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BACKGROUND. The late neurotoxic effects of bone marrow transplantation (BMT)

on cognitive functioning and quality of life (QOL) were investigated in a consec-

utively treated cohort of long-term adult survivors.

METHODS. Progression-free patients treated with BMT or peripheral stem cell grafts

for a hematologic malignancy at least 2 years before study participation were

examined with a comprehensive battery of neuropsychological tests and question-

naires for QOL and mood states. The results of the neuropsychological tests were

compared with healthy population norms.

RESULTS. Forty patients were included, 87.5% of whom had undergone an alloge-

neic transplantation. All received total body irradiation up to 12 Gy (in two

fractions). Assessment took place 22– 82 months after BMT. Mild to moderate

cognitive impairment was found in 24 patients (60%). Compared with healthy

population norms, selective attention and executive function, information pro-

cessing speed, verbal learning, and verbal and visual memory were most likely to

be affected. The mean score for the total patient group revealed that these patients

scored significantly lower on the information processing speed task compared with

expected scores obtained from the normal population. The main predictors for

poor neuropsychological performance were fatigue, global health, and educational

level. Other correlations with moderate to severe cognitive impairment were sub-

jective cognitive complaints, physical functioning, social functioning, overall mood

states, and employment status.

CONCLUSIONS. These data indicate that BMT may lead to cognitive complaints and

late cognitive deficits in long-term adult survivors. Cognitive functioning should

therefore be used as an outcome parameter in BMT studies. Cancer 2002;95:

183–92. © 2002 American Cancer Society.

DOI 10.1002/cncr.10627
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Autologous or allogeneic bone marrow (BMT) or stem cell trans-
plantation has become standard treatment for a variety of hema-

tologic malignancies. Because this treatment is curative for an in-
creasing number of patients, attention has turned to the long-term
effects of BMT. Unfortunately, the BMT procedure still carries con-
siderable morbidity as a consequence of acute and delayed disease
and treatment-related complications. These patients are at risk of
developing neurologic complications and delayed encephalopathies,
which are associated with the BMT conditioning regimen.1–7 The BMT
conditioning regimen involves high-dose chemotherapy, often com-
bined with total body irradiation (TBI). Both high-dose chemotherapy
and radiation therapy to the brain are known causes for delayed
central nervous system (CNS) toxicity.8 –11 Other potential severe
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treatment-related complications are opportunistic in-
fections related to immunosuppression, extensive
acute or chronic graft versus host disease (GVHD),
side effects of immunosuppressive therapy (cyclo-
sporine [CyA], methotrexate, or corticosteroids), or
major organ failure. These may give rise to a variety of
severe neurologic complications, in particular (drug-
induced) encephalopathies and opportunistic CNS in-
fections.6 Intrathecal chemotherapy or whole brain
irradiation before or after BMT as treatment or pro-
phylaxis for CNS disease may also induce delayed
leukoencephalopathy.12,13 The presence of this com-
bination of potential risk factors for late neurologic
sequelae makes the BMT procedure unique compared
with other potentially neurotoxic forms of cancer
treatment. The impact, however, of the mentioned
risk factors on cognitive functioning in long-term sur-
vivors is not well documented. Neuropsychological
studies in cancer patients treated with only one of the
treatment forms used in the BMT conditioning regi-
men showed evidence of cognitive impairment.14 –18

The few previous reports on the specific neurocogni-
tive side effects of BMT suggest that these patients are
at risk to develop cognitive deficits.5,19 –26 Only five
studies focused on the late side effects but method-
ologic shortcomings, such as lack of neuropsycholog-
ical testing, small sample size, or selection of patients,
preclude reliable conclusions.5,19,20,25,26 We have,
therefore, assessed cognitive functioning and quality
of life (QOL) in a consecutively treated cohort of long-
term adult survivors of BMT. A minimum time interval
of 2 years posttreatment was used to elude the influ-
ence of acute side effects of BMT.

MATERIALS AND METHODS
Patient Selection
Patients treated with BMT for hematologic malignan-
cies 2–7 years before the time of this study were se-
lected from the BMT database of the Department of
Hematology. In this 5-year period, 141 patients were
treated with a BMT conditioning regimen involving
both high-dose chemotherapy and TBI. Of these, a
cohort of 61 consecutive long-term survivors was
identified.

Patients eligible for our study had to meet the
following inclusion criteria: 1) no evidence of recur-
rent disease, 2) no previous neurologic or psychiatric
disorders, 3) no use of psychoactive drugs or medica-
tion known to affect cognitive functioning, 4) no his-
tory of or current substance abuse, 5) basic proficiency
of the Dutch language, 6) between 18 and 65 years of
age.

