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Halfway through her chemotherapy treatment following a
breast cancer diagnosis, Susan (not her real name) began to feel as though a blanket of fog had rolled
over her brain. A highly successful professional in her 50s, she suddenly had trouble remembering the
day of the month or even her own phone number.

“Everything took longer to accomplish, whether it was getting dressed in the morning or cooking
dinner,” she explains. “Just following a recipe wore me out if there were too many steps. I had major
issues as well with directions and my own sense of space. I got disoriented easily, even while driving in
my own neighborhood, and I got lost in a mall that I had shopped at for years.”

The experience so unnerved Susan that she became convinced she had Alzheimer’s disease. Her
oncologist discounted her concerns, attributing them to stress. But she knew her symptoms were more
than stress-related.

This breast cancer survivor’s story is not all that uncommon. Between 20% and 61% of breast cancer
patients who receive standard-dose chemotherapy experience some degree of cognitive dysfunction.

For many cancer patients, the experience of “chemobrain,” the diffuse mental cloudiness presumed to be
caused by the neurotoxic effects of chemotherapy, can profoundly affect cognitive, social, and
occupational functioning; sense of self; and quality of life. Although the scientific and medical
communities recognized the toxicity of chemotherapeutic agents nearly 40 years ago, it was only in the
early 1990s that they began to appreciate the impact of chemobrain.

http://www.psychologicalscience.org/?p=94975


Stephanie Reid-Arndt, a neuropsychologist and chair of the Department of Health Psychology at the
University of Missouri–Columbia, works with patients who have experienced cognitive changes during
and following cancer treatment. She says patient complaints tend to center around short-term memory
problems and difficulty recalling words. These issues are particularly distressing for patients who have
not been informed about the potential cognitive side effects of cancer treatment and are alarmed by these
changes.

“We definitely need to do a better job educating patients,” says Reid-Arndt. “Individuals who
understand that what they’re experiencing is a known side-effect generally function well. They are able
to adjust their expectations of themselves, which helps to reduce their stress.”

Unfortunately, there is neither an official diagnosis of chemobrain nor a usual course of symptoms.
Moreover, only a subset of patients exposed to chemotherapy report cognitive difficulties, leading some
researchers to speculate that certain genetic or constitutional factors, as well as certain chemotherapeutic
regimens, may predispose particular individuals to cognitive dysfunction.

Symptoms

Patients may experience cognitive changes at any point during or following chemotherapy, and these
changes may be short-lived, persist indefinitely, or have a delayed onset. Deficits can range from subtle
to profound, but even slight changes can have a significant impact on everyday functioning. Most
commonly affected are working memory, attention and concentration, information processing speed,
reaction time, visuospatial ability, and executive function. Patients can be particularly distressed when
their ability to organize and plan multistep tasks is impaired; these problems can slow or prohibit their
return to work or to normal social activities.

Patients also report distress when their physicians minimize their reported symptoms, often by
attributing them to depression or anxiety (which the patient may or may not have), or assuring patients
that changes will resolve upon completion of treatment.

Psychological scientists can contribute to understanding of the chemobrain phenomenon by

explaining the underlying biological mechanisms;
establishing the neural connections to the cognitive changes;
identifying risk factors for cognitive vulnerability;
developing new approaches to objective and subjective neuropsychological assessment; and
developing or translating existing prevention and treatment strategies.

Detection Challenges

Using neuropsychological tests to objectively document chemotherapy-related cognitive deficits has
proven difficult due to variations in study design, methodology and measurement, and definitions of
cognitive impairment. Part of the problem with documenting patients’ subjective complaints is that
many neuropsychological assessment instruments were designed to detect significantly impaired
performance — such as one would see in cases of stroke or dementia — rather than subtle changes in



cognition. Since the deficits exhibited by chemotherapy patients tend to be mild to moderate, individuals
may test in the low average or average range. But for someone whose functioning prior to treatment was
in the high average or superior range, testing in the low average range would represent a substantial loss.
Having more sensitive neuropsychological measures, particularly more fine-tuned measures of executive
functions, would help researchers and clinicians more precisely document the extent of cognitive
decline, design targeted treatments, and assess the effectiveness of cognitive rehabilitation interventions.

Structured clinical neuropsychological testing is conducive to obtaining a person’s “best” performance
in a clinical setting, but that may bear little resemblance to his or her ability to perform similar tasks in
the real world. To enhance assessment of cognitive decline in chemotherapy patients, we can borrow
assessment tools developed for other disorders. For example, the Rivermead Behavioural Memory Test
and the Test of Everyday Attention assess and monitor changes in memory and attention for people with
acquired brain injury. The Party Planning Task was developed to assess executive dysfunction in
adolescents with traumatic brain injury, and the Test of Grocery Shopping Skills was developed to test
executive function in persons with schizophrenia. Such ecologically valid tests could be developed to
reflect the everyday demands faced by chemotherapy patients and supplement standard
neuropsychological test batteries.

Listening to the Patient

Another assessment challenge centers on self-reports, which don’t always correspond with objective
neuropsychological findings. Some researchers have suggested that self-reports and neuropsychological
test findings gauge different constructs, or that certain neuropsychological measures may not be
sensitive enough to detect subtle cognitive deficits. But patients’ perceptions of their cognitive functions
are important; several studies show that self-reports of cognitive deficits appear to presage structural or
functional changes in the brain. For example, Robert J. Ferguson, a clinical health psychologist at
Eastern Maine Medical Center, and colleagues described the case of monozygotic twins, one of whom
received breast cancer chemotherapy. The twins had comparable neuropsychological test performance.
But the twin who received chemotherapy had considerably more cognitive complaints — and
demonstrated changes in brain activity on functional Magnetic Resonance Imaging (fMRI), suggestive
of a compensatory process.

