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Abstract 

Cancer affects a large number of people.  According to the Canadian Cancer Society 

(2016), the prevalence of cancer is 2.4% or approximately 1 out of every 42 Canadians.  

Chemotherapy is a common component of cancer treatment protocols; however, there are 

varying reports of cognitive dysfunction following administration.  A proposed 

mechanism of dysfunction is that chemotherapy expedites the presentation of outcomes 

associated with the normal aging process, particularly frontal lobe functions (e.g., verbal 

fluency, planning, and inhibition).  As frontal lobe functions have been shown to be more 

vulnerable to aging than other cognitive processes, these functions were the focus of the 

present review.  The purpose of the present study was to amalgamate the existing 

literature to determine if frontal lobe functions are adversely affected by chemotherapy 

administration.  A Cochrane Review-style meta-analysis was conducted, which included 

19 studies that examined frontal lobe function objectively in individuals with cancer who 

received chemotherapy.  Generally, effect sizes were small with a pattern of results 

emerging in which groups treated with chemotherapy performed worse than control 

groups in between-subjects designs; however, within-subjects designs showed 

improvement following chemotherapy.  Specifically, the chemotherapy groups performed 

worse than cancer control groups on short-term and working memory, and worse than 

healthy control groups on short-term memory, working memory, attention, and verbal 

fluency.  Within-subject designs showed improvement on measures of inhibition, 

working memory, attention, and processing speed post-chemotherapy in comparison to 

pre-chemotherapy scores.  There was some evidence that the chemotherapy group had 

higher depression scores in comparison to the healthy control group.  Worse anxiety prior 
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to chemotherapy was present in within-subjects designs, but this effect did not reach 

statistical significance.  The risk of bias assessment revealed a need for more structured 

recruitment, better descriptions of published data (e.g., z-score, standard score mean), and 

considerations for practice effects.  Given the weaknesses identified through the risk of 

bias assessment and the fact that the studies in the meta-analysis were non-randomized, 

an overall rating of very low quality was assigned to each cognitive domain associated 

with the frontal lobes.  Therefore, the confidence and generalizability of the results 

should be viewed with some caution.  More research is needed to quantify the effects of 

chemotherapy on cognitive function, with the goal of improving quality of life following 

cancer treatment.  
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1. Introduction 

     Cancer is a disease affecting a large number of people on a global scale (Parkin, 2001; 

Parkin, Bray, Ferlay, & Pisani, 2001).  Treatment of the disease often involves one or a 

combination of the following treatments: chemotherapy, surgery, and hormonal, 

biological, and radiation therapy.  Many individuals complain of cognitive difficulties 

following treatment with chemotherapy, with some discrepancy between subjective 

complaints and objective neuropsychological findings.  Although the pathway of damage 

due to chemotherapeutic treatment is not well understood, proponents of the aging 

hypothesis suggest that chemotherapy may produce declines similar to those seen in 

normal aging, but at an accelerated pace, with the frontal lobes being affected most 

(Ahles, 2012).  The present study sought to determine whether or not chemotherapy is 

associated with frontal lobe dysfunction; to do this, a Cochrane Review-style meta-

analysis was conducted, which included 19 studies that administered neuropsychological 

tests of frontal lobe functions to individuals treated with chemotherapy.  Subjective 

cognitive difficulties and psychological factors (e.g., depression and anxiety) that may 

have influenced performance on the measures of frontal lobe function were also 

examined, when available.     

2. Epidemiology 

     The term cancer encompasses more than 100 disease processes.  Cancer affects a large 

number of people on a global scale and is one of the leading causes of death in Western 

countries (Parkin, 2001; Parkin, Bray, Ferlay, & Pisani, 2001).  It is estimated that about 

one-third of individuals in Western countries will develop cancer in their lifetimes 

(Kumar & Clark, 2012).  According to the Canadian Cancer Society (2016), the incidence 
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of cancer is increasing; it was estimated that 202,400 new cases of cancer would occur in 

2016, compared to 177,800 new cases of cancer reported in 2011, and 125,400 new cases 

of cancer reported in 1995.  While increased surveillance or error in estimation may 

account for some of the increase in cancer diagnoses, Parkin (2001) reported that a real 

etiological increase has occurred.  It is estimated that the absolute number of cancer cases 

will continue to rise as the generation born following World War II enters the age range 

with the highest cancer mortality rates, 55 to 75 years (Stricker & Kumar, 2007).      

3. Cancer Process 

     Neoplasms (tumours) are abnormal masses of tissue that grow uncontrollably and are 

unresponsive to regulatory influences that govern normal cell growth (Stricker & Kumar, 

2007).  Neoplasms can develop on almost any organ, and can injure healthy tissue, block 

pathways (e.g., nerves, blood vessels, ducts), and interfere with normal function by 

becoming undifferentiated (having no special function) or abnormally differentiated 

(Stricker & Kumar, 2007).  For example, neoplasms can invade healthy lung tissue and 

compromise the transfer of oxygen (Kaplan et al., 2011).  Malignant, cancerous 

neoplasms may spread to other parts of the body by travelling through the blood and 

lymphatic systems (Aplin, Howe, Alahari, & Juliano, 1998; Kaplan et al., 2011).  This 

spreading of cancer cells is called metastasis and most commonly affects the brain, lymph 

nodes, bone, liver, and lungs (Stricker & Kumar, 2007).  

     Cancer cells proliferate by modifying the normal process of the cell cycle.  Most 

healthy cells multiply through a regulated process called mitosis, in which a single cell 

creates two identical copies of itself (Kumar & Clark, 2012).  After a defined number of 

divisions, the cell undergoes apoptosis (programmed cell death) to regulate the 
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proliferation of cells.  In cancerous cells, mutations tend to occur that negatively affect 

the normal cell cycle and immortalize the cells.  For example, cancer cells have been 

shown to activate telomerase, an enzyme that prevents the loss of DNA from 

chromosome ends during replication such that apoptosis does not occur as part of the cell 

cycle (Aplin et al., 1998).  Thus, a failure of the normal apoptosis mechanism may lead to 

proliferation of cells, often at the expense of differentiation, leading to tumour formation 

(Kumar & Clark, 2012).   

4. Risk Factors for Developing Cancer 

     There are numerous risk factors for developing cancer.  However, the cause of cancer 

is often unknown and tends to be multifactorial (e.g., environmental, genetic; Kumar & 

Clark, 2012; Parkin, 2001).  Several environmental factors may influence cancer rates 

(Bondy & Chang, 2006).  Geographic area and culture specific diets are associated with 

specific patterns of cancer (Hsing, Tsao, & Devesa, 2000).  The consumption of drugs, 

such as tobacco and alcohol, are also risk factors for developing cancer, as are 

environmental toxins such as chemicals, including asbestos, combustion fossil fuels, 

polycyclic hydrocarbons, and benzene (Kumar & Clark, 2012).  Viruses, such as human 

papilloma virus and Epstein-Barr virus, and bacteria, such as Helicobacteria pylori H, 

have also been linked to the development of cancer (Kaplan et al., 2011; Parkin, 2001; 

Parsonnet, 1999).  

     In addition to external risk factors, a genetic predisposition to the development of 

cancer can be inherited or acquired over the course of the person’s life.  For example, the 

presence of certain genes, such as Multiple Endocrine Neoplasia 1 and 2, are associated 
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with cancer development. Alterations in DNA sequence, inherited or acquired, may also 

promote cancer growth (Stricker & Kumar, 2007). 

5. Cancer Treatment 

     Treatment of cancer is complex, differing depending on the type and location of the 

cancer, and potentially involving the administration of one or more of the following 

treatments: surgery, hormonal therapy, biological therapy, radiation, and/or 

chemotherapy (Doll & Peto, 1991).  In rare cases, cancer may be treated with a single 

therapy, but most often it requires combined modality therapy (DeVita & Chu, 2008).  

For example, surgery may be needed to excise a solid tumour and chemotherapy may be 

needed as a secondary treatment to reduce the risk of cancer reoccurrence.  

5.1 The Goal of Treatment for Cancer  

     Depending on the individual’s prognosis, the goal of treatment may be to eradicate 

cancer, manage cancer and prolong life, or address symptoms in those terminally ill 

(Canadian Cancer Society, 2016; DeVita & Chu, 2008).  When curing the cancer is not a 

viable option, chemotherapy may also be used with the goal of prolonging or improving 

the quality of life by slowing tumour growth and metastasis (DeVita & Chu, 2008). 

5.2 Surgery 

Typically, the first line of treatment of solid tumours is surgery (DeVita & Chu, 

2008).  The objectives of surgery can be diagnostic, curative, reconstructive, 

prophylactic, or palliative (DeVita & Chu, 2008; Reed, Audisio, & Wyld, 2009).  Surgery 

for the purpose of diagnosis can include biopsies and laparoscopies to gain as much 

information as possible in the diagnosis and staging of cancer (Reed et al., 2009).  The 

primary objective of curative surgery is to remove the tumor, thereby gaining local 



 

 

5 

control of the lesion and minimizing recurrence (Sabel, Diehl, & Chang, 2006).  In 

reconstructive surgery for breast cancer, large skin cancers, and some cancers of the head 

and neck, the purpose is to improve function or, if cosmetic, to improve body image 

(Reed et al., 2009).  The primary aim of palliative surgery is to provide relief of 

symptoms caused by cancer: ulceration, bleeding, infection, pain, and obstruction.  

Surgery for palliative purposes is conducted only when maintenance or improvement of 

quality of life would be expected (Reed et al., 2009).  Regardless of the purpose of 

surgery, its primary effects are localized, as opposed to the systemic effects seen with 

chemotherapy (Ibrahim et al., 2016).  

5.3 Radiation Therapy 

     In addition to surgery, radiation therapy has an important role in the treatment and 

management of many types of cancer, either as the sole agent or as part of a multimodal 

treatment plan (Schreiber, Meyers, Calhoun, & Talavera, 2011).  Radiation can be 

administered locally, targeting a specific area, or can be administered systemically to the 

entire body (e.g., prior to haematopoietic stem cell transplantation; Kinsella et al., 2006; 

Schreiber et al., 2011).  Conventional therapy uses ionizing radiation, including x-rays, 

gamma rays, or electron beams, to damage DNA of both cancer and healthy cells by 

interfering with the cell reproduction cycle, causing apoptosis (Kinsella, Sohn, & 

Wessels, 2006).  Radiation exercises its effect through double-stranded breaks in DNA 

and the generation of free radicals that damage proteins and membranes (Kinsella et al., 

2006; Schreiber et al., 2011).  Side-effects may be transient and acute, such as poor 

appetite and weight loss, or chronic and more permanent, such as damaged 

microvasculature and stem cell depletion (Schreiber et al., 2011).  
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     In addition to physical side-effects, individuals often report cognitive complaints 

following radiation.  Noad, Narayanan, Howlett, Lincoln, and Page (2004) compared 

individuals being treated for pituitary tumours with surgery or with surgery and radiation.  

Individuals receiving radiation and surgery tended to have worse cognitive outcomes than 

individuals treated with surgery alone.  In contrast, van Nieuwenhuizen et al. (2007) 

found no differences between individuals with meningiomas treated with surgery alone 

versus those treated with surgery and radiotherapy.  With these studies, it is important to 

note that understanding the source of the cognitive symptoms is particularly challenging, 

as the individuals had tumors within the Central Nervous System (CNS).  Because of 

CNS tumour involvement, it is difficult to determine the extent to which pre-treatment 

damage, deficits arising from the tumour itself, or treatment related factors contributed to 

the cognitive symptoms.   

     To evaluate the role of radiation therapy in non-CNS cancers, Tang, Luo, Rong, Shi, 

and Peng (2012) compared the cognitive function of individuals with nasopharyngeal 

carcinoma who were not treated with radiation therapy to individuals treated with 

radiation therapy alone or radiation therapy in conjunction with chemotherapy.  Although 

the risk associated with having received chemotherapy was not specifically evaluated in 

the study, individuals who received radiation therapy (in the groups both with and 

without chemotherapy) reported more depression, anxiety, worse quality of life, and 

greater cognitive dysfunction than the group without radiation therapy (Tang et al., 2012). 

5.4 Hormone/Endocrine Therapy   

     Hormone therapy is a systemic type of treatment for cancer that influences the 

endocrine system.  In certain types of cancer, hormones stimulate tumor growth; as such, 
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specialized drugs are used to decrease hormone activity (Kumar & Clark, 2012).  

Endocrine therapy may be curative for micrometastatic disease or may be a minimally 

toxic palliative treatment for advanced or metastatic disease (Stephen, Johnston, & 

Swanton, 2006).  The following drugs decrease androgen activity: goserelin, leuprorelin, 

flutamide, and abiraterone.  Tamoxifen and fulvestrant are given to modulate estrogens.  

For example, tamoxifen, a commonly prescribed hormonal regulatory medication, is a 

mixed estrogen agonist/antagonist that prevents the binding of estrogen in certain 

estrogen receptor positive cells, including some breast cancer cells (Martin & McFerran, 

2014).  Tamoxifen functions to block the growth and proliferation of malignant and 

precancerous cells (Bender et al., 2007; Paraska & Bender, 2003; Vearncombe & 

Pachana, 2009).  Given that estrogen is known to have beneficial effects on brain 

metabolism and cognitive function, Tamoxifen and other hormonal regulatory drugs are 

thought to impair cognitive functioning by binding to estrogen receptors and modulating 

the effects of estrogen, or chemically inducing menopause (Sporn & Lippman, 2003).   

     Side-effects of hormone therapy vary and depend on the class (androgen or estrogen 

agonist/antagonist) and dose of medication, and may include musculoskeletal discomfort, 

hot flashes, weight gain, gastrointestinal problems, eye problems, hair thinning, 

headaches, and tiredness (Health Reference Center Academic, 2005; McGurk, 

Fallowfield, & Winters, 2006).   

5.5 Chemotherapy 

     Surgery, radiation, or hormone therapy may not be viable options for some cancers, or 

multimodality treatment may be warranted, and so chemotherapy is employed.  

Chemotherapy is a systemic treatment that involves administering a chemical agent into 
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the body that works by damaging cellular deoxyribonucleic acid (DNA) and ribonucleic 

acid (RNA), which in turn promotes apoptosis of rapidly dividing cells, including those 

that comprise tumours (Kumar & Clark, 2012).  Chemotherapy is administered to slow or 

stop the growth of cancer cells and treat cancer cells that may have spread to other parts 

of the body (Longe & Gale, 2006).   

     The role of chemotherapy in treating cancer is complex as it can be primary, 

neoadjuvant, or adjuvant.  Primary chemotherapy is used for advanced cancers where 

there are no other effective treatments, for systemic cancers (cancers that are spread 

throughout the body), and/or chemosensitive cancers (abnormal cells whose replication 

cycle is easily disrupted by chemotherapy; DeVita & Chu, 2008; Grace & Adjei, 2009; 

Kumar & Clark, 2012).  Neoadjuvant therapy (treatment administered secondary to the 

primary method) is administered before the primary lesion is surgically removed and is 

intended to shrink the tumour, thereby increasing the potential success of surgical 

removal while also treating any extant micrometastases.  Neoadjuvant therapy tends to be 

reserved for locally advanced cancer (DeVita & Chu, 2008; Grace & Adjei, 2009; Kumar 

& Clark, 2012).  Adjuvant chemotherapy is administered following the local treatment of 

a tumour by radiotherapy and/or surgery to reduce the presence of microscopic disease, 

the risk of metastasis, and the reoccurrence of the cancer (Kumar & Clark, 2012; Grace & 

Adjei, 2009; Longe & Gale, 2006).  In all instances, chemotherapy circulates throughout 

the body, diffusely affecting both healthy and cancerous cells.  

     5.5.1 Classification of chemotherapy drugs.  There are many types of chemotherapy 

drugs that have different mechanisms designed to interfere with cell replication.  One 

class of drugs is considered cell-cycle nonspecific, and includes alkylating agents and 
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most anti-tumour antibiotics.  These drugs tend to kill cells in both the resting and cycling 

phases of the cell life cycle (Grace & Adjei, 2009).  The second class of medication, cell-

cycle specific drugs, tend to target a specific phase of the cell life cycle.  Cell-cycle 

specific drugs include antimetabolites, anti-tubulin agents, and topoisomerase targeting 

drugs (Grace & Adjei, 2009).  Cell cycle specific drugs tend to be most effective on high 

growth tumours whereas cell cycle non-specific drugs are effective for both high and low 

growth cancers (Canadian Cancer Society, 2016).  Often, these drugs are given 

concurrently as part of a treatment regimen to maximize treatment benefit.       

     Chemotherapy drugs can be further categorized depending on the specific method of 

cell cycle interference (Grace & Adjei, 2009).  This method of classification places drugs 

into four categories: DNA damaging, antimetabolites, DNA repair inhibitors, and 

antitubulin agents (Kumar & Clark, 2012).  These drugs function to damage DNA, inhibit 

its repair, and interfere with the integrity of the cell structure.  Specifically, DNA 

damaging drugs tend to be alkylating agents that interfere with DNA synthesis leading to 

strand breaks (Kumar & Clark, 2012).  Drugs in this class are melphalan, chlorambucil, 

cyclophosphamide, ifosfamide, nitrosourea, carmustine, lomustine, busulfan, tetrazine, 

and dacarbazine (Kumar & Clark, 2012; Longe & Gale, 2006).  There are also a few non-

classical alkylating agents that are considered DNA damaging medications: cisplatin, 

carboplatin, and oxaliplatin.  Antimetabolites interfere with the actions of naturally 

occurring metabolites required for the synthesis of DNA (Henry & Mader, 2004).  

Methotrexate, 5-fluorouracil, 6-mercaptopurine, and 6-tioguanine are antimetabolites 

(Kumar & Clark, 2012).  DNA repair inhibitors are divided into epipodophyllotoxins and 

cytotoxic antibiotics, which inhibit topoisomerase and topoisomerase II and function to 
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inhibit DNA repair and maintain DNA strand breaks.  Drugs in this category include 

etoposide and anthracyclines (Kumar & Clark, 2012).  Lastly, antitubulin agents inhibit 

microtubule formation, compromising the cytoskeleton and physical integrity of the cell.  

Drugs in this category include Vinca alkaloids and Taxanes (Kumar & Clark, 2012).   

     5.5.1.1 Biological therapy.  A subtype of chemotherapeutic agents are biological 

therapies, which target an aspect of cellular or DNA function (Kumar & Clark, 2012).  

There are several classes of biological therapy drugs: interferons, interleukins, 

immunotherapy, and gene therapy.  Interferons and interleukins mediate the cellular 

immune response, resulting in an anticancer effect (Kumar & Clark, 2012).  

Immunotherapy can involve a preventative vaccination against the proliferation of cancer 

cells or it can involve mobilizing the body’s immune response to target and destroy 

cancer cells (Kumar & Clark, 2012).  In addition to immunotherapy, viral particles or 

altered genes may be introduced to cancer cells causing apoptosis, altering cell division, 

or changing the vulnerability of the cancer cell to chemotherapy (Cross & Burmester, 

2006; Stratton, 2011). 

     5.5.2 Administration of chemotherapy drugs.  A cocktail of chemotherapy drugs is 

typically administered, as single chemotherapeutic agents are rarely effective in 

eradicating cancer (DeVita & Chu, 2008).  When given as a cocktail, the largest possible 

dose of each agent tolerated by the individual is administered to maximize the number of 

cells killed.  Given that chemotherapy drugs have different effects on cancer cells, 

administering a cocktail of drugs provides a broader range of interaction between 

chemotherapy and tumour cells (DeVita & Chu, 2008; Kumar & Clark, 2012).  

Administering chemotherapy as a cocktail may also slow the development of tumour cell 
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drug resistance and allow the individual to benefit from the synergistic effect of multiple 

medications (DeVita & Chu, 2008).   

     The administration of chemotherapy is a precise science that depends on a variety of 

factors.  The first consideration is the goal of treatment.  As chemotherapy drugs are not 

cancer specific and there is no direct relationship between dose and the number of cells 

killed, the maximum effective dose is close to the maximum tolerated dose (Kumar & 

Clark, 2012).  The decision to sustain treatment at a level close to toxicity depends on 

whether the goal is curative or palliative.  

     The administration schedule, length, timing, and number of cycles an individual 

undertakes also depend on a variety of individual and cancer-specific factors (Canadