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Abstract
It has been suggested that chemotherapy treatment for cancer may contribute to cognitive decline in
older cancer survivors. This issue is particularly important given that subtle cognitive impairment,
particularly in cognitive processing speed, can affect functional status and quality of life for older
adults. Multivariate regression of data from a longitudinal randomized controlled trial of older adults
revealed a trend toward decreased performance after cancer treatment with chemotherapy on several
functional measures associated with processing speed (as compared to matched individuals who did
not have cancer). Additional analyses revealed that a subset of the chemotherapy treated adults
demonstrated a reliable negative change on several measures of processing speed. While
inconclusive, this hypothesis generating work suggests that cognitive dysfunction following cancer
treatment may contribute to disability observed in older cancer survivors. Further research is needed
to determine the significance of the relationship between cognitive and functional impairment in
older cancer survivors.
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Introduction
Coupled with the growing aging population, increases in life expectancy following cancer
treatment have extensive implications for increased burdens of cancer survivorship in
healthcare systems. Cancer survivorship is associated with disability and poorer health in older
adults(Keating et al., 2005, Ness et al., 2006, Chirikos et al., 2002). Older cancer survivors
identify more mobility and instrumental activity of daily living (IADL) limitations than peers
without such history(Hewitt et al., 2003). Although cancer type and medical co-morbidity are
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predictors of diminished health status, other modifiable predictors of poor functional outcomes
in cancer survivorship have not been identified(Hewitt et al., 2003).

A number of studies indicate that cancer chemotherapy may contribute to cognitive impairment
in cancer survivors(Ahles and Saykin, 2001, Castellon et al., 2004, Hurria et al., 2006b,
Schagen et al., 2001, Wefel et al., 2004). The literature suggests that cognitive impairments
may occur in all cognitive domains, including processing speed, and that a meaningful
proportion of older chemotherapy treated breast cancer patients have measurable deficits on
formal neuropsychological testing(Hurria et al., 2006b). In geriatric populations even subtle
cognitive impairments, particularly deficits in processing speed, are associated with functional
declines(Comijs et al., 2005). Thus, the impact of chemotherapy on processing speed in older
cancer patients may be an important contributor to functional impairment and diminished
quality of life in survivorship.

The functional declines observed in older cancer survivors are likely to be multifactorial and
complex. They may include a profound impairment in directly affected body systems (for
example continence and sexual function in prostate cancer survivors) as well as subtle
impairment in global function as the result of poorly defined systemic effects of illness or
treatment. Important issues impacting function in older cancer survivors may include disease
state, treatment received, comorbidities, subclinical conditions, nutritional status, activity
level, social involvement, emotional functioning, and cognitive function. Because of the
complex and interrelated contribution of each of these factors to functioning/disability in cancer
survivorship, a structured approach to conceptualizing the role of processing speed impairment
is helpful. The Disablement Process Model developed by Verbrugge and Jette (Verbrugge and
Jette, 1994) provides a relevant theoretical model that links functioning in the speed of
processing domain to functioning and activities of daily life, and describes the personal and
environmental factors that may impact disablement. Figure 1 reflects how this model might be
adapted to conceptualize the complex factors contributing to functioning/disability in older
cancer survivors. The design of the current study allowed us to address issues related to
processing speed and performance-based functional measures. As demonstrated in Figure 1,
disruption of these components interacts with internal and external environmental factors, and
may have a marked influence on subsequent function and disability.

One prospective longitudinal trial examined functional status in recent older breast cancer
survivors, and did not identify functional declines(Hurria et al., 2006a). This study, however,
utilized self-report functional assessments, which may not be sensitive to early decline. Other
longitudinal studies of function relying on self-report measures have not identified diminished
function in older cancer patients(Given et al., 2001, Watters et al., 2003). No reports were
identified in the literature utilizing performance-based functional assessments to identify subtle
functional decline in cancer survivors. The ACTIVE database provides the opportunity to
address this issue with measures rigorously designed to assess cognition and function.

Methods
The ACTIVE Study

The University of Alabama at Birmingham Institutional Review board approved all study
procedures. The ACTIVE study was a randomized controlled trial to test the effects of cognitive
training on daily function enrolling a total of 2,802 persons (age 65-94) in a four-group design
(Memory, Reasoning, Speed of Processing Training interventions and the no-contact control
group) between March 1998 and October 1999 at 6 different study sites. ACTIVE enrolled
adults (age 65-94) who had not experienced functional decline and who did not have health
conditions that would limit longitudinal follow-up. Treatment for cancer with chemotherapy
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or radiation therapy prior to baseline assessment was an exclusion factor for the parent study.
For extensive detail on ACTIVE screening procedure, see Jobe et al (Jobe et al., 2001).

To investigate the effects of chemotherapy treatment on cognitive and functional outcomes in
older adults, data from the 704 participants in the no-contact control group of the ACTIVE
study were analyzed. ACTIVE participants completed questionnaires at annual visits regarding
whether they had received a diagnosis of cancer in the interval since the last study visit. If they
had, they were asked to identify cancer site and treatment received. These data are limited to
patient self-report. The study initially included three annual follow-up visits (Annual Visit
1,2,3; denoted as AV1 etc.), and was subsequently extended to include a fifth annual visit,
AV5. Questions to assess chemotherapy utilization were included in AV2, AV3, and AV5, (no
data was collected for AV4) (Figure 2). For these analyses, data from the assessment two years
prior to the individual's report of cancer were utilized as the baseline for the individual
participant. Data from the visit at which they reported treatment with chemotherapy was
utilized as the post-chemotherapy time-point. Among participants randomized to the no-
contact control group, 39 reported treatment with chemotherapy subsequent to their baseline
assessment Data from two individuals had incomplete depression measures and were excluded
from analyses. A comparison group of 37 age, education, and gender-matched participants was
identified among control group participants who did not report a cancer treatment history. The
matched individual was also from the no contact control group. For the matched untreated
participant, the corresponding assessments were analyzed. This approach was utilized to ensure
similar exposure to practice effects in both the cancer group and their matched untreated
participant. For example, if an individual reported being treated with chemotherapy at AV5,
AV3 data were analyzed as pre-chemotherapy data and AV5 data were analyzed as post-
chemotherapy data. For the corresponding matched participant who was not treated with
chemotherapy, AV3 data were analyzed as the initial assessment and AV5 data were analyzed
as post-test data.

Measures
The cognitive and functional measures completed by ACTIVE participants at each annual visit
are detailed by Ball et al(2002) and Jobe et al(2001). The measures utilized for this analysis
assess demographics, depressive symptoms, cognitive speed of processing, and functional
performance. They are described below:

Demographics—Upon study entry, participants reported demographic characteristics
including age, gender, race, and education. Education was assessed by the number of years of
formal education reported by each participant.

Depressive Symptoms—The Center for Epidemiological Studies-Depression (CES-D) is
a self-report measure used to assess depressive symptomology(Radloff, 1977). Participants are
given 12 statements, such as ‘I felt depressed’ and ‘I had crying spells’. They are asked to rate
how frequently they have experienced such symptoms over the last week. Frequency ratings
range from ‘never (0)’ to ‘5 to 7 days (3)’ with a range of 0 to 36. Higher scores indicate more
depressive symptoms.

UFOV—The Useful Field of View (UFOV®) is a computerized visual information processing
speed assessment consisting of four subtests that increase in complexity(Edwards et al.,
2006, Edwards et al., 2005). Visual targets (cars and trucks) are presented at increasingly briefer
display speeds (between 16 and 500 ms) via the double-staircase method controlled by a full-
field, backward mask. The first subtest requires identification of a central target (car or truck);
the second subtest requires this central task along with localization of a second peripheral target
(car); the third subtest requires the same identification and localization tasks, but also includes
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distractors (triangles of the same luminance and size as the targets). The final subtest also
contains the distractors, but requires participants to discriminate whether two central targets
are the same or different while simultaneously locating a peripheral target. Scores are given
for each subtest representing the 75% threshold display speed. A composite sum of subtests 1
through 4 was created to assess Cognitive Processing Speed.

WAIS Digit Symbol Substitution is a measure of processing speed that consists of a grid of 93
empty squares, each paired with a number ranging from 1 to 9(Weschler, 1981). Each number
is associated with a specific symbol on a key at the top of the page. Subjects are given 90
seconds to record the correct symbol associated with each number above the grid of empty
squares. The total number of correctly substituted symbols was used in the analyses, with higher
scores indicating better performance.

Timed Instrumental Activities of Daily Living (TIADL)(Owsley et al., 2001, Owsley et al.,
2002) assesses performance of laboratory-simulated everyday activities through performance
accuracy and time needed to complete each task. Tasks included (a) looking up and repeating
a telephone number from a telephone book, (b) counting out change, (c) reading ingredients
from labels of cans of food, (d) finding food items on a crowed grocery shelf, and (e) reading
instructions from prescription medication bottles. Time penalties are assessed for errors such
that more accurate and faster performance is indicated by smaller scores.

The Road Sign Test is a computerized measure of everyday complex reaction time requiring
quick and accurate response to road signs(Ball and Owsley, 2000). Combinations of three or
six road signs with and without slashes (left arrow, right arrow, bicycle sign or pedestrian sign)
are simultaneously presented in different locations on the screen. Participants are instructed to
react whenever a sign without a slash appears on the screen, and to ignore, or not react, to the
signs with slashes. Participants were required to either click the computer mouse (to pedestrian
or bicycle signs without slashes), or move the mouse in the direction of the turn arrow as quickly
as possible. The amount of time from the stimulus presentation to the correct reaction from the
participant is recorded, resulting in average reaction times for both the three-sign and six-sign
displays.

Statistical Analysis—All analyses were performed using SAS software version 9.1.
(2006) Normative data derived from baseline scores for the 2802 subjects enrolled in ACTIVE
were utilized to convert participant's raw scores on the UFOV®, RST, digit symbol, and TIADL
measures at their pre-chemotherapy assessment to z-scores in an attempt to identify individuals
who exhibited initial impairment on any of the four_tests. Z-scores of ≤ −1.5 were classified
as indicating impairment. Multivariate regression analysis of group means was undertaken to
test the association between treatment with chemotherapy and cognitive/functional score at the
post-chemotherapy assessment. Composite scores for Everyday Speed and Cognitive
Processing Speed were assessed in the multivariate analysis to reduce test-specific performance
differences in the assessment of cognitive domains. Age at the pre-chemotherapy assessment,
depressive symptoms, chemotherapy/no chemotherapy, and cognitive/functional score at the
pre-chemotherapy assessment were included as predictors in the model for each outcome.
Additional analyses focused on the identification of an affected subset of participants with
regard to processing speed measures and measures of functional performance. The analytic
approach was similar to that reported in prospective studies of the impact of chemotherapy on
cognition(Wefel et al., 2004, Hurria et al., 2006b). Raw scores and the reliable change index
(RCI) were used to identify the proportion of individuals demonstrating negative change within
each group. The RCI was computed by dividing the difference between the scores at the pre-
chemotherapy and post chemotherapy time-points by the standard error of the measure
(Jacobson and Truax, 1991, McSweeny et al., 1993)(see Figure 3 notes). Consistent with the
procedure for identifying individuals with impairment at baseline, a RCI of −1.5 or less
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signified a reliable decline and a RCI of 1.5 or greater signified a reliable improvement.
Negative scores for the RCI represented worse performance on the measure.

Results
The cancer types reported by ACTIVE participants comprised a heterogeneous group. They
reflect a distribution that would be predicted by studies of prevalence in the population, with
the notable absence of lung cancers. It is hypothesized that lung cancer patients were lost to
attrition because of the rapidly progressive nature of that disease. Of the 39 individuals
reporting any type of cancer: breast (n = 14), prostate (n =7), colorectal (n = 3), lymphoma (n
= 3), bladder (n = 2), uterine (n = 2), head and neck (n = 2), ovarian (n = 2), multiple myeloma
(n = 1), breast/uterine (n = 1), breast/colon (n = 1), breast/cervical/ovarian (n = 1). There were
missing depression scores for two individuals, therefore these individuals were excluded from
the analyses. A comparison group of 37 age, education, and gender-matched participants was
identified among control group participants who did not report a cancer treatment history. No
differences between the groups were found for mean age (76.04 for cancer treated with
chemotherapy group 75.81 for control, p= .83), gender (28 of 37 female in both groups, p=1.0),
education (14.14 years vs. 14.08, p=.93) and depressive symptoms mean score (3.68 vs. 3.79,
p=.9).

At the pre-chemotherapy assessment one untreated participant was classified as impaired based
on UFOV® performance, and one additional chemotherapy-treated participant was classified
as impaired based on the RST. Multivariate regression analysis revealed a trend toward worse
post-chemotherapy performance for the chemotherapy group on the Everyday Speed
Composite score, a processing speed-related daily function composite comprised of The Road
Sign Test (RST) and Timed Instrumental Activities of Daily Living (TIADL), F(1,68) = 3.31,
p=.07. Increased age at baseline and poor performance at baseline were each associated with
slow processing speed at the post chemotherapy assessment, p's < .02. The analysis for the
Cognitive Processing Speed Composite, comprised of subsets 1, 2, 3, and 4 of the UFOV®

undertaken in the same manner was not significant (p=.47). Poor UFOV® performance at
baseline, older age, and more depressive symptoms were each individually predictive of slower
processing speed, p's <.04. A post-hoc power analysis of the unadjusted mean differences in
change scores revealed that if the same 1:1 matching design were maintained it would be
necessary to have 67 individuals in each chemotherapy group to have power = .80 for finding
a significant group difference (alpha level = .05, two-sided) on the Everyday Speed Composite
score and 210 in each group to have the same power for finding a difference on the Cognitive
Processing Speed Composite.

Analyses of reliable change in performance demonstrated that UFOV® performance declined
for 5 of 35 (14%) chemotherapy treated individuals compared to 3 of 34 (9%) non-treated
individuals. Similar trends were shown for RST (24% vs. 17%), digit symbol (16% vs. 6%)
and TIADL's (24% vs. 17%). Overall, a larger percentage of chemotherapy treated individuals
consistently showed reliable declines in functional and processing speed domains as compared
to untreated peers (Figure 3). The odds ratio for these changes did not achieve statistical
significance (Table 1). The odds ratio of significant negative change in at least one of the speed
of processing/functional measures for the chemotherapy treated group was 1.66 (95% CI .65
– 4.20).

Discussion
Prematurely diminished cognitive and functional abilities in older adults have significant
societal, healthcare utilization, and economic implications. Processing speed, or mental
quickness, is a cognitive ability that may predict functional ability in older cancer patients. A
great deal of research has documented that normal age-related cognitive changes include
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declines in the speed at which one can process information (Ball et al., 2002, Salthouse,
1996, Finkel et al., 2005, Levitt et al., 2006). Furthermore, research has indicated that cognitive
slowing causes difficulty with the timed performance of everyday tasks that are vital to
independence (Owsley et al., 2002) (commonly referred to as TIADLs) such as grocery
shopping, medication management, and driving. Quicker processing speed has also been
associated with maintained health status (Hultsch et al., 1993) with advancing age as well as
improved health-related quality of life (Wolinsky et al., 2006). This study suggests that
chemotherapy treatment has a reliably negative impact on measures of cognitive processing
speed and related functional performance measures. Consistent trends in the predicted direction
in this study raise important questions about the relationship between cancer associated
cognitive decline and the disablement process in older cancer survivors.

This study suggests a trend toward decreased performance after cancer treatment with
chemotherapy on several functional measures associated with processing speed. Strengths of
this analysis include both the longitudinal design of the ACTIVE study and the comprehensive
nature of the cognitive and functional performance assessments. Prior studies of older cancer
patients utilizing self-report functional performance measures have not demonstrated an effect
of chemotherapy(Hurria et al., 2006a, Hurria et al., 2006b, Given et al., 2001), perhaps
indicating that the initial impact of cancer treatment on functional outcomes is subtle enough
that commonly used measures are not adequately sensitive to detect small but meaningful
impairment.

Limitations of this study include the small sample size, the heterogenous group of cancer
patients evaluated, and variability in time from exposure to chemotherapy, which may have
approached two years in the majority of participants. As a result of these limitations the findings
reported here may reflect an underestimation of the impact of cancer and chemotherapy on
cognition and function in older adults. This may account for the fact that the proportion of
participants with chemotherapy-treated cancer who demonstrated reliable negative change on
the cognitive measures evaluated was markedly less than would be predicted based on existing
prospective trials with breast cancer patients (Wefel et al., 2004). We attempted to control for
practice effects by utilizing data from the same time points from both chemotherapy treated
cancer patients and their controls, however the improvement of scores with the repeated
administration of cognitive tests is a recognized phenomenon in longitudinal cognitive trials.
A reliance on patient self-report of cancer and cancer treatment introduces an element of patient
interpretation of their illness and treatment that may impact accuracy of reporting. Additionally,
it is important to note that the comparison group participants did not have cancer, thus the
analysis does not isolate an exposure to chemotherapy, but rather exposure to cancer treated
with chemotherapy.

The descriptive information provided by this study can be used to aid future investigators in
formulating studies targeted specifically towards older cancer patients who experience
cognitive and functional decline. Further evaluation of the relationship between cognitive
decline and functional impairment are called for, as is the development of interventions to
explore whether these impairments are responsive to rehabilitation. Indeed, the speed of
processing training intervention evaluated in ACTIVE was found to significantly improve
performance on the everyday speed measures(Willis et al., 2006) and health-related quality of
life(Wolinsky et al., 2006) in predominantly healthy older adults receiving booster training.
This type of training has not yet, however, been evaluated in cancer patients.
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FIGURE 1.
Disablement Process Model demonstrating relationship between cognitive impairment and
disability in cancer survivors

Kvale et al. Page 9

Eur J Cancer Care (Engl). Author manuscript; available in PMC 2011 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



FIGURE 2.
Timing of assessments in the ACTIVE Study
2802 Persons aged 65-94 were enrolled in ACTIVE between March 1998 and October 1999
at 6 different study sites. The study was initially funded through Annual Visit 3 (AV3), and
was extended through AV5. No data was collected for AV4, however. In addition, questions
concerning cancer treatment were not asked at Annual Visit 1. For this analysis, data from the
assessment 2-years prior to the individual's report of cancer were utilized as the baseline for
the individual participant and their matched untreated participant, and data from the visit at
which they reported treatment with chemotherapy was utilized as the post-chemotherapy time-
point. Thus individuals reporting chemotherapy treatment may have been approaching 2 years
post-chemotherapy.
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Figure 3.
Change on Speed of Processing Batteries from Pre-Chemotherapy to Post-Chemotherapy
Assessment
Note: This figure demonstrates the percent of participants demonstrating a reliable change and
the direction of change for each speed of processing test by treatment group.
RCI = (posttest − pretest) / SEmeas; SEmeas = SD * √(1 − r11)
SD = standard deviation of the measure
r11 = the reliability of the measure (Cronbach's alpha from sample for UFOV and RST; test-
retest reliability for TIADL composite; reliability found in WAIS-R manual for digit symbol).
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Table 1

Changes in Cognitive and Functional Performance from Pre-Chemotherapy to Post-Chemotherapy Assessment
Assessed by the Reliable Change Index.

Measure Chemotherapy,
n (%)

No
chemotherapy,
n (%)

Odds Ratio*
Decline vs. Same
and Improve
(95% CI)

p-value*

UFOV (n=69) 1.72 (0.37-7.84) .4824

 Improve 2 (5.71) 5 (14.71)

 Same 28 (80.00) 26 (76.47)

 Decline 5 (14.29) 3 (8.82)

RST (n=73) 1.61 (0.50-5.09) .4205

 Improve 3 (8.11) 8 (22.22)

 Same 25 (67.57) 22 (61.11)

 Decline 9 (24.32) 6 (16.67)

Digit Symbol (n=73) 3.29 (0.62-17.52) .1629

 Improve 2 (5.41) 5 (13.89)

 Same 29 (78.38) 29 (80.56)

 Decline 6 (16.22) 2 (5.56)

TIADL (n=73) 1.61 (0.50-5.09) .4205

 Improve 1 (2.70) 7 (19.44)

 Same 27 (72.97) 23 (63.89)

 Decline 9 (24.32) 6 (16.67)

*
Odds ratio and p-value were computed using logistic regression analyses with dichotomous outcomes (decline=1 vs. no decline =0) and group as

the only predictor.
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