means®) of the Cognitive Failure Questionnaire
SCT group (rn = 101) Reference group (n = 82) P-value

CFQ

Total score® 26.2 +12.6 (26.6) 28.0 * 14.1 (27.6) 0.69°

CFQ score-distribution®, n (%) 0.13
Very low score 14 (14) 9 (11)
Low score 20 (20) 19 (23)
Average score 57 (56) 36 (44)
High score 7(7) 15 (18)
Very high score 303 34

Increase in cognitive failures® 0.46
No increase 49 (51) 31 (40)
Little increase 31 (32) 33 (42)
Moderate increase 11 (12) 9 (12)
Quite an increase 4 (4) 5(6)
Very strong increase 1 (1) 0

Hindered by cognitive failures® 0.30
No hindrance 33 (34) 23 (30)
Little hindrance 41 (43) 30 (38)
Moderate hindrance 20 (21) 19 (24)
Quite some hindrance 2(2) 6 (8)
Very much hindrance 0 0

Worried by cognitive failures® 0.39
No worries 55 (57) 38 (49)
Little worries 26 (27) 20 (26)
Moderate worries 13 (14) 16 (20)
Quite a lot worries 2(2) 4 (5
Very much worries 0 0

Annoyed about cognitive failures® 0.15
No annoyance 42 (44) 31 (40)
Little annoyance 41 (43) 25 (32)
Moderate annoyance 8 (8) 14 (18)
Quite a lot annoyance 5(5) 709)
Very much annoyance 0 1(1)

SCT, bone marrow or haematopoietic stem cell transplantation; CFQ, Cognitive Failure Questionnaire.

& Mean scores adjusted for confounding factors.
> p=0.69 (adjusted P-value of an ANCOVA).
¢ CFQ scores compared with normative data.

496 SCT patients and 78 control patients completed these additional questions.

low, low or average score) for the majority of SCT pa-
tients and the reference group (respectively, 90% and
78%). There was no difference in the total score between
groups. The percentages of patients reporting an in-
crease in cognitive failures or who were hindered, wor-
ried or annoyed about their cognitive failures were
small. The distributions of these scores were not differ-
ent between groups.

3.4. Psychological functioning, fatigue and HRQOL

Table 4 shows the results of the questionnaires of psy-
chological functioning and fatigue. No differences in
mean scores of anxiety and depression of the HADS
were found between groups. The number of anxiety
cases (i.e., scale score > 10) was higher in the SCT
group, but no differences were found in the number of
depression cases between groups. In both groups, no
correlations were observed between the HADS and cog-
nitive performance. No differences between groups were

found in mean subscale scores of the IES and the MFI.
The scores of the IES and the MFI were not associated
with cognitive performance.

Analysis of the EORTC QLQ-C30 and the QLQ-
LEU-BMT revealed that the SCT patients had lower
scores (i.e., lower level of functioning) on cognitive,
emotional and social functioning compared with the pa-
tients in the reference group (Table 5). Higher scores
(i.e., more complaints) for the reference group were
found on the symptom item dyspnoea. On the QLQ-
LEU-BMT, the SCT patients reported higher scores
on chills, fever, weight loss, mouth sores and functional
status. The HRQOL scores were not related to cognitive
performance.

4. Discussion

This comparative study constitutes the largest
published sample of SCT patients evaluated with a
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Table 4

Psychological functioning: means + SD (adjusted means) of the Hospital Anxiety and Depression Scale, the Impact of Event Scale, and the Multi-

Dimensional Fatigue Inventory

SCT group (rn = 101) Reference group (n = 82) P-value®
HADS?
Anxiety 5.514.0 (5.5 4.7+3.54.7) 0.30
Depression 3.713.4(3.6) 3.7+£3.5(3.8) 0.77
Anxiety >10, n (%) 14 (13.9) 3(3.7) 0.02
Depression >10, n (%) 5(5.0) 7 (8.5) 0.34
IES?
Intrusion disease 11.0 £ 7.5 (10.9) 9.4%6.7 (9.5 0.90
Intrusion treatment 7.8+£6.9 (8.3) 8.5+6.7(7.9) 0.79
Avoidance disease 10.6 £ 8.9 (10.5) 7.4%7.3 (7.5 0.06
Avoidance treatment 8.3+8.4(8.8) 6.7+£7.3 (6.0) 0.06
MFT*
General fatigue 11.0+4.7 (11.1) 12.1+£4.4 (12.0) 0.34
Physical fatigue 11.2+£5.0(11.3) 122 £ 5.1 (12.0) 0.48
Reduced activity 10.5+ 5.0 (10.6) 11.1+£5.0(11.0) 0.71
Reduced motivation 8.0+ 3.9 (7.6) 8.4+4.1 (8.8) 0.14
Mental fatigue 9.6+4.6(9.7) 9.8+4.3(9.7) 0.94

SCT, bone marrow or haematopoietic stem cell transplantation; HADS, Hospital anxiety and depression scale; IES, impact of event scale; MFI,

multi-dimensional fatigue inventory.
# Mean scores adjusted for confounding factors.
® Adjusted P-values.

comprehensive battery of neuropsychological tests prior
to SCT treatment and is the first to compare the results
with a reference group of haematological patients. It re-
vealed that up to approximately 20% of SCT patients
showed deficits in visual memory, visuospatial and con-
structional ability, and psychomotor functions before
undergoing SCT treatment. No significant correlation
was found between patients’ subjective estimations of
cognitive performance in daily-life functioning and the
results of objective neuropsychological testing.

These findings are in line with three other reports, de-
spite differences in design and methods [4,5,12]. Andry-
kowski and colleagues [4] found cognitive impairment in
56% of 55 SCT candidates. Meyers and colleagues [5]
observed cognitive dysfunction in 20% of 61 SCT candi-
dates by using a self-reporting instrument to identify
cognitive problems. Recently, Sostak and colleagues
[12] found abnormal results in a neuropsychological
examination in 58% of 71 allogeneic SCT patients.

To date, research has centred on cognitive functions
in SCT patients only. By using a reference group, we
were able to examine differences in cognitive functioning
prior to SCT between SCT candidates and haematolog-
ical patients treated with chemotherapy, radiotherapy,
or a combination of these. The results showed no be-
tween-group differences in degree or patterns of cogni-
tive impairment. Patients in the reference group scored
slightly higher in only 1 out of 26 neuropsychological
subtests. Using a different threshold for statistical signif-
icance (P =0.01) to correct for multiple testing would
not have altered our findings. In both groups correlation

between cognitive performance and specific treatment
parameters was lacking. Therefore, it is possible that
the observed cognitive dysfunctions in our patients
might be attributed to the treatment they have under-
gone (i.e., chemotherapy, radiotherapy and adjuvant
drugs), the underlying disease or a combination of these
factors.

Between 90% and 98% of all patients in our study
were treated with at least one course of systemic chemo-
therapy at an average time interval of 2-3 months before
the neuropsychological assessment. Most cytotoxic
agents, although some more than others, are known to
affect both the CNS and the peripheral nerves [39]. A
variety of treatment induced neurological complications
have been described, including peripheral neuropathies,
leucoencephalopathies and cerebellar symptoms [40]. In
some instances, these complications are persistent and
involve structural changes in the brain, in particular
white matter lesions (mainly in the subcortical areas),
brain atrophy and ventricular dilation.

Support for the hypothesis that systemic chemo-
therapy has a negative impact on cognitive function-
ing comes from research comparing systemic
chemotherapy with local therapy (i.e., surgery and lo-
cal radiotherapy) in breast cancer and lymphoma pa-
tients [41]. Patients in chemotherapy groups showed
more cognitive impairment compared with those trea-
ted with local therapy only. In contrast, we observed
no significant differences between patients treated with
systemic chemotherapy or local radiotherapy only.
Furthermore, there was an absence of significant
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Table 5

EORTC QOL questionnaire and Leukemia-BMT module: means + SD (adjusted means®)

SCT group (rn = 101)

Reference group (n = 82) P-value®

QLQ-C30 functioning scales®

Physical functioning
Role functioning
Cognitive functioning
Emotional functioning
Social functioning
Global health