Measures
Cognitive performance was assessed by a comprehen-
sive battery of standardized neuropsychological tests.
Before testing, the patients were interviewed with re-
gard to cognitive problems experienced in their daily
routine. The extent of the problems was rated by the
neuropsychologist on a 4-point Likert-type scale (0
� no problems, 1 � mild problems, 2 � moderate
problems, 3 � severe problems).27 In addition, a set of
self-administered questionnaires was applied to col-
lect data on QOL and mood states. Ratings of a widely
used mental status screening test, the Mini Mental
State Examination (MMSE), and the Karnofsky perfor-
mance status (KPS) scale were obtained before the
assessment.28,29

The neuropsychological evaluation consisted of
11 internationally used psychometric tests selected for
validity and availability of normative data. The battery
was designed to assess several cognitive functions:
general intelligence and conceptual reasoning, verbal
function, memory, attention functions and concentra-
tion, executive functions, visuospatial and visuocon-
structive ability, psychomotor function, and speed of
information processing.

The Groninger Intelligence Test, short form (GIT-V)
The GIT-V30 measures actual general intelligence
level. The test consists of three subtests for, respec-
tively, spatial ability, abstract reasoning, and arith-
metic. The scores of the three subtests are trans-
formed into an intelligence quotient (IQ) based on age
and gender.

The National Adult Reading Test (NART)
The NART31 estimates premorbid intelligence based
on verbal ability. This is measured by the ability to
read aloud correctly a list of phonetically irregular
words and the accuracy of oral pronunciation is
scored. Premorbid intelligence can be estimated by
the NART as vocabulary level and related verbal skills
correlate with overall ability level.32

Wordfluency test
The Wordfluency test30 evaluates language processing
by naming as many words as possible belonging to
two word categories. The score is the sum of words
produced in each trial.

California Verbal Learning Test (CVLT)
The CVLT33 assesses verbal memory capacities. The
test consists of five presentations with recall of a 16-
word list, one presentation of a second 16-word list
and recall, followed by a short-term free recall and
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cued recall of the first list. Retention is tested 20 min-
utes after learning by delayed free recall, delayed cued
recall, and recognition. The CVLT also provides infor-
mation on learning strategies and retroactive and pro-
active interference tendencies.

Rey Complex Figure Test (CFT)
The CFT34 measures both visuospatial organization
and visual memory. The patient is asked to copy a
complex figure. Immediate recall is assessed 3 min-
utes after copying. Evaluation of the immediate recall
is obtained by using scores based on a unit scoring
system referring to specific details of the figure.

Digit Span of the Wechsler Adult Intelligence Scale
The Digit Span35 assesses immediate recall and atten-
tion. The patient is asked to repeat successive series of
digits in two conditions, forward and backward.

Trailmaking Test (TMT)
The TMT36 measures psychomotor speed and atten-
tion. The test consists of small randomly printed con-
secutively numbered circles (Part A) and consecutively
numbered and lettered circles (Part B). The patient
has to draw lines to connect the circles, and in Part B
alternating between the two sequences is required.
Slow performance on one or both parts of the test
indicates cognitive deterioration.

Stroop Color Word Test (SCWT)
The SCWT37 determines selective attention and exec-
utive functions. In Parts A and B, the time needed to
complete reading 100 color names and naming 100
colored rectangles is recorded. Part C involves 100
color names in different printing ink than the color
name; the speed at which the color of the printing ink
is named is taken as the test variable and is recorded.
The time taken to complete each part and the total
number of failures are registered.

Fingertapping task
The Fingertaping task32 measures psychomotor speed.
The patient is asked to press a marked button with the
index finger of each hand separately as fast as possible
for 1 minute. The number of hits in the first and
second half (30 seconds) of the test and the number of
total hits is recorded.

Reaction time task
The reaction time task38 measures the speed of infor-
mation processing in two single stimuli tasks (visual
and acoustic) and two complex binary choice tasks.
The use of a rest button and a reaction button enables
breakdown into decision-making time and motor

time. Decision time, motor time, and the number of
missing, incorrect, or incomplete responses are
scored.

Questionnaires of QOL and Mood States
QOL was measured with the European Organization
for Research and Treatment of Cancer (EORTC) QLQ-
C30.39 This instrument includes five domains that as-
sess functioning (physical, role, cognitive, emotional,
social) by using multiitem scales, two domains that
assess global health status and global QOL, and nine
multiitem scales or single items that assess symptom-
atology. In conjunction with the EORTC QLQ-C30, we
used the EORTC brain cancer module (BCM 20) to
screen for neurologic dysfunction.40 The BCM 20 con-
tains four multiitem scales (future uncertainty, visual
disorder, motor dysfunction, and communication def-
icit) and seven single items.

A questionnaire of mood states was administered
to distinguish between cognitive deficits related to
BMT treatment or to additional psychological distress.
The brief version of the Profile of Mood States (POMS)
was used as a summary measure.41,42 The POMS has
separate subscales for five dimensions of general psy-
chological distress: depression, tension, anger, fatigue,
and vigor. Thirty-two items are scored on a 5-point
Likert-type scale format, ranging from 0 to 4.

Procedure
The study was approved by the institutional ethics and
scientific committee and written informed consent
was obtained from all patients. The medical records of
the patients were examined by a physician to record
information regarding patients’ current medical status
(including current medication use) and history of dis-
ease and treatment (e.g., cytotoxic treatment and
complications of the BMT conditioning regimen). All
psychometric tests were administered in the same
order for all patients and scored by an experienced
neuropsychologist. The assessment took approxi-
mately two and one-half hours to complete.

Statistical Methods
The questionnaires were transformed into scores ac-
cording to standard procedures. Before computing a
total score for overall psychological distress, the total
POMS score, the scores of the positive psychological
distress subscale Vigor were transformed so they were
in line with the scores of the negative psychological
distress subscales. The total POMS score was com-
puted by summing the standard z-scores for each
subscale and then dividing this score by the number of
subscales. The total POMS score was considered ab-
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errant when the score was 2 standard deviations (SDs;
z � �2.0) below the mean of the healthy population
norms.41 The raw data of each neuropsychological test
(or test indices) were converted into standard (z-
scores) and percentile scores by using age and gender-
corrected healthy population norms. Patients were
classified according to the commonly accepted stan-
dard criteria of each test (i.e., impaired either when
test scores were 2 SDs [z � �2.0] below the mean of
the standard scores [z � 0] or below percentile 10).
General intelligence was considered to be aberrant if
the difference between the estimated premorbid and
actual IQ was more than 20 points (z � �2.0), taking
into account that the NART underestimates premor-
bid intelligence by 15 IQ points.31,43 A composite score
for cognitive impairment was computed for each in-
dividual by counting all test indices on which the
patient was impaired.

The mean score of each neuropsychological test
was computed after transforming all test scores into
percentile scores (to ease interpretation). In a normal
population, a percentile score of 50 means that the
patient has an average test result; the SD is 34. The
differences between the distribution of the observed
frequencies and the distribution of the expected fre-
quencies were tested with a chi-square test (�2 for
trend). The distribution of the expected frequencies
was calculated using the scores of the normal popu-
lation as reference group.30,32–38 The upper and lower
cells were collapsed so that the percentage of cells
with an expected count less than 5 did not exceed the
limit of 20%.

Descriptive statistics were performed for all vari-
ables. Differences in individual test scores in various
patient groups defined by demographic and disease
and treatment-related parameters were analyzed by
the Student t test. Relationships among overall cogni-
tive performance, psychosocial functioning, and sub-
jective measures of cognitive complaints were ana-
lyzed using Pearson’s correlation coefficients.

Multiple linear regression analysis was used to
estimate the influence of disease and/or treatment-
related variables on cognitive impairment. The set of
variables to enter the analysis were selected by the
method of multiple regression; the composite score
for cognitive impairment was used as the dependent
variable. The standardized regression coefficient (�)
was used as a measure of relative importance.

Tests were two-sided and a P value of 0.05 or less
was considered statistically significant. All data were
analyzed using the Statistical Package for Social Sci-
ences (SPSS) Windows 9.0 software.

RESULTS
Demographic and Clinical Patient Characteristics
Forty-two patients were eligible for study, 40 (95%) of
whom provided written informed consent (1 patient
was living abroad temporarily and 1 patient declined
to participate). Ten patients were excluded because of
recurrent disease or secondary malignancies as were
six more because they lacked a basic proficiency of the
Dutch language. Two patients were excluded due to
long-term alcohol and/or drug abuse and one because
of recurrent depressive episodes and use of psycho-
tropic drugs. Demographic and clinical information is
shown in Table 1.

TABLE 1
Patient Characteristics (n � 40)

No. of patients Mean (SD) Range

Gender
Male 24
Female 16

Age (yrs) 40.8 (10.3) 18–60
Age at BMT (yrs) 37.2 (10.4) 15–55
Time since BMT (mos) 45.1 (17.3) 22–82
Estimated premorbid IQ 105.3 (10.0) 84–126
Educational level

Less than high school degree 3
High school degree 14
Vocational/trade school 10
College/bachelors degree 7
Graduate/professional degree 6

Diagnosis
Acute lymphocytic leukemia 8
Acute myelogenous leukemia 10
Chronic myelogenous leukemia 6
Non-Hodgkin lymphoma 6
Myelodysplastic syndrome 4
Multiple myeloma 4
Aplastic anemia 2

Intrathecal treatment
Yes 11
No 29

Type of BMT
Allogeneic MRD 26
Allogeneic MUD 9
Autologous 5

Conditioning regimen
CP 12
Ara-C � CP 19
VP-16 � CP 9

TBI dose (Gy)
10 (two fractions) 13
12 (two fractions) 25
8.5 (two fractions) 1
8 (one fraction) 1

BMT: bone marrow transplantation; IQ: intelligence quotient; MRD: matched related donor; MUD:

matched unrelated donor; CP: cyclophosphamide; Ara-C: cytosine arabinoside; VP-16: etoposide; TBI:

total body irradiation.
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The two patients with aplastic anemia did not
receive induction therapy before the BMT procedure.
CNS prophylaxis was given to 11 patients before BMT
(four to eight injections of intrathecal methotrexate or
cytosine arabinoside [ara-C]), which was continued
(two to three injections) in five patients after the BMT
procedure. One patient received low-dose TBI (24
� 0.10 Gy) before undergoing the BMT conditioning
regimen. Neurologic complications before BMT were
found in two patients: one patient had CNS disease
and was treated with cranial radiotherapy (16 � 1.5
Gy), another patient had seizures related to intrathecal
treatment.

All patients underwent conditioning with high-
dose chemotherapy and TBI. High-dose chemother-
apy consisted of cyclophosphamide, either alone (60
mg/kg of body weight per day for 2 days) or in com-
bination with ara-C (1000 mg/m2 per day for 2 days) or
etoposide (350 mg/m2 per day for 2 days). For the
majority of patients, high-dose chemotherapy was fol-
lowed by 10 or 12 Gy of TBI, administered in two doses
of either 5 or 6 Gy in 2 days. After the conditioning
regimen, most patients (87.5%) received bone marrow
support from a related or unrelated donor.

Various regimens for prophylaxis of GVHD were
utilized depending on the protocol and the compati-
bility of the donor. Thirty-four patients received CyA
(mean 166.2 days, SD 116.5, range 42–507) and T-cell
depletion of the donor graft was performed in 33 pa-
tients. One-half of the patients received corticoste-
roids as immunosuppressive therapy (mean 139.8
days, SD 170.8, range 3–598). The median time interval
between BMT and testing was 43 months.

Medical Status and Treatment-Related Neurologic
Complications
After the BMT procedure, complete remission of dis-
ease was achieved in 36 patients. Four patients with
multiple myeloma had partial remission of disease,
three of whom used a maintenance dose of interfer-
on-�. Following BMT, 69% of the allogeneic recipients
experienced acute GVHD (Grade I–III) and 29% devel-
oped mainly limited chronic GVHD (Table 2). Four
patients had received treatment for recurrent disease
(e.g., donor buffy coat infusion or chemotherapy) and
were again responding. All additional therapy was
given at least 1 year before neuropsychological testing.

The severe neurologic complications induced by
the BMT conditioning regimen are summarized in
Table 2. A history of neurologic complications such as
encephalopathy, cerebrovascular events, or cerebral
infections was found in almost one fourth of this co-
hort. Fifteen patients underwent cranial magnetic res-
onance imaging (MRI) at the time of presence of clin-

ical neurologic signs. Abnormal neuroradiologic
findings (e.g., white matter abnormalities or focal le-
sions) were present in seven patients. No current neu-
roradiologic information was available at the time of
neuropsychological evaluation.

Clinical Performance and Cognitive Screening
Mean performance status (KPS) was 89.8 (SD 10.0,
range 70 –100); 12 patients had a clinical performance
below 90. The screening test of mental status revealed
no abnormalities as all patients scored above the
MMSE cutoff score of 23 points (mean 28.3, SD 1.1,
range 26 –30).

Subjective Cognitive Problems in Daily Life Routine
The incidence of reported subjective cognitive prob-
lems interfering with daily life routine rated by the
neuropsychologist is shown in Table 3. Most patients
reported no problems or only very mild problems.
However, almost 28% experienced moderate to severe
memory problems and 17.5% showed moderate prob-
lems in attentional functions. The experienced cogni-
tive problems included difficulties in concentrating

TABLE 2
Treatment-Related Complications: GVHD and Neurologic Disorders

Acute GVHD
No. of
patients

Chronic
GVHD

No. of
patients

Grade I 12 Limited 9
Grade II 6 Extensive 1
Grade III 6
Grade IV —
CyA encephalopathy 3
Hypertensive encephalopathy 1
Intracerebral hemorrhage 1
Viral meningoencephalitis 1
Cerebral toxoplasmosis 1
Pneumococcal meningitis and cerebral

toxoplasmosis 1
Unspecified cerebral lesion with

seizures 1

GVHD: graft versus host disease; CyA: cyclosporine.

TABLE 3
Subjective Cognitive Problems in Daily Life Routinea

Memory (%) Attention (%)

No problems 37.5 50
Mild problems 35 32.5
Moderate problems 25 17.5
Severe problems 2.5 —

a Information based on a short pretest interview and rated on a scale by the neuropsychologist.
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during conversations or during (paper) work or diffi-
culties in remembering information or appointments.
In most cases, the patients experienced a decline in
comparison to their level of cognitive functioning be-
fore BMT treatment.

Neuropsychological Assessment
Only one patient could not perform all neuropsycho-
logical tests due to severe cataract. All other patients
completed the battery of neuropsychological tests in-
cluding the questionnaires. Table 4 presents the per-
centage of patients who performed in the impaired
range on the 11 neuropsychological tests and the
mean test score for the total patient group. The distri-
bution of the composite score for cognitive impair-
ment is summarized in Table 5. Sixty percent scored in
the impaired range on at least one neuropsychological

test. Five patients (12.5%) scored in the impaired
range on 3 or more of the 11 tests they completed.

Compared with the normative data of each neu-
ropsychological test, the following domains of cogni-
tive functioning were impaired most frequently: selec-
tive attention and executive function (SCWT: �2 �
6.94, df � 1, P � 0.008), information processing speed
(reaction time task: �2 � 162.35, df � 1, P � 0.001),
visual memory (Rey CFT recall: �2 � 4.44, df � 1, P �
0.035), and verbal learning and memory (CVLT: �2 �
25.64, df � 1, P � 0.001). Verbal functions, intellectual
functioning, motor speed, immediate verbal memory,
and perceptual organization were unaffected. How-
ever, when the distribution of the observed test scores
was compared with the distribution of the expected
test scores, only the scores on the test for information
processing speed were far below those obtained from
the reference group (Table 4). The test scores on tests
for verbal memory (CVLT) and selective attention
(SCWT) were slightly lower but not significant. On
several neuropsychological tests, the scores were
higher than the expected scores, namely, on the GIT-
V, the Wordfluency Test, Digit Span, the Trailmaking
A, and the copy of the Rey CFT.

Attendance at work or at school (full-time or part-
time) was established in 47% of the patients. Forty
percent of the patients were still on disability or sick-
ness benefit although this is influenced by premorbid
employment history and complementary disability or
unemployment insurance. There was a relation be-
tween current employment status and the composite
score for cognitive impairment (r � 0.42; P � 0.02), as
well as the incidence of subjective cognitive com-
plaints measured by the EORTC QLQ-C30 (r � �0.57;
P � 0.001), and self-reported memory problems rated
by the neuropsychologist (r � 0.53; P � 0.002).

A multiple linear regression analysis (adjusted for
age and gender) was carried out using a selected set of
variables as covariates and the composite score for
cognitive impairment as the dependent variable. Ex-
amination of the standardized regression coefficients

TABLE 4
Neuropsychological Tests: Percentage of Impaired Patients and Mean
Test Score

Impaired
patients
(%)

Mean test score
(SD)a P valueb

Cognitive domain
Neuropsychological test

Intelligence
Groninger Intelligence Test 5 71.43 (28.22) 0.002

Language
Wordfluency test 0 74.95 (20.24) 0.001

Memory
California Verbal Learning Test 15

Total words 43.49 (30.97) 0.48
Learning speed 41.81 (31.06) 0.43
Consolidation 46.59 (29.13) 1.0

Rey Complex Figure Test-recall 20.5 50.26 (31.85) 0.10
Attention and executive function

Stroop ColorWord Test 23.1
Word card 46.54 (30.89) 0.97
Color card 46.41 (29.33) 0.88
Color-word card 40.90 (27.86) 0.30

Digit Span 0 61.45 (23.38) 0.01
Trailmaking Test A 0 63.91 (23.01) 0.01
Trailmaking Test B 0 60.00 (24.19) 0.10
Visuospatial organization

Rey Complex Figure Test-copy 2.6 91.15 (20.50) 0.001
Psychomotor speed

Fingertapping task 2.5
Dominant hand 50.40 (29.51) 0.48
Non-dominant hand 49.40 (29.83) 0.08

Speed of information processing
Reaction time task 32.5

Single choice task 11.20 (15.56) 0.001
Complex choice task 11.29 (20.65) 0.001

a In percentiles (mean � 50, SD � 34).
b Compared with expected scores obtained from the reference group.

