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The role of cognitive function in quality of life is
important among the growing numbers of survivors
after cancer treatment. The authors conducted
a prospective cohort study of 106 adults evaluated 5.6
months (median) after diagnosis and 77 of 83 (93%)
survivors 12 months later with neuropsychological
assessments yielding information about simple
reaction time to stimuli and other aspects of cognitive
function and with two quality of life measures. The
two most consistent predictors of change in quality of
life were baseline quality of life ratings and simple
reaction time. This novel finding about simple
reaction time warrants further confirmation.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2014; 26:249–257)

With nearly 12 million cancer survivors in the
United States and more worldwide, quality of life

is an increasingly important clinical endpoint for this
growing cohort.1,2 Both perceived cognitive function
and objectively measured cognitive dysfunction have
been shown to influence health related quality of life in
patients with other types of medical problems, such as
coronary artery disease.3,4 Because cognitive functioning
is closely connected with the core aspects of quality of
life, their relationship in cancer survivors is an area of
ongoing inquiry.5

Cognitive changes in cancer patients are complex and
may reflect disease, treatment, and psychological re-
sponses, such as depression or anxiety.6 Furthermore,
cognitive impairment after cancer treatment may be
subtle or occur intermittently, so that objective evidence
may be difficult to obtain.7 To date, much of the available
literature on treatment-related cognitive dysfunction in
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non-central nervous systems cancers has focused on
patients with breast cancer.2

The use of cognitive tests to evaluate changes is
necessary to clarify cancer patients’ complaints about
memory and concentration problems because of the
limited correlations reported between subjective and
objective cognitive changes in cancer patients after
treatment.5,6,8 Yet, the amount of time and effort needed
by the patient and examiner to complete the testing, the
potential effect of practice on repeat testing by patients,
and the influence of the patient’s background such as
education, age, or race on testing outcome have been
raised as practical considerations.6 In addition to these
concerns about feasibility, others have suggested that the
cost of cognitive testing is another potential barrier.9

Hence, an efficient way to measure these changes is
needed.10

Reaction time to a stimulus is a fundamental neuro-
psychological measure of the brain’s information pro-
cessing efficiency. Reaction time assessments offer some
advantages over other psychometric tests because they
are almost knowledge free, less likely to reflect an
individual’s educational and social background, and are
quick to administer.11 As such, they may have an im-
portant role in the pragmatic cognitive evaluation of
cancer patients.

Several studies have demonstrated the promise of
reaction time measurement in other settings. An in-
novative study of cognitive deficit and quality of life
capitalized on the advantages of bedside measurement
of simple and choice reaction times and found a statis-
tically significant positive correlation between these
measures and perfusion time in a sample of 50 patients
who underwent open heart surgery.12 Another study of
898 people showed that simple and choice reaction time
variables measured at age 56 were significantly associ-
ated with mortality in the following 14 years.11

Because somemalignancies involve the central nervous
system (CNS), it is difficult to ascertain the contribution of
treatment when the disease itself may account for mental
status changes.13,14 Hence, it is desirable to focus on
malignancies that do not typically involve the CNS if the
objective is to study the cognitive changes associated
with treatment and their association with subsequent
quality of life. Chronic myelogenous leukemia (CML) and
myelodysplastic syndrome (MDS) are two such diseases
without apparent CNS involvement. CML is considered
to be a model in research and management among
malignant disorders because of its linkage with a specific

chromosomal abnormality.15 MDS is a common, ac-
quired, clinically challenging hematologic condition
characterized by bone marrow failure and risk of
progression to acute leukemia.16 Their treatments can be
similar, with allogeneic hematopoietic stem cell trans-
plantation (HSCT) as a curative possibility; moreover,
conventional chemotherapy with its possible cognitive
effects is not a treatment option for either disease.
The purpose of this exploratory study was to evaluate

the association of cognitive function to health-related
quality of life 1 year after treatment for CML or MDS.
Cognitive functionwas evaluated using a comprehensive
battery of measures, including reaction time, and con-
sidered in the context of other demographic and clinical
variables chosen because of their potential association
with function after treatment in other studies.17–20 We
hypothesized that cognitive function, and in particular,
simple reaction times would be predictive of health
related quality of life after treatment.