Global quality of life

QLQ-C30 symptom scales and items®
Fatigue
Nausea/vomiting
Pain
Dyspnoea
Sleep disturbances
Appetite loss
Constipation
Diarrhoea
Financial impact

QLQ-LEU-BMT symptom scales and items®
Chills
Itchy skin
Dry skin
Stiff joints
Feeling cold
Flushes
Headache
Hearing loss
Pain during sex
Fever
Infection
Weight loss
Abdominal pain
Mouth sores
Pain during urination
Blood in urine
ensory loss
Functional status

743+ 232 (74.4)
62.4+ 31.1 (61.6)
76.5 + 10.0 (75.0)
70.2 + 28.3 (68.9)
69.2 + 29.8 (68.0)
66.7 + 23.0 (65.5)
71.0 + 21.5 (70.6)

31.9 +25.5 (34.4)
5.1%13.1 (5.0)
16.8 +25.2 (18.7)
15.3 +20.8 (13.0)
20.7 +28.3 (23.3)
7.0+17.3 (7.5)
474143 (4.5)
10.4 +18.8 (8.3)
14.5 £25.7 (14.4)

17.5 +24.0 (18.1)
22.3+30.7 (20.5)
29.7 + 28.4 (29.0)
24.9 +27.0 (21.9)
24.0 + 26.8 (25.3)
10.4 £ 20.0 (9.6)
12.8 £19.5 (13.5)
6.1+ 18.7 (6.3)
7.1+17.4 (7.8)
15.2+25.8 (16.1)
15.5+24.9 (16.2)
104 +19.4 (12.4)
11.5+21.9 (12.1)
11.8 £23.5 (12.4)
1.0 £5.7 (1.7)
1.3£8.1(L.5)
18.0 £22.5 (17.9)
444120 (4.7)

77.1+£19.7 (77.1) 0.53
69.5+26.2 (70.4) 0.12
83.5+ 17.6 (83.6) 0.02
79.4+ 18.8 (81.4) 0.009
76.8 +23.4 (78.3) 0.05
66.5+ 18.8 (67.8) 0.58
724 +21.2 (72.9) 0.58
38.3 +25.4 (35.4) 0.82
73+16.2 (7.5) 0.39
13.8 £20.3 (11.5) 0.10
21.9 +25.8 (24.8) 0.009
19.9 +28.1 (16.8) 0.23
9.3+19.1 (8.8) 0.71
3.3+ 10.0 (3.5) 0.69
5.7+ 155 (8.3) 1.0
9.8 +20.6 (9.8) 0.31
9.9+17.0 (9.1) 0.03
20.6 + 30.7 (23.0) 0.65
28.4+25.9 (29.5) 0.93
202+ 24.0 (22.6) 0.89
21.4+28.5 (20.2) 0.34
10.7 £21.6 (11.8) 0.59
13.2£19.5 (12.3) 0.76
3.3+ 10.0 (3.0) 0.26
6.2+ 168 (5.3) 0.44
49+13.0 3.8) 0.003
9.5+ 18.4 (8.6) 0.08
6.6+17.0 (4.2) 0.02
12.8 +20.1 (12.0) 0.98
334 12.5(2.9) 0.009
21+81(1.2) 0.73
A4+37(3) 0.36
13.2£19.7 (13.3) 0.26
6%32(2) 0.01

SCT, bone marrow or haematopoietic stem cell transplantation; QLQ-C30, EORTC QOL questionnaire, QLQ-LEU-BMT, Leukemia-BMT module.
% Mean scores adjusted for confounding factors.

> Adjusted P-values.

¢ Scores on functioning scales range from 0 to 100 with a higher score indicating better functioning.

4 Scores on the symptoms scales and items range from 0 to 100 with higher scores meaning more bothered by complaints.

differences between patients treated with one course of
chemotherapy or those who received multiple courses.
The similarities of the cognitive dysfunctions found in
our patient groups suggest that differences in treat-
ment intensity between groups play no prevailing role
in the development of cognitive impairment. Thus, it
is unlikely that chemotherapy-related neurotoxicity is
the only cause of the observed cognitive deficits in
our patient population.