Such studies not only highlight the value of self-reports of cognitive function, but also demonstrate the
need to develop and validate more sensitive self-report measures that could supplement information
provided by neuroimaging and electrophysiological measures. Multimethod assessment might help
identify those individuals most vulnerable to the cognitive effects of chemotherapy.

One of the more challenging aspects of neuropsychological assessment involves distinguishing cognitive
changes attributable to chemotherapy from affective and biological factors, such as depression, anxiety,
fatigue, pain, disrupted sleep and circadian rhythms, and the effects of normal aging. Although affective
disorders do not appear to correlate with neuropsychological measures, they are associated with
subjective reports of cognitive function. Nutritional deficiencies, metabolic changes (e.g., chemotherapy-
induced menopause), anemia, fluid and electrolyte imbalance (e.g., dehydration), and medications (e.g.,
steroids) can also cause or exacerbate cognitive difficulties.

How do these factors interact with chemotherapy to increase cognitive vulnerability? This question



presents researchers with an opportunity to explore how cognition is affected by a wide range of
affective, nutritional, metabolic, and pharmacologic factors as they occur in the real world.

Advances in neuroimaging have allowed researchers to begin to document the neuroanatomical
correlates of chemotherapy-linked cognitive deficits. A variety of neuroimaging techniques — including
MRI, fMRI, diffusion tensor imaging (DTI), proton magnetic resonance spectroscopy, positron emission
tomography (PET), and single photon emission computed tomography — have been used to assess brain
structure and function before, during, and following chemotherapy. For example, clinical researchers
have documented structural and functional changes in the brains of breast cancer patients who received
standard-dose or high-dose chemotherapy. Reductions in white matter integrity and gray matter volume,
along with impaired performance on neuropsychological tests, have been observed in high-dose
chemotherapy recipients nearly a decade after treatment, as well as in breast cancer patients who
received standard-dose chemotherapy. However, understanding the meaning of these changes will
require using newer imaging techniques (such as DTI) or identifying biomarkers to determine whether
brain alterations represent dehydration, edema, or neural degeneration, all of which have implications for
cognitive recovery. Using fMRI to study brain activation or PET to study cerebral blood flow and
metabolism while patients perform cognitive tasks could help identify specific brain regions affected by
chemotherapy and shed light on the cognitive processes underlying poor neuropsychological test
performance.

Researchers have only begun to explore how neuroimaging could be used to monitor neurotoxicity. For
example, researchers led by Daniel H. S. Silverman at University of California, Los Angeles, proposed
the use of PET scans to assess how patients respond to neurotoxic chemotherapy, much as cardiac
studies are used to monitor cardiac function in patients receiving cardiotoxic chemotherapy.

Despite many challenges, scientists have accumulated sufficient evidence to spawn a small body of
research on rehabilitation. Cognitive rehabilitation strategies typically focus on skills training, cognitive
behavioral techniques, compensatory strategies, or a combination of these approaches. For example, a
recent randomized clinical trial at Indiana University employed a cognitive skills training approach to
improve memory and speed of processing in breast cancer survivors. Subjects were randomly assigned
to a memory training intervention, speed-of-processing intervention, or wait-list. At the 2-month follow-
up, both intervention groups demonstrated improved memory, speed of processing, perceived cognitive
function, and quality of life compared to wait-list controls.

A somewhat different approach is being taken by Eastern Maine Medical Center’s Ferguson and
colleagues, who are developing a cognitive-behavioral intervention, Memory and Attention Adaptation
Training (MAAT), to help patients better manage cognitive failure in everyday tasks. Unlike cognitive
rehabilitation interventions that focus on memory improvement, MAAT teaches self-management and
coping skills to enable patients to deal with everyday cognitive deficits. The intervention includes
educating patients about the effects of chemotherapy on memory and attention, and training in self-
awareness, self-regulation, and compensatory strategies.

Symptoms of chemotherapy-related cognitive impairment may overlap with those seen in attention
deficit hyperactivity disorder (ADHD), traumatic brain injury, stroke-related injuries, and degenerative
processes associated with mild cognitive impairment or dementia. This overlap provides an opportunity
to leverage rehabilitation strategies from complementary fields to advance cancer cognitive



rehabilitation. For example, many symptoms related to chemotherapy overlap with the mild cognitive
impairment characteristic of predementia. Neuropsychologist Melanie Chandler Greenaway and
colleagues developed the Memory Support System (MSS), which consists of training patients to use a
memory notebook. The MSS was developed to help patients with amnestic mild cognitive impairment
compensate for and adapt to memory loss. In a small, randomized trial, the MSS intervention produced
improvements in daily activities and in memory. Similarly, patients exposed to chemotherapy commonly
complain about executive dysfunction, which is also a central symptom of ADHD. Researchers could
study the use of organizational skills training designed for children and adults with ADHD to help
patients struggling with chemobrain.

To date, research on the cognitive effects of chemotherapy has tended to be the province of clinical
neuropsychologists and clinical psychologists working with oncologists. This research domain needs a
broader range of psychological scientists to bring their expertise to the table. The challenges are
significant, but the rewards to science and to public health are likely to be substantial. œ
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