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Abstract

Alarge body of evidence indicates that cancer survivors who have undergone chemotherapy have cognitive impairments.
Substantial disagreement exists regarding which cognitive domains are impaired in this population. We suggest that is in
part due to inconsistency in how neuropsychological tests are assigned to cognitive domains. The purpose of this paper is to
critically analyze the meta-analytic literature on cancer-related cognitive impairments (CRCI) to quantify this inconsistency.
We identified all neuropsychological tests reported in seven meta-analyses of the CRCI literature. Although effect sizes were
generally negative (indicating impairment), every domain was declared to be impaired in at least one meta-analysis and
unimpaired in at least one other meta-analysis. We plotted summary effect sizes from all the meta-analyses and quantified
disagreement by computing the observed and ideal distributions of the one-way y statistic. The actual 4 distributions were
noticeably more peaked and shifted to the left than the ideal distributions, indicating substantial disagreement among the
meta-analyses in how neuropsychological tests were categorized to domains. A better understanding of the profile of impair-
ments in CRCl is essential for developing effective remediation methods. To accomplish this goal, the research field needs to
promote better agreement on how to measure specific cognitive functions.

Cancer treatment is a major success story of modern medicine.
As cancer mortality rates decrease, the number of cancer survi-
vors has been steadily increasing and is projected to grow from
15.5 million to 20 million over the next decade in the United
States (1). Accordingly, concerns about the problems faced by
cancer survivors are growing. Among these concerns are cogni-
tive impairments, which have been linked to cancer treatments,
particularly chemotherapy, leading to colloquial descriptions
such as “chemobrain” or “chemofog.” Researchers, however,
have adopted the theory-neutral term cancer-related cognitive
impairment (CRCI).

A substantial body of research over the last two decades
indicates that CRCI is a real and persistent problem (2).
However, it is difficult to identify exactly what the problem is.
For example, patients’ subjective reports of cognitive problems
often do not correlate well with objective neuropsychological
tests (3-6); this problem is not unique to CRCI (see for example
[7,8]). Additionally, each investigator seems to have a different
definition of what counts as impairment, leading to widely
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differing estimates of the prevalence of CRCI (9). Furthermore, it
is not yet clear to what extent these cognitive impairments are
caused by cancer treatments, as opposed to the disease itself
and the multifaceted stress of becoming a “cancer patient”
(10,11).

Whatever the source of CRCI, what can be said about which
cognitive functions are impaired? Deficits have been reported
across a gamut of neuropsychological domains, including exec-
utive function, verbal working memory, visuospatial functions,
processing speed, reaction time, and attention (12,13). The prob-
lem is that there is little consistency across findings. Different
research groups have come to different conclusions about
which domains are impaired and which are spared. There are
two primary reasons for this confusion. First, researchers dis-
agree on which neuropsychological tests tap which cognitive
functions, making it difficult to compare results from different
studies (internal consistency). Second, the assignment of neuro-
psychological tests to cognitive domains in neuropsychology
does not always match up with the way cognitive psychologists
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assess and conceptualize cognition, making it difficult to inter-
pret findings and make connections across disciplines (external
consistency). In this paper, we address the internal consistency
issue, specifically with respect to meta-analyses.

Knowing which cognitive functions are likely to be impaired,
and which are not, is valuable for three main reasons.
Identifying which specific cognitive functions are impaired will
1) provide patients who are about to undergo cancer therapy
with accurate information on what side effects to expect from
their course of treatment, 2) allow researchers to develop better
countermeasures to improve patients’ functioning, and 3) help
us pin down the affected neural networks in the brain, which in
turn will help us understand the physiological pathways under-
lying CRCI. By providing quantitative summaries of the empiri-
cal literature, meta-analyses can give us a clearer picture of the
research findings on CRCI. However, differences in the classifi-
cation of neuropsychological tests across meta-analyses con-
tribute to the inconsistency of our picture of CRCI.

Summary of Meta-Analyses

Research on the cognitive sequelae of cancer treatments has
been conducted since the early 1970s (14,15). In the last four
decades, a plethora of conventional narrative reviews have
been published (eg, [16,17]). The first meta-analysis on the topic
was published by Anderson-Hanley et al. in 2003 (18). Meta-
analysis is a statistical technique for combining information
from multiple independent studies to achieve better estimates
of effect sizes. The purpose of meta-analysis is to supplement
narrative reviews of the scientific literature with a more sys-
tematic methodology. A meta-analysis involves extracting ef-
fect size estimates from each study, weighting them according
to their variance (ie, studies with lower variance, typically those
with larger sample sizes, are weighted more heavily than those
with higher variance), and then combining them to get a sum-
mary effect size, which is a more reliable estimate of the true ef-
fect than any individual study could provide. Instead of
reasoning by counting up studies on one side of an issue or the
other (eg, eight studies say X, whereas only two studies say not-
X, therefore X is probably true), one can report an effect size es-
timate and the accompanying confidence intervals (eg, the ef-
fect of X was 2.3, and the 95% confidence intervals did not
include zero). This ability to make precise, principled state-
ments about the state of the evidence should therefore bring
clarity to a scientific field.