TABLE 5
Overall Cognitive Status: Composite Status: Composite Score for
Cognitive Impairment

No. of patients (%)

No test in impaired range 16 (40)
One test in impaired range 14 (35)
Two tests in impaired rangea 5 (12.5)
Three tests in impaired range 3 (7.5)
Four tests in impaired range 2 (5)

a Including the patient who completed only six neuropsychological tests.
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(�) for the individual variables indicated that the
strongest predictors of the proportion of impaired
tests were fatigue rated with the EORTC QLQ-C30 (� �
0.43; P � 0.03), global health of the EORTC QLQ-C30
(� � 0.55; P � 0.004), and higher educational level (�
� 0.29; P � 0.04). Other potential predictor variables
like age, global QOL, the total POMS score, type of
BMT, dose of TBI, use of CyA, use of T-cell depletion,
use of corticosteroids, use of interferon-�, time since
treatment, exposure to intrathecal treatment or treat-
ment for recurrent disease, presence of acute or
chronic GVHD, presence of pretreatment or posttreat-
ment CNS complications, and the presence of MRI-
confirmed abnormal neuroradiologic findings did not
account for the variance in the proportion of impaired
tests.

QOL and Mood States
The results of the questionnaires for QOL and psycho-
logical distress measured by the EORTC QLQ-C30 and
the brief POMS are listed in Table 6. Global QOL in this
cohort of patients seems satisfactory (mean 82.5, SD
18.1). The cognitive function scale of the EORTC QLQ-
C30 (Q20 and Q25) is of special interest in this study.
The cognitive function scale was strongly correlated
with the symptom fatigue (r � �0.55; P � 0.001). The
composite score for cognitive impairment was associ-
ated with several functional scales or items of the
EORTC QLQ-C30: the physical function scale (r �
�0.44; P � 0.005), the cognitive function scale (r �
�0.58; P � 0.001), the social function scale (r � �0.38;
P � 0.016), and the symptom fatigue (r � 0.37; P �
0.02).

High levels of current distress (z � �2.0 in com-
parison to healthy population norms) in one or more
subscales of the brief POMS were found in 15patients.
Most of these patients (60%) had a high score on only
one of the fivesubscales of the brief POMS, especially
on the subscale anger. The total POMS score was
aberrant in only three patients and was associated
with the composite score for cognitive impairment (r
� 0.39; P � 0.02). Further analysis showed a substan-
tial correlation between the composite score of cogni-
tive impairment and the subscale fatigue (r � 0.51; P �
0.001) and a weak correlation with the subscale ten-
sion (r � 0.34; P � 0.03).

Absence from work or school was associated with
the following factors: fatigue measured by the brief
POMS (r � 0.62; P � 0.001) and the EORTC QLQ-C30
(r � 0.46; P � 0.01) and physical functioning (r �
�0.41; P � 0.021).

DISCUSSION
Long-term survivors of BMT are at risk for cognitive
impairment as a result of exposure to a number of
potentially neurotoxic agents, including those used in
the conditioning regimen (e.g., high-dose chemother-
apy and TBI), as well as those used as prophylaxis or
treatment of GVHD or immunosuppression. Likewise,
intrathecal chemotherapy and whole brain irradiation,

TABLE 6
Scores of the Questionnaires of Quality of Life and Mood States

Mean
(SD)

EORTC QLQ-C30a

Functional scales
Physical function 80.6 (18.4)
Role function 83.8 (22.2)
Cognitive function 74.2 (22.3)
Emotional function 79.2 (24.5)
Social function 72.9 (31.3)
Global health 80.0 (17.4)
Global quality of life 82.5 (18.1)

Symptom scales and/or items
Fatigue 27.5 (18.7)
Nausea and vomiting 4.2 (11.2)
Pain 12.9 (18.3)
Dyspnea 14.2 (21.2)
Sleep disturbances 18.3 (22.6)
Appetite loss 5.8 (18.3)
Constipation 4.2 (17.2)
Diarrhea 4.2 (13.5)
Financial impact 15.0 (28.2)

EORTC BCM 20a

Multiitem scales
Future uncertainty 17.8 (19.2)
Visual disorder 11.9 (16.8)
Motor dysfunction 7.2 (10.5)
Communication deficit 17.2 (23.6)

Items
Headaches 19.2 (23.7)
Seizures 0.8 (5.3)
Drowsiness 10.8 (15.8)
Bothered by hair loss 4.2 (11.2)
Bothered by itchy skin 29.2 (32.2)
Weakness of both legs 13.3 (21.2)
Trouble controlling

bladder 5.0 (14.2)
POMSb

Depression 4.3 (5.8)
Anger 8.4 (6.6)
Fatigue 6.1 (5.3)
Vigor 12.6 (3.5)
Tension 5.2 (4.9)

a European Organization for Research and Treatment of Cancer (EORTC) QLQ-C30, EORTC BCM 20:

scores range from 1 to 100; higher scores on the function scales represent a higher level of functioning;

higher scores on the symptom scales and/or items represent more perceived symptoms.
b Profile of Mood States (POMS): scores range from 0 to 32 (depression), 0 to 28 (anger), 0 to 24 (fatigue

and tension), and 0 to 20 (vigor); higher scores indicate greater current mood disturbances except for

the subscale vigor.
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often used as prophylaxis and treatment for CNS dis-
ease involvement before the BMT conditioning regi-
men, are risk factors for the development of cognitive
deficits. In our study, we analyzed cognitive function-
ing in a consecutively treated sample of long-term
adult survivors of mostly allogeneic BMT with a mean
time interval between treatment and neuropsycholog-
ical testing of more than 3 years. To our knowledge,
this is the first study to examine long-term survivors of
BMT, who attained a survival period of at least 2 years,
with both an extensive battery of neuropsychological
tests and measures of QOL and mood states. As antic-
ipated, we observed late cognitive sequelae in a sig-
nificant percentage of patients. Most patients had only
mild cognitive impairment, but five patients (12.5%)
showed moderate to severe decreased performance on
several neuropsychological measures compared with
the normative data. Cognitive dysfunction in these
patients was most profound in visual memory, verbal
learning and verbal short-term and long-term mem-
ory, attention or executive functions, and speed of
information processing. When comparing the distri-
bution of observed and expected test scores, a few
tests had a lower mean score than expected, but this
was only significant for the speed of information pro-
cessing task. Several neuropsychological tests showed
a higher mean score compared with the reference
group which is probably related to a higher level of
premorbid intelligence (estimated by the NART) in
this patient group. Measures of QOL and mood states
revealed that the majority of patients reported satis-
factory global QOL (median 83.3) and showed no signs
of severe mood disturbances.

Only nine studies have been published regarding
cognitive functioning in adult BMT patients, five of
which explored the neurocognitive status in long-term
survivors a year or more after their treatment.5,19 –26

The first study in adult long-term survivors was per-
formed by Parth et al.19 In a longitudinal design with a
follow-up period up to a year posttreatment, the cog-
nitive and motor performance of 44 BMT patients was
compared with the cognitive status of their relatives or
donors. Cognitive changes in comparison to baseline
levels and controls were most profound near the be-
ginning of treatment and involved associative mem-
ory, perceptual speed, and logical reasoning. These
findings, however, reveal mainly the acute side effects
of BMT treatment as the sample size at the last follow-
up was reduced to just 11 patients.

Two retrospective studies with an interval be-
tween treatment and assessment similar to that of our
current study found evidence for cognitive decre-
ment.5,20 Andrykowski et al.20 reported slowed cogni-
tive processing, attention problems, and difficulties in

reasoning in 30 allogeneic transplant patients and
found an association with increased TBI dose. Re-
duced memory function after allogeneic BMT related
to older age, a longer interval post-BMT, chronic
GVHD, and long-term CyA use was found by Padovan
et al.5 However, both studies lacked comprehensive
neuropsychological testing as only subjective and un-
reliable measures (self-report questionnaires and a
structured interview) were used. Therefore, the extent
of cognitive problems may have been misjudged or
underestimated.