METHODS

Participants were 106 adults with CML (86%) or primary
MDS (14%), enrolled in a study with serial neuropsycho-
logical evaluations, first as they initiated treatment and
then 12 months later. Seventy-seven of 83 (93%) potential
participants completed the 12-month evaluation (23 in-
dividuals died and six withdrew or were lost). Eligibility
criteria included reading and listening comprehension
of English, and diagnosis within the past year or new
treatment plan (e.g., for HSCT) for the next year. Exclusion
criteria included history of significant head injury (result-
ing in loss of consciousness), stroke, epilepsy, or other
CNS pathology requiring radiation, surgery, or intrathecal
medication, and current alcohol or substance abuse or
dependence. Subjects offered written, informed consent
for this study which was reviewed and approved by the
Institutional ReviewBoard (Protocol 2000-P2002410). They
received an honorarium of $50.00 for each evaluation.
Additional details are available elsewhere.21

Initial Evaluation
Each participant completed an initial evaluation at a
median of 5.6 months after the participants’ diagnosis
date. The initial evaluation included a participant profile
with questions about age, racial and ethnic background,
highest level of education achieved, marital status, and
use of alcohol and drugs assessed by the Alcohol and
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Drug Modules from the Structured Clinical Interview for
DSM-IV.22 They also completedmeasures of quality of life
(QoL) and mood, and a neuropsychological assessment.

QoL and Mood Measures
These measures were completed at the time of initial
evaluation and then 12 months later: 1) the Medical
Outcomes Study 36-Item Short Form (SF236), to evaluate
their physical [physical component summary scale (PCS)]
and mental health [mental component summary scale
(MCS)]23; 2) Functional Living Index–Cancer (FLIC), to
measure the overall functional quality of the person’s day
to day life24; and 3) the Brief Profile of Mood States (Brief
POMS) to summarize general distress or mood.25 The
Medical Outcomes Study SF236 items and scales were
scored as prescribed to generate the MCS and PCS. Each
has a mean of 50 and a SD of 10; a higher score indicates
higher function.26 FLIC scores can range from 22 to 154,
where higher scores are consistent with better daily
function.24 Scores for the Brief POMS range from 0 to 44,
where higher scores are associated withmore distress and
depression.25

Neuropsychological Assessment
Neuropsychological assessments were completed at the
time of the initial evaluation and then 12 months later.
Neuropsychological test selection was based on pre-
vious research including patients with hematological
malignancies, and incorporated measures of attention,
executive function, language, memory, and motor
speed.10,27 The following measures were used: 1)
Buschke Selective Reminding Test,28,29 2) Digit Span and
Digit Symbol Coding subtests from the Wechsler Test of
Adult Intelligence – III,30 3) Trail Making Test (Parts A
and B),31 4) Verbal Fluency Test (both phonemic and
animal fluency tasks),32 5) Stroop Color Word Test,33

and 6) Grooved Pegboard Test.34 The reliability and
validity of these tests are well documented.35 Experi-
mental computer-based tests were also used and in-
cluded a test of simple reaction time, which will be the
focus of this evaluation. In order to mitigate possible
learning effects on the neuropsychological testing, sub-
jects were randomly assigned alternate forms of the Ver-
bal Fluency Test, Trail Making Test, Buschke Selective
Reminding Test, and computer tests.