We searched for meta-analyses in the Scopus database using
the search terms (“chemotherapy” and “meta-analysis” and
“cognitive” or “cognition”). We restricted the results to analyses
of objective neuropsychological testing in survivors of nonpedi-
atric, noncentral nervous system cancers. We decided not to in-
clude one paper because it was designed to measure the
sensitivity of the tests, rather than the nature of CRCI (19). This
search yielded seven papers (18,20-25) (Note that an eighth
meta-analysis [26] was published after the analyses herein were
conducted.) In addition, we unaccountably omitted a ninth
meta-analysis by Lindner et al. (27). All seven papers provide ev-
idence for cognitive deficits in cancer patients who have under-
gone chemotherapy, but disagree on which specific cognitive
functions are impaired.

In this paper, we will use the term function to refer to a theo-
retical cognitive ability that has psychological reality, whereas
the term domain will be used to refer to an artificial category or
label for a set of behavioral tests. Ideally, domains correspond
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Figure 1. Profile of cognitive deficits identified in the seven meta-analyses con-
sidered in this paper. For these purposes, domains are classified as simply
“impaired” or “not impaired” using conventional statistical significance. For
each domain, black bars indicate the count of meta-analyses that found the do-
main to be impaired, and gray bars provide context in terms of the count of
meta-analyses that did not find impairment. Some domains are reported more
than others. For papers that report different comparison types separately
(18,21,25), we show the cross-sectional data.

directly to functions. For example, Attention is a common do-
main name. Different measures that are typically included in
the domain of Attention might assess the function of sustained
attention or the function of selective attention, or they might
not relate to attentional function at all, but instead measure
short-term memory. Domain names vary from paper to paper.
For example, what Anderson-Hanley et al. (18), Falleti et al. (20),
Jim et al. (23), and Ono et al. (25) call Attention, Hodgson et al.
(24) call Orientation and Attention, Jansen et al. (21) call
Attention and Concentration, and Stewart et al. (22) call Simple
Attention. We have therefore constructed a table of domain
name synonyms (Supplementary Table 1, available online). To
continue the example, we use Attention to encompass
Attention, Simple Attention, Orientation and Attention, and
Attention and Concentration.

Figure 1 shows the profile of impairment observed across all
seven meta-analyses. For these purposes, an impairment was
defined as a negative effect size (ie, performance was worse af-
ter chemotherapy than at baseline or compared with controls)
for which the 95% confidence interval did not exceed zero. Most
of the meta-analyses agree that there are impairments in the
domains of Executive Function (five out of six find impair-
ments), Language (five out of seven find impairments), and
Memory (six out of seven find impairments for some type of
memory). More disagreement exists for Processing Speed (three
out of five find impairments) and Motor Function (three out of
six find impairments), whereas most find no evidence of deficits
in Attention (two out of five find impairments).

However, substantial disagreement exists. For every domain
reported by more than two meta-analyses, at least one meta-
analysis reports impairment, whereas at least one other meta-
analysis reports no impairment. In Figure 2, we examine this
disagreement in more detail by plotting the effect sizes reported
by each meta-analysis for each domain. The only clear patterns
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Figure 2. Effect sizes by domain for all seven meta-analyses plotted separately. Black circles denote means. Boxes denote 95% confidence intervals. Where different
designs (cross-sectional, longitudinal, or comparison to population norms) are reported separately (18,21,25), these are plotted separately; data from meta-analyses
that collapsed across designs are labeled “mixed.” Note that Falleti et al. (20) did not report confidence intervals.

that we can discern here are that effect sizes are generally nega-
tive (indicating impairment), and confidence intervals are gen-
erally smaller for later meta-analyses compared with earlier. As
an example of discrepancies in the literature, note that Jim et al.
(23) found the largest negative effect sizes for Visuospatial

Processing and Language, whereas Jansen et al. (21) found that
chemotherapy patients performed better than population
norms in these domains.

Each meta-analysis looks at the CRCI literature through a
slightly different lens because each has different inclusion
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Figure 3. Confusion matrix for domains in the meta-analyses. Each row and column represents a domain. The value in each cell indicates how often a test classified
into the row domain is classified into the column domain in other meta-analyses. A) shows the absolute number of tests, and in B) data are normalized by the total
number of tests in the row domain. For example, the upper-left corner indicates that tests classified into Working Memory by some meta-analysis authors are often

classified into Attention by other authors.

criteria and was compiled at a different time. Therefore, they in-
clude different, although overlapping, sets of studies. These dif-
ferences may explain some of the disagreement. For example,
Falleti et al. (20), Jim et al. (23), Ono et al. (25), and Stewart et al.
(22) restricted their analyses to breast cancer patients, whereas
Anderson-Hanley et al. (18), Hodgson et al. (24), and Jansen et al.
(21) included studies of patients with multiple different cancer
types. At least two meta-analyses (24,25) included data from
patients on active treatment, whereas others included data col-
lected more than a decade after treatment (23-25).

Different baselines may lead to different conclusions. Some
of the meta-analyses break out their results separately for
cross-sectional comparisons (ie, with matched control groups),
longitudinal comparisons (with the patients’ own pretreatment
baseline), or comparisons with population norms. Figure 2 illus-
trates how the choice of baselines can change the results. In
general, cross-sectional comparisons yield more evidence of im-
pairment than longitudinal comparisons, suggesting that CRCI
may be due in part to factors other than treatment. Some stud-
ies have shown cognitive impairments, relative to population
norms, in cancer patients prior to treatment (10,28,29). If
patients are already functioning below normal levels at base-
line, it may be difficult to detect any additional effects of cancer
therapy. The causes of this baseline impairment have not been
identified. Elevated stress levels due to a cancer diagnosis are
one plausible candidate (11). Biological pathways that act as risk
factors for cancer may also put patients at risk for accelerated
cognitive decline; examples include chronic inflammation, DNA
damage or impaired DNA repair functions, hormonal altera-
tions, and oxidative stress (30). The cross-sectional category
also masks differences in the choice of matched controls, for ex-
ample, healthy controls or cancer patients who underwent local
surgery rather than chemotherapy.

Here we argue that an important, previously overlooked fac-
tor is that each meta-analysis has an idiosyncratic definition of
the cognitive domains. First, the meta-analyses disagree as to
which domains are fundamental. If all meta-analyses measured
the same set of domains, the height of the stacked bars in
Figure 1 would be even, but they are not. Some domains are

measured more frequently than others. All the meta-analyses
report the domains of Attention, Visuospatial Processing, and
Language; six of the seven report Executive Function and Motor
Function; and five of the seven include Processing Speed.
Hodgson et al. (24) report data for two domains that are not
mentioned in the other six meta-analyses: Perception, and
Concept Formation and Reasoning. Finally, the meta-analyses
disagree substantially regarding the domain(s) of Memory.
Three meta-analyses (18,21,23) divide Memory into Verbal and
Visual Memory, whereas Ono et al. (25) and Stewart et al. (22)
chose to distinguish between Long-Term and Short-Term
Memory; Stewart et al. also add Working Memory to the Long-
Term and Short-Term Memory domains. The remaining two
meta-analyses (20,24) report only a generic Memory domain.
Even when meta-analyses agree on which domains to re-
port, they do not necessarily agree on which neuropsychological
tests measure these domains. For example, Anderson-Hanley
et al. (18) classify the Paced Auditory Serial Addition Test
(PASAT) as a measure of Executive Function, whereas Falleti
et al. (20) classify it as a measure of Attention. Complicating
matters is the fact that this disagreement occurs in the original
research papers as well. Figure 3 visualizes this disagreement.
Each row and column represents a domain, and the shading at
the intersection indicates how often a test is classified into both
domains in different meta-analyses. The left-hand panel plots
the absolute number of tests, and the right-hand panel normal-
izes these counts by the total number of tests in the row do-
main. For example, there are 10 tests that are classified as
Working Memory measures in some of the meta-analyses (eg,
Digit Span Backwards and Arithmetic). All these tests are classi-
fied as Attention measures in other meta-analyses. The abso-
lute number of these tests is not very large, so the upper-left
corner (mirrored in the lower-right corner) of panel A) is colored
light gray. However, the proportion is 1.0, so the upper-left cor-
ner of panel B) is black. The off-diagonal pattern in the upper-
right corner of the plots shows the cluster of Memory tests.
Tests that are classified in some meta-analyses as Short-Term
Memory will show up frequently either in the Verbal Memory or
generic Memory domains, and less often in the Visual Memory



domain. The cluster in the lower-left corner illustrates how the
same tests are classified as Attention, Memory, or Processing
Speed, depending on the meta-analysis. In addition, Working
Memory tests are sometimes classified into this cluster.

Quantifying Internal Consistency in the Meta-
Analyses

Given that there are multiple cognitive functions, not every
neuropsychological test taps the same faculty, and these func-
tions may be differentially affected in CRCI, it is important that
tests be consistently categorized in the proper domains. To il-
lustrate this point, assume that there are only two functions, X
and Y, each of which can be measured by two tests, x; and x,
and y; and y,, respectively. Now, let’s say that function X is im-
paired in chemotherapy patients, but function Y is not. If we
conduct a meta-analysis where we use Xy, X,, and y, to measure
X, we will reduce the evidence that X is impaired, because y, is
diluting the effect. Conversely, if we use x4, y;, and y, to mea-
sure Y, we might erroneously conclude that function Y is im-
paired. In both cases, our study may contradict another meta-
analysis that categorizes the two domains properly, or a third
study that used x, and x, to measure Y and y; and y, to measure
X. If we think about this problem with 5-8 domains and hun-
dreds of tests, we can see the potential for a lack of internal con-
sistency to hinder our ability to detect real cognitive
impairments that cancer survivors might be suffering from.

In this section, we attempt to quantify agreement among
the meta-analyses. All the tests reported in the seven meta-
analyses (18,20-25) were compiled into a matrix that counted
how many times each test was classified under each domain
(see Supplementary Table 2, available online). We identified
synonyms for tests (eg, “Booklet Category Test” and “Categories
Short Booklet”) and domains (see Supplementary Table 1, avail-
able online) wherever possible to minimize spurious disagree-
ment between meta-analyses. Note that the unit of analysis
here is the use of a given test in a meta-analysis. A single in-
stance of a test in a specific original research paper may show
up several times in our analysis if it was reported in multiple
meta-analyses. For example, there are 80 instances of version B
of the Trail Making Test (TMT-B) in the analysis, but this does
not mean that 80 original research papers used the TMT-B. Our
focus here is on characterizing the meta-analyses, not the un-
derlying set of original research papers.

Although there was a consensus for the majority of tests in
the database (93 of 159, 58.4%), 31 tests (19.5%) were classified
into two domains, 33 tests (20.8%) were classified into three
domains, and two tests (1.3%) (TMT-B and the PASAT) were clas-
sified into four domains. Although the TMT-B was primarily
classified under Executive Function (67 instances), it also
appeared under attention (nine instances), working memory
(three instances), and memory (one instance). Although the
PASAT was classified primarily as an Attention test (10 instan-
ces), it was also placed under Executive Function (two instan-
ces) as well as Working Memory (one instance) and Processing
Speed (one instance). Meta-analyses agree more on the TMT-B
than the PASAT. The TMT-B is classified as an Executive
Function test 83.8% of the time, whereas the PASAT is classified
as Attention 71.4% of the time. However, the greater sample
size for the TMT-B (80 vs 14) makes the comparison with the
PASAT difficult. The test generating the most disagreement
might be the Digit Symbol test. It shows up in only three
domains, whereas the TMT-B and PASAT show up in four.
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However, as noted, the TMT-B is mostly used to measure
Executive Function, and only rarely classified into the other
three domains; the same goes for the PASAT and Attention. The
Digit Symbol test, in contrast, is classified more evenly across
domains (43.1% Processing Speed, 32.3% Attention, and 24.6%
Executive Function).

To account for the number of times a test shows up in the
database, the number of different domains it is classified into,
and the degree to which classifications cluster into one domain
or are more evenly distributed, we employed the ;? statistic.
The distribution of counts for each test can then be summarized
with a one-way ; statistic, indicating the degree of unevenness
in the count distribution. A test always classified under the
same domain would have a high ;? value, whereas a test that
was randomly classified would have a low y? value. However,
given the same underlying distribution, a test that is reported
more often (eg, TMT-B) will also have a higher 4 value than one
that is reported rarely (eg, the PASAT). Therefore, for each test,
we also computed its ideal y? statistic: the value that would
have been generated if the test were always classified into a sin-
gle domain. This gives us two distributions of »? statistics: the
ideal and the actual. The less disagreement there is among
meta-analyses, the closer the actual distribution will be to the
ideal.

The top row of Figure 4 plots the histograms for the two dis-
tributions. The actual distribution (in black) is noticeably more
peaked and shifted to the left (low values) relative to the ideal
distribution (blue). This illustrates that there is often substantial
disagreement between meta-analysis authors on how to clas-
sify individual tests, which at least partially explains the vari-
ability illustrated in Figures 1 and 2. This disagreement is not
just a product of the meta-analyses. If we look at how the
authors of the original research papers classify tests, we see a
similar lack of agreement, as shown in the bottom row of
Figure 4.

Discussion

As we noted earlier, meta-analysis should help bring clarity to a
scientific field by replacing somewhat subjective qualitative
summaries with quantitative rigor. As Figures 1 and 2 illustrate,
however, meta-analyses of CRCI do not show consistent find-
ings. What domains are impaired in CRCI? Motor Control?
Processing Speed? Attention? Short-Term Memory? Long-Term
Memory? The answer varies depending on which meta-analysis
is consulted. Although this may be due in part to different study
selection criteria, we suggest that disagreement among authors
on how the various domains should be measured (as well as
what the basic cognitive domains are) is a major barrier to un-
derstanding CRCI. This disagreement is quantified in Figure 4.
The lack of internal consistency in the field makes it difficult to
compare across studies and reduces the utility of meta-
analysis.

One solution would be to establish common guidelines on
how to classify neuropsychological tests for the purposes of
meta-analysis. For example, the International Cognition and
Cancer Task Force released recommendations for common neu-
ropsychological measures, study design, and analysis proce-
dures for primary studies (12). As part of a broader movement
toward improved statistical sophistication and data reporting
requirements for original studies (31) and best practices for con-
ducting and reporting meta-analyses (32,33), a task force could
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Figure 4. Agreement among authors on how to assign tests to domains, as measured by the ;2 statistic. The ideal ;? statistic is the value that would be observed if there
were complete consensus on every test. The less consensus there is, the lower the 4 statistic. The ideal ;* varies from test to test depending on the number of observa-
tions; more frequently used tests naturally produce greater 5 values than less frequently used tests. A) and B) plot agreement among meta-analyses, and C) and D)
plot agreement among original research papers. A) and C) show histograms of the ideal (light gray) and actual (dark gray) * statistics. The actual distributions are peak-
ier and left-shifted relative to the ideal, indicating a lack of agreement among authors. B) and D) are scatterplots of actual ? values plotted against the ideal. Symbol
size reflects the number of instances of a given test in the database. If there were complete consensus, all symbols would fall on the diagonal line of equality. The fur-
ther a symbol lies below this line, the more disagreement there is about which domain to place it in. More frequently used tests tend to be inconsistently classified.

be convened to recommend standard guidelines for assigning
tests to domains.

We suggest that these guidelines should be informed by the
way that cognitive domains are conceptualized in the experi-
mental fields of cognitive psychology and neuroscience (34).
Consider span tests, such as Digit Span Forwards, widely used
in neuropsychological batteries such as the Wechsler Adult
Intelligence Scale and Wechsler Memory Scale series. In our
dataset, Digit Span Forwards was the second most frequently
used Attention test. Furthermore, researchers universally
agreed that it should be classified under Attention. Yet from a
theoretical point of view, Digit Span Forwards has nothing to do
with attention beyond the minimal sustained attention neces-
sary to sit through the task. A number of authors in the neuro-
psychological literature have made the point that working
memory tasks such as Digit Span Forwards are neither theoreti-
cally nor empirically related to attention (35-37); even the

standard four-factor model of the WAIS IV places Digit Span in
a working memory factor (38). Improperly classifying Digit Span
Forwards and other working memory tests under Attention is
another barrier to gaining a concrete understanding of the chal-
lenges faced by CRCI patients.

To understand, predict, and treat CRCI, we need to be able to
measure the profile of cognitive impairments that make up this
syndrome. From the substantial research literature on CRCI, we
should be able to state clearly which cognitive domains are
most affected and which are spared. Unfortunately, there is still
substantial disagreement among researchers. In this paper, we
have demonstrated that this disagreement stems in part from a
lack of internal consistency. Neither empirical researchers nor
the authors of meta-analyses agree on which cognitive domains
should be measured, nor which tests measure which domains.
Although CRCI research faces many important scientific chal-
lenges without clear solutions, this is one problem that can be



solved by better communication among scientists. This issue is
not particular to CRCI; both internal and external consistency
are general challenges for neuropsychological research (37). A
set of agreed on standards for assigning existing neuropsycho-
logical tests to domains would improve the ability to interpret
existing findings, facilitate comparison across meta-analyses,
and accelerate the drive to understand and ameliorate CRCIL
Furthermore, such a process could become a model for improv-
ing the use and interpretation of neuropsychological tests in
general, much as the CNTRICS program (39,40) serves as a
model for improving the development and selection of tests for
specific disorders.
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