Besides chemotherapy, other factors could be in-
volved in the aetiology of cancer-related cognitive
impairment. Systemic chemotherapy is often given in
combination with adjuvant drugs (e.g., corticosteroids)
or other treatment modalities. High doses of exogenous

corticosteroids might well affect CNS structure and
functioning. Reduced hippocampal volume and memory
deficits in patients receiving chronic corticosteroid ther-
apy have been reported previously [42]. Similarly, syner-
gistic effects of combined treatment have been noted to
play a role in impaired cognitive functioning of primary
CNS lymphoma patients [43]. Lastly, cytokines released
from the tumour tissue or exogenous cytokines used in
immunotherapy (e.g., interferon-a), could affect CNS
functioning and have a sizeable effect on cognitive per-
formance [44]. Further research into the identification
of specific cytotoxic agents, combined effects of drugs
and other additional factors responsible for CNS dam-
age is required and should increase the understanding
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of the specific mechanisms involved in the development
of cognitive deficits after cancer treatment.

This assessment of psychological functioning,
HRQOL and fatigue prior to SCT confirms earlier
findings that anxiety, depression, sleep disturbances,
or fatigue are common complaints in patients before
undergoing SCT [4-6]. The number of anxiety cases
in our sample of SCT patients was indeed substan-
tially higher than in the reference group and we also
observed distinct differences between the two groups
on a number of HRQOL functioning scales and symp-
tom items. The between-group differences in the symp-
tom items suggest a relationship with adverse effects of
previous treatment, either radiotherapy with mantle
and mediastinal fields or pre-SCT chemotherapy
schedules. Of particular importance is the finding that
none of the between-group differences in psychological
functioning or HRQOL affected cognitive perfor-
mance. A contributing effect of psychological distress,
related to either the disease itself or its treatment, on
cognitive performance in our patient groups, is prob-
ably not significant.

The present findings indicate that doctors or health-
care practitioners preparing patients for the transplanta-
tion and its complications should be aware of a wide
range of cognitive and emotional problems associated
with treatment prior to SCT. More importantly, they
should be sensitive to further functional declines in these
particular areas. For the moment, greater effort should
be directed to translate the outcome of the assessments
into the development of educational interventions and
perhaps cognitive rehabilitation programs. Preventive
rehabilitation programs, in particular, could minimise
further functional loss, facilitate recovery after SCT
treatment, and thereby retard the patient’s loss of well-
being and enhance HRQOL.

In conclusion, this study has provided additional
information about pre-transplant cognitive perfor-
mance in SCT patients and its relation to confounding
factors, in part by being the first to specifically evalu-
ate this in comparison to a reference group. The re-
sults confirm that cognitive performance is impaired
prior to SCT treatment. Also, they showed that cogni-
tive impairment is not associated with confounding
psychological factors, nor that it is different to pa-
tients treated with conventional cancer therapies.
More research is needed to identify whether these ob-
served effects are reversible or persist over time, and
to investigate whether SCT patients develop further
deterioration after additional SCT treatment. A longi-
tudinal study in SCT patients is now being undertaken
to explore these critical issues. Our data emphasise
that prospective longitudinal designs using a similar
reference group of patients with haematological malig-
nancies are required for future trials on the cognitive
impact of SCT.

Conflict of interest statement

None declared.

Acknowledgement

This research was supported by a Grant from the
Dutch Cancer Society (No. DDHK 99-2083).

References

1. Anderson-Hanley C, Sherman ML, Riggs R, et al. Neuropsycho-
logical effects of treatment for adults with cancer: a meta-analysis
and review of literature. J Int Neuropsychol Soc 2003, 9, 967-982.

2. Parth P, Dunlap WP, Kennedy RS, et al. Motor and cognitive
testing of bone marrow transplant patients after chemoradiother-
apy. Percept Motor Skills 1989, 68, 1227-1241.

3. Andrykowski MA, Altmaier EM, Barnett RL, er al. Cognitive
dysfunction in adult survivors of allogeneic marrow transplanta-
tion: relationship to dose of total body irradiation. Bone Marrow
Transplant 1990, 6, 269-276.

4. Andrykowski MA, Schmitt FA, Gregg ME, e¢ al. Neuropsycho-
logic impairment in adult bone marrow transplant candidates.
Cancer 1992, 70, 2288-2297.

5. Meyers CA, Weitzner M, Byrne K, et al. Evaluation of the
neurobehavioral functioning of patients before, during and after
bone marrow transplantation. J Clin Oncol 1994, 12, 820-826.

6. Ahles TA, Tope DM, Furstenberg C, et al. Psychologic and
neuropsychologic impact of autologous bone marrow transplan-
tation. J Clin Oncol 1996, 14, 1457-1462.

7. Padovan CS, Yoursy TA, Schleuning M, et al. Neurological and
neuroradiological findings in long-term survivors of allogeneic
bone marrow transplantation. 4nn Neurol 1998, 43, 627-633.

8. Wenz F, Steinvorth S, Lohr F, er al. Acute central nervous system
(CNS) toxicity of total body irradiation (TBI) measured using
neuropsychological testing of attention functions. Int J Radiat
Oncol Biol Phys 1999, 44, 891-894.

9. Peper M, Steinvorth S, Schraube P, er al. Neurobehavioral
toxicity of total body irradiation: a follow-up in long-term
survivors. Int J Radiat Oncol Biol Phys 2000, 46, 303-311.

10. Wenz F, Steinvorth S, Lohr F, et al. Prospective evaluation of
delayed central nervous system (CNS) toxicity of hyperfraction-
ated total body irradiation (TBI). Int J Radiat Oncol Biol Phys
2000, 48, 1497-1501.

11. Harder H, Cornelissen JJ, Van Gool AR, et al. Cognitive
functioning and quality of life in long-term adult survivors of
bone marrow transplantation. Cancer 2002, 95, 183-192.

12. Sostak P, Padovan CS, Yoursy TA, et al. Prospective evaluation
of neurological complications after allogeneic bone marrow
transplantation. Neurology 2003, 60, 842-848.

13. Gokbuget N, Hoelzer D. Recent approaches in acute lympho-
blastic leukemia in adults. Rev Clin Exp Hematol 2002, 6, 114-141.

14. Hagemeister FB. Treatment of relapsed aggressive lymphomas:
regimens with and without high-dose therapy and stem cell rescue.
Cancer Chemother Pharmacol 2002, 49, 13-20.

15. Soutar RL, King DJ. Bone marrow transplantation. BMJ 1995,
310, 31-36.

16. Nucci M, Andrade F, Vigorito A, et al. Infectious complications
in patients randomized to receive bone marrow or peripheral
blood transplantation. Transpl Infect Dis 2003, 5, 167-173.

17. Karnofsky DA, Burchenal JH. The clinical evaluation of chemo-
therapeutic agents in cancer. In McLeod C, ed. Evaluation of



1016

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

Chemotherapeutic
Press. pp. 191-205.
Mulder JL, Dekker R, Dekker PH. Handleiding Verbale Leer en
Geheugen Test. Lisse, Swets & Zeitlinger, 1996.

Meyers JE, Meyers KR. Rey Complex Figure Test and Recognition
Trial. Professional Manual. Odessa, Psychological Assessment
Resources Inc., 1995.

Benton AL. The Revised Visual Retention Test. New York, The
Psychological Corporation, 1974.

Snijders JTh, Luteijn F, van der Ploeg FAE, et al. Handleiding
Groninger Intelligentie Test. Lisse, Swets & Zeitlinger, 1983.
Wechsler D. Manual for the Wechsler Adult Intelligence
Scale. New York, The Psychological Corporation, 1955.
Stroop JR. Studies of interference in serial verbal reactions. J Exp
Psychol 1935, 18, 634-662.

Bouma A, Mulder JL, Lindeboom J. Neuropsychologische Diag-
nostiek, Handboek. first edn. Lisse, Swets & Zeitlinger, 1996.
Reitan RM. Validity of the Trail Making Test as an indication of
organic brain damage. Percept Motor Skills 1958, 8, 271-276.
Brickenkamp R. Test d2. Aufinerksamkeitsbelastungstest. Hand-
anweisung. Gottingen, Hochrefe, 1978.

Lezak MD. Neuropsychological ~Assessment. Oxford, Oxford
University Press, 1995.

Middelkoop HAM, Vink LJ, Lanser JBK. Movement initiation
and execution times in the study of human cognition and motor
performance: differential and significant effects of sex and age. In
Beersma D, ed. Dutch Society for Sleep-wake Research in The
Netherlands. Utrecht, Uitgeverij Elinkwijk, 1996. pp. 107-110.
Schmandt B, Lindeboom J, van Harskamp F. Nederlandse Leestest
voor Volwassenen Handleiding. Lisse, Swets & Zeitlinger, 1992.
Broadbent DE, Cooper PF, FitzGerald P, Parkes KR. The
Cognitive Failure Questionnaire (CFQ) and its correlates. Br J
Clin Psychol 1982, 21, 1-16.

Zigmond AS, Snaith RP. The hospital anxiety and depression
scale. Acta Psychiatry Scand 1983, 67, 361-370.

Carroll BT, Kathol RG, Noyes R, er al. Screening for depression
and anxiety in cancer patients using the Hospital Anxiety and
Depression Scale. Gen Hosp Psychiatry 1993, 15, 69-74.

Agents. New York, Columbia University

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

H. Harder et al. | European Journal of Cancer 41 (2005) 10071016

Horowitz MJ, Wilner N, Alvarez W. Impact of event scale: a
measure of subjective stress. Psychosom Med 1979, 41,
209-218.

Smets EMA, Garssen B, Bonke B, ef al. The multidimensional
fatigue inventory (MFI) psychometric qualities of an instrument
to assess fatigue. J Psychosom Res 1995, 39, 315-325.

Aaronson NK, Ahmedzi S, Bergman B, er al. The EORTC
QLQ-C30: a quality of life instrument for use in international
clinical trials in oncology. J Natl Cancer Inst 1993, 85,
365-376.

Fayers PM, Aaronson NK, Bjordal K, et al. EORTC QLQ-C30
Scoring Manual. Brussels, Quality of Life Unit, EORTC Data
Centre, 1995.

Watson M, Zittoun R, Hall E. A modular questionnaire for the
assessment of long-term quality of life in leukemia: the MRC/
EORTC QLQ-LEU. Qual Life Res 1996, 5, 15-19.

Strauss D. On Miettinnen’s multivariate confounder score. J Clin
Epidemiol 1998, 51, 233-236.

Weiss RB. Adverse events of treatments. In De Vita VJ, Hellman
SA, Rosenberg SA, eds. Cancer: Principles and Practice of
Oncology. sixth edn. Philadelphia, Lippincott, Wiliams, and
Wilkins, 2001. pp. 2964-2968.

Shields CB, Raque GH, Gardner PK. Neurologic aspects of breast
cancers. In Donegan WL, Spratt JS, eds. Cancer of the
Breast. Philadelphia, WB Saunders Co., 1995. pp. 717-727.
Ahles TA, Saykin AJ, Furstenberg CT, et al. Neuropsychologic
impact of standard-dose systemic chemotherapy in long-term
survivors of breast cancer and lymphoma. J Clin Oncol 2002, 20,
485-493.

Brown ES, Woolston DJ, Frol A, et al. Hippocampal volume,
spectroscopy, cognition, and mood in patients receiving cortico-
steroid therapy. Biol Psychiatry 2004, 55, 538-545.

Harder H, Holtel H, Bromberg JEC, et al. Cognitive status and
quality of life after treatment for primary CNS lymphoma.
Neurology 2004, 62, 544-547.

Pavol MA, Meyers CA, Rexer JL, et al. Pattern of neurobehav-
ioral deficits associated with interferon alfa therapy for leukemia.
Neurology 1995, 45, 947-950.



	Assessment of pre-treatment cognitive performance in adult  bone marrow or haematopoietic stem cell transplantation patients:  A comparative study
	Introduction
	Patients and methods
	Patient accrual and study procedure
	Assessment of cognitive performance
	Assessment of subjective cognitive functioning
	Assessment of psychosocial functioning, fatigue and HRQOL
	Data analyses

	Results
	Patients characteristics
	Cognitive performance
	Subjective cognitive functioning
	Psychological functioning, fatigue and HRQOL

	Discussion
	Conflict of interest statement
	Acknowledgement
	References