The computer stimuli were presented on a MacIntosh
computer using the PsyScope program.36 In the simple
reaction time task, subjects were presented with a box on
the computer screen in which an asterisk (*) appeared to

cue the subject that the target (an X) would appear. They
were instructed to press the zero key on the external key
pad as quickly as possible when the X appeared in the
box. Sixty trails were presented, with presentation times
varying randomly at 250 msec, 500 msec, 750 msec, 1000
msec, 1250 msec, and 1500 msec after the (*) appeared.
Reaction times (msec) were obtained, as well as accuracy
data. Because there were no differences between the
reaction times at the different interstimulus intervals, an
average reaction time was calculated for each subject at
each assessment.
Neuropsychological tests were scored according to

established protocols. Raw scores were converted to
z scores from age, sex, and/or education corrected
normative data.37 A composite score for each domain
was calculated by averaging the neuropsychological
tests’ z scores within their respective domains (e.g.,
attention, executive, language, memory, motor, and
processing function). The Attentional domain included
the Digit Span subtest from the Wechsler Adult In-
telligence Scale-III and the Trail Making Test, Part A.
Executive Functioning domain measures included the
Trail Making Test, Part B, Verbal Fluency Test, and the
Stroop Color Word (interference condition). The Lan-
guage domain included the semantic fluency trial. Four
measures from the Buschke were incorporated as the
Memory domain. The Processing Speed domain in-
cluded the WAIS-III Digit Symbol subtest, and the color
and word conditions from the Stroop Color Word Test.
The Motor domain included the Grooved Pegboard Test
for both the dominant and non-dominant hands.

Data Analysis
All analyses were carried out using the SAS statistical
package (version 9.1). Simple descriptive statistics were
calculated and are reported as percentages, means, SDs,
and ranges, as appropriate. Participant characteristics at
enrollment, considered to be the baseline, and then 12
months later, were compared using chi-square and t tests
of significance.
Longitudinal analyses were restricted to the 77 par-

ticipants who had completed the 12-month evaluations to
avoid projecting quality of life for patients who were
unavailable for the follow-up evaluation. Univariate
associations of change in QoL between enrollment and
12 months were evaluated using the GENMOD pro-
cedure, adjusting for initial QoL. Multivariate regression
models were built for each QoL outcome, adjusting for
initial baseline QoL, diagnosis, and treatment. To adjust
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for confounding, initial Brief POMS as well as any initial
demographic and/or cognitive measures were included
in themultivariate model if the univariate association was
less than p,0.10. No further variables were added to or
removed from the final multivariate models.

Additional analyses are described in the data supple-
ment that accompanies the online edition of this article.
(To view the Appendix, also see the data supplement.)

RESULTS

Table 1 summarizes the demographic and clinical char-
acteristics at enrollment for all subjects and among the 77
for whom longitudinal data were available. Both groups
were similar in terms of mean age (∼48 years), sex (.50%
male), marital status (∼62% married), and educational
attainment (∼50% with at least a 4-year college degree).
Most were of white, non-Hispanic (∼88%) background.
None satisfied diagnostic criteria for current alcohol or
substance use disorders, and both groups had similar
rates of lifetime substance use disorders. However, the
groups did differ in other ways, primarily related to
attrition because of mortality. Higher proportions of those
able to provide longitudinal data had stable phase CML
(p=0.002), had treatments other thanHSCT (p=0.008), and
higher hemoglobin values at study enrollment (p=0.0013).
More people with CML received HSCT than those with
MDS (47% versus 20%, p=0.053); 94% of the HSCT re-
cipients received total body irradiation (total dose 14 Gy,
in seven fractions). Among those with CML treated in
other ways, the majority received imatinib mesylate
(84.5%); other treatments included hydroxyurea (10.4%)
or interferon (4.2%). Treatment other than HSCT for those
with MDS included hydroxyurea (17%), supportive
treatment (25%), erythropoietin (33%), and azacitidine
(42%), with some individuals receiving more than one of
the treatments simultaneously.

With regards to cognitive measures, both the baseline
and follow-up samples had similar performances on
executive function, language, memory, andmotor domains
at the time of study enrollment. However, among those
who provided longitudinal data, better attention (p=0.02),
and less impaired processing speed (p=0.03) were ob-
served. Please refer to the data supplement formore details.

QoL Measures
Predictors of changes in quality of life between enrollment
and 12 months are summarized in Table 2 and Table 3.

Table 2 summarizes the univariate baseline predictors of
change. Table 3 summarizes the multivariate models for
predictors of change.

The FLIC
The FLIC provides a summarymeasure of an individual’s
overall functional day to day life. With a possible range
in values from 22 to 154, higher values indicated higher
function. The mean FLIC at enrollment was 119.2 (SD=22.3)
and increased to 126.1 (SD=23.7) 12 months later (p=0.06).
While adjusting for the initial FLIC, two univariate
baseline predictors of FLIC change at 12 months were
identified. Greater age (p=0.10) and increased reaction
times (p=0.01) were both negatively associated with
improved FLIC scores at 12 months. Each additional
year of agewas associatedwith a decrease of 0.25 (SE=0.15)
in FLIC change at 12 months. For each unit increase in
reaction time, there was a decrease of 0.01 (SE=0.004) in
FLIC change at 12 months.
The multivariate model for the change in FLIC at 12

months (Table 3) identified three baseline correlates that
had effects on the extent of change: 1) FLIC, whereby
those with higher baseline scores had less change
(Effect=20.23 (SE=0.09), p=0.01); 2) treatment, whereby
those receiving HSCT experiencedmore improvement in
quality of life [Effect=11.22 (SE=4.8), p=0.02] and 3)
simple average computer reaction time, [Effect=20.01
(SE=0.004), p=0.0009]. Quicker reaction time at enroll-
ment was the only significant cognitive correlate of
subsequent improvement in quality of life as measured
by the FLIC.

MCS
The MCS is standardized to have a mean of 50 and SD of
10. The median MCS established for the general US
population with cancer (except skin cancer) is 48.54
(SD=11.24), with an expected range between 20 and 67.26

Participants in this study began with a meanMCS of 46.5
(SD=11.0) and experienced improvement on this mea-
sure to 49.0 (SD=10.6) at 12 months (p=0.16).
Four univariate baseline predictors of change in MCS

at 12 months (Table 2) were identified: 1) treatment,
whereby HSCT compared with other treatment was as-
sociated with greater improvement [Estimate (SE)=3.94
(2.01), p=0.05]; 2) language, so that those with those with
higher semantic fluency scores also had betterMCS scores
[Estimate (SE) =1.69 (0.96), p=0.08]; 3) reaction time, where
slower reaction times were associated with less MCS
change [Estimate (SE)=20.005 (0.002),p=0.0006]; and 4)
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the Brief POMS, where a higher Brief POMS score (or more
depressive symptoms) was associated with less MCS
change [Estimate (SE)=20.48 (0.20), p=0.015].

The multivariate model for MCS change at 12 months
(Table 3) identified two factors that predicted more
change and three factors that predicted less change.
Greater MCS change was associated with HSCT treatment
[Effect (SE) =5.42 (1.76), p=0.002] and better language
function [Effect (SE) =1.67 (0.80), p=0.03]. Higher baseline
MCS was associated with less MCS change at 12 months
[Effect (SE) =20.65 (0.13), p,0.0001]; as were higher

reaction times [Effect (SE) =20.007 (0.001), p,0.0001]
and a higher Brief POMS score [Effect (SE) =20.46
(0.16), p=0.004].

PCS
The PCS is standardized to have a mean of 50 and a SD of
10; the mean for the general US population with cancer
(except skin cancer) is 41.1 (SD=11.5), with an expected
range from 17 to 61.26 The mean PCS at enrollment 46.8
(SD=8.5) and did not change significantly by 12 months
when there was a mean of 46.7 (SD=10.3).

TABLE 1. Baseline Demographic and Clinical Characteristics of the Study Sample

Variable All (N=106) Longitudinal Sample (N=77) p

Mean age (SD) 47.9 (13.5) 48.6 (13.7) 0.40
Sex
Male 55% 52% 0.35
Female 45% 48%

Marital status
Single 22.7% 20.8% 0.43
Married 61.3% 63.6%
Divorced 11.3% 9.1%
Widowed 2.8% 3.9%
Other 1.9% 2.6%

Race
White, non-Hispanic 87.6% 88.2% 0.63
Black, non-Hispanic 6.7% 6.6%
Asian/Pacific Islander 2.9% 1.3%
Native American 1.0% 1.3%
Other 2.0% 1.3%

Education
Graduate or professional 20.8% 20.8% 0.87
College, 4-year 28.3% 28.6%
Partial college 26.4% 27.3%
High school 22.6% 20. 8%
Other 1.9% 2.6%

Disease
CML, stable 67% 77% 0.0017
CML, accelerated 19% 12%
MDS 14% 11%

Treatment
HSCT 42% 34% 0.0084
Other treatment 58% 66%

Baseline Hg (mean, SD) 11.77 (1.84) 12.18 (1.52) 0.0013

Lifetime Substance Abuse or Dependence
Alcohol 28% 27.3% 0.70
Cocaine 9% 6.5% 0.23
Marijuana 12% 13% 0.71

Cognitive Measuresa

Attention 0.31 (0.86) 0.43 (0.86) 0.021
Executive function –0.39 (1.2) –0.26 (1.2) 0.09
Language 0.067 (1.1) 0.105 (0.99) 0.60
Memory –0.95 (1.3) –0.88 (1.3) 0.37
Motor –0.94 (1.7) –0.85 (1.6) 0.42
Processing –0.29 (0.68) –0.20 (0.65) 0.03
Reaction time, msec 479.5 (503.9) 481.9 (555.4)b 0.91

Psychological Mood
Brief POMS (mean, SD) 9.06 (8.8) 8.35 (8.71) 0.17

aResults for the Cognitive Test Domains (except for Reaction Time) are presented as mean z scores with (SD).
bBased on N=72.
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Five baseline predictors of PCS change at 12 months
(Table 2) were identified when change was adjusted for
baseline PCS value. Three predictors associated with
more PCS change were 1) education, whereby those with
more education had more change on the PCS [Effect (SE)
=6.54 (2.35), p=0.01] 2) disease, whereby those with
stable phase CML had the most change compared with
other diseases [Effect (SE) =5.29 (3.06) p=0.08]; and 3)
attention, whereby those with higher attention domain
scores had more change on the PCS [Effect (SE) =2.11
(1.22), p=0.08]. Two predictors associated with less PCS
change were 1) reaction time [Effect (SE) =20.005 (0.002),
p=0.003] and 2) the brief Brief POMS score [Effect (SE)
=20.34 (0.12) p=0.003]. For both of these predictors,
higher reaction time and more depressive symptoms
were associated with less change on the PCS.
Results from the multivariate model for PCS change at

12 months (Table 3) included several of the univariate
predictors. Disease (stable phase CML compared with
the other diseases) had a positive effect [Effect (SE) =8.33
(2.59), p=0.0013], but baseline PCS [Effect (SE)=20.61
(0.11), p,0.0001], reaction time [Effect (SE)=20.006
(SE=0.002), p,0.005], and the Brief POMS score [Effect

TABLE 2. Univariate Models for Predictors of Change in Quality of Life Measures between Enrollment and 12 Months

FLIC Changea MCS Changeb PCS Changec

Demographic Variables Estimate (SE) p Estimate (SE) p Estimate (SE) p

Age –0.25 (0.15) 0.10 –0.08 (0.07) 0.25 –0.08 (0.07) 0.28
Sex –2.39 (4.21) 0.57 –0.76 (1.97) 0.70 –2.28 (2.05) 0.27
Marital status 3.25 (4.26) 0.45 –0.11 (2.02) 0.96 –1.26 (2.25) 0.58
Race 0.04 (2.16) 0.98 0.93 (1.46) 0.52 –0.72 (1.55) 0.64
Education 5.49 (4.77) 0.25 –0.16 (2.31) 0.94 6.54 (2.35) 0.01
Clinical Variables
Disease 4.94 (6.27) 0.43 0.48 (2.96) 0.87 5.29 (3.06) 0.08
Treatment 7.00 (4.42) 0.11 3.94 (2.01) 0.05 –2.95 (2.14) 0.17
Baseline Hg 0.53 (1.40) 0.70 0.20 (0.66) 0.76 0.72 (0.69) 0.30
Lifetime Substance Abuse