Two recent studies showed only minor cognitive
problems following autologous BMT, which is contra-
dictory to our findings.25,26 Peper et al.25 used stan-
dardized neuropsychological tests in a small cross-
sectional study of 20 survivors of autologous BMT at a
mean interval of 32 months after treatment. Only a
slight reduction of memory function was found, but
these survivors were compared with control patients
with renal insufficiencies in whom cognitive dysfunc-
tions are to be expected.44,45 The same group found
normal pretreatment results and improved test per-
formance in a prospective evaluation of 58 autologous
BMT patients with a mean follow-up of 27 months.26

The improvement in cognitive functioning was ex-
plained by practice effects of the repeated measure-
ments (before treatment, the first day of TBI, and 6 –36
months after TBI/BMT treatment), as well as by an
increase of positive mood states. A possible explana-
tion for the inconsistency between these studies and
our findings is the difference in the type of BMT. In
our study, the majority of patients received allogeneic
BMT, 26% of whom had an unrelated donor. The
incidence of neurologic complications varies among
types of BMT with allogeneic BMT, in particular BMT
with unrelated donors, carrying more treatment-re-
lated morbidity than autologous BMT.3– 6 In our co-
hort of patients, the neurotoxity and cognitive dys-
functions will have been more severe because of their
exposure to acute and chronic GVHD and complica-
tions related to immunosuppression or immunosup-
pressive therapy. However, we did not find a relation-
ship between the neurologic complications and
cognitive impairment. This could be related to the
small sample size, as Padovan et al.5 reported in 66
patients more neurologic and neuropsychological ab-
normalities after allogeneic BMT compared with au-
tologous BMT. Another explanation for this absence is
that some neurologic complications were fully revers-
ible like CyA and other metabolic encephalopathies.

We compared patients’ performance on the neu-
ropsychological tests with subjective cognitive prob-
lems in their daily life routine. There was a relation-
ship between cognitive impairment and cognitive
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problems measured by the EORTC QLQ-C30, but
there was no association with the extent of cognitive
problems rated by the neuropsychologist before test-
ing. This finding is interesting and suggests that an
interview by a clinician without formal neuropsycho-
logical testing is an unreliable measure for addressing
cognitive functioning in BMT patients.

Our data suggest correspondence between im-
paired cognitive function and educational level, espe-
cially higher educational background. Parameters
such as age, gender, and level of education influence
cognitive functioning. In particular, education level
can affect the level of performance on tasks involving
verbal skills, stored information, and other school-
related activities.32 Although the normative data usu-
ally have corrections for age and gender, education-
specific norms are not available for the majority of
neuropsychological tests. Only a longitudinal study in
which patients are followed in time and are tested
before treatment will overcome this problem.

We also collected information regarding QOL and
mood states. An important finding is that fatigue and
global health are the main disease and treatment-
related predictors for cognitive impairment. Our re-
sults on QOL confirm earlier studies among long-term
BMT survivors, i.e., up to 10 years following treatment,
a considerable percentage of patients still experience a
wide range of lingering complaints.46 – 48 Physical lim-
itations or functional disability, pain, sexual problems,
fatigue, sleep disturbances, and social problems were
the most common reported complaints. Our findings
show that both global QOL and fatigue were signifi-
cantly associated with depressed mood measured by
the brief POMS. This suggests that these lingering
complaints have a great impact on patients’ daily life
in general. It is still unknown whether the cohesion
among fatigue, global health, and cognitive impair-
ment is possibly related to another unspecified factor.
It may be worthwhile to investigate whether interven-
tion programs developed specifically to enhance QOL
and to reduce fatigue and other late physical effects
help patients to reestablish their daily life routine after
the BMT treatment.

Our study is the first to evaluate late cognitive side
effects using an extensive neuropsychological test bat-
tery in combination with QOL and mood states mea-
sures in long-term adult survivors with a minimum
survival of 2 years or more. However, it is preliminary
and has some methodologic limitations. The sample
size is relatively small due to the low survival rates and
the limited number of disease-free survivors. Another
limitation is that all patients in our study received a
conditioning regimen with high-dose chemotherapy
and TBI and the effects directed to TBI only were not

assessed. In addition, with this sample size, we were
unable to assess whether specific chemotherapeutic
agents or dosages affect cognitive functioning. Simi-
larly, the retrospective design and lack of pretreatment
baseline assessment preclude definite conclusions
about a change in cognitive functioning over time. The
best way to evaluate the side effects of BMT treatment
on cognitive functioning is through a longitudinal co-
hort study using a comprehensive neuropsychological
test battery instead of a cognitive screening test or
questionnaires only. Our results highlight the demand
for systematic investigations on the late neurocogni-
tive effects of BMT treatment in adult patients. We
have started a prospective and longitudinal cross-sec-
tional study to assess cognitive functioning and QOL.
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