or Dependence
Alcohol 1.44 (4.63) 0.76 –0.01 (2.19) 0.99 –0.15 (2.32) 0.95
Cocaine 3.86 (8.96) 0.67 1.59 (4.21) 0.70 3.30 (4.49) 0.46
Marijuana –1.60 (6.20) 0.80 0.15 (2.92) 0.96 –0.50 (3.10) 0.87
Cognitive Measures
Attention 1.73 (2.41) 0.47 0.33 (1.12) 0.77 2.11 (1.22) 0.08
Executive function 2.54 (1.75) 0.15 0.91 (0.83) 0.27 0.29 (0.90) 0.75
Language 0.70 (2.08) 0.74 1.69 (0.96) 0.08 –0.64 (1.04) 0.54
Memory –0.07 (1.63) 0.97 0.16 (0.77) 0.83 0.45 (0.79) 0.57
Motor –0.53 (1.25) 0.68 –0.34 (0.59) 0.57 –0.15 (0.63) 0.81
Processing 3.67 (3.15) 0.24 –0.03 (1.49) 0.98 2.52 (1.57) 0.11
Reaction Time –0.01 (0.004) 0.01 –0.005 (0.002) 0.00 –0.005 (0.002) 0.00
Psychological Mood
Brief POMS –0.51 (0.40) 0.20 –0.48 (0.20) 0.02 –0.34 (0.12) 0.00

aModels adjusted for initial FLIC.
bModels adjusted for initial MCS.
cModels adjusted for initial PCS.

TABLE 3. Multivariate Models of Predictors of Change in
Quality of Life Measures between Enrollment and 12
Months

Adjusted Full Models

FLIC Change Effect (SE) p
Baseline FLIC –0.23 (0.09) 0.01
Disease 1.44 (6.46) 0.82
Treatment 11.22 (4.8) 0.02
Age –0.13 (0.17) 0.47
Reaction time –0.01 (0.004) 0.0009

MCS Change Effect (SE) p
Baseline MCS –0.65 (0.13) <0.0001
Disease 0.30 (2.31) 0.9
Treatment 5.42 (1.76) 0.002
Language 1.67 (0.80) 0.03
Reaction Time –0.007 (0.001) <0.0001
Brief POMS –0.46 (0.16) 0.004

PCS Change Effect (SE) p
Baseline PCS –0.61 (0.11) <0.0001
Disease 8.33 (2.59) 0.0013
Treatment –1.04 (1.89) 0.62
Education 2.54 (2.13) 0.23
Attention average 0.28 (1.10) 0.80
Reaction time –0.006 (0.002) 0.0003
Brief POMS –0.41 (0.10) <0.0001

*All Models adjusted for diagnosis and treatment, regardless of
significance in univariate tests
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(SE) =20.41 (0.10), p,0.0001] all had negative effects on
PCS change.

DISCUSSION

Quality of life after cancer treatment is complex and
changes over time. In general, patients did not enjoy
large improvements in quality of life 1 year after
treatment. Nonetheless, the two most consistent pre-
dictors of change in 12-month quality of life in this
sample were the initial quality of life results and simple
reaction time. Participants with higher baseline quality
of life measures had less improvement at follow-up.
Those with faster initial reaction times were the most
likely to show improvements in the quality of life
measures used in the study. Semantic fluency was the
only other cognitive measure associated with change in
the quality of life aspect measured by the mental
component summary scale of the Medical Outcomes
Study SF236.

The lack of association between other cognitive
measures and change in quality of life is noted and
may reflect the general challenges when evaluating
cognitive changes in cancer patients. These challenges
include the lack of a consistent, widely accepted
definition of cognitive impairment and variation in the
types of neuropsychological tests used in this popula-
tion.7 Some subgroups of patients may be more vul-
nerable to treatment induced cognitive changes than
others.38 Another explanation includes the limited cor-
relations reported between objective and subjective
measures of cognitive changes in cancer patients after
treatment, where patients may sense more subtle
changes that are not captured by the standard neuro-
psychological tests.5,6,8 Thus, simple reaction time may
be a more sensitive but less specific measure of cognitive
processing. This novel finding from our study will
require replication and further investigation by other
investigators.

Other clinical predictors of changes in quality of life
were important, depending on the aspect of quality
of life studied. For example, the Brief POMS score,
a measure of affective distress, was associated with
change in the two summary scales of the SF236, but not
the FLIC. Type of treatment had an effect on changes for
the FLIC and MCS, whereby those who received HSCT
had the greatest improvements on these measures.
Disease was associated with the PCS change, so that

those with stable phase CML had the greatest improve-
ment. Demographic variables such as marital status or
race, and history of past substance use disorders were
not predictive of quality of life changes at 12 months.
These results are supported by other researchers who
have reported that psychosocial factors account for change
in mental health, and clinical factors account for change in
physical well- being after treatment such as hematopoietic
stem cell transplantation.39

Potential limitations to the ability to generalize study
results include the study sample, which was restricted to
those with either CML or MDS. It was impossible to
randomize participants to cancer treatment for both
clinical and ethical reasons. While health related quality
of life was measured by the widely used Medical
Outcomes Study SF236 and FLIC, the Functional As-
sessment of Cancer Therapy Cognitive Scale (FACT-
Cog) has since become available.40 The Brief POMS was
selected because of its concision, but a more compre-
hensive assessment of affective state using the Symptom
Checklist290 Revised (SCL290-R), may result in a
broader range of psychological concerns for future
studies.41 Reaction time was measured using the ex-
perimental PsyScope program which was available to
the research team at the time of the study. Given these
promising study results, other commercially available
measures of reaction time could be used in clinical
practice, such as the Conners’ Continuous Performance
Test-II or the Test of Variables Attention (TOVA).
However the administration time for many of these
measures are usually longer than the experimental
measure we used. Reaction time findings were based on
94% (72 of 77) participants; results for five (6%) were
unavailable for a variety of reasons inconsistent with
systematic bias (participant preference, time constraints,
data storage loss). The data supplement that accom-
panies the online edition of this article has additional
information about reaction time analyses. As with most
longitudinal studies of cognitive changes in cancer
patients, a true baseline was not possible because
information about cognitive function before the cancer
diagnosis is unavailable.6 Finally, participants reported
on quality of life 1 year after treatment, and so the full
extent of improvement is unknown for subsequent
periods. These potential limitations notwithstanding,
strengths of this study include a longitudinal assessment
of a cohort with a 93% rate of participation of survivors
1 year after treatment for hematological malignancy
with no known CNS involvement, and administration of
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a comprehensive cognitive battery that included both
standard and novel components.

CONCLUSIONS

Although pending further confirmation, it appears that
use of simple reaction times may be an efficient and
sensitive measure of cognitive function that is also
predictive of quality of life change in the year after
treatment for CML and MDS. The advantages of simple
reaction time have already been noted, but this straight-
forward measure of the brain’s information processing
efficiency may also be more sensitive to changes that
other psychometric tests of cognition do not capture.7

Many other measures of processing speed involve more
complex integration of brain systems as opposed to the
simple reaction time task. Appreciation of the contribu-
tion of cognitive changes to quality of life is important,

particularly since they are distinct from affective changes
that also may exert an impact. Assessing reaction times
prior to treatment might help to identify which patients
will have better functional outcomes and which patients
might benefit from anticipatory efforts such as psycho-
education regarding the disease and treatment processes
to improve and strengthen existing support systems.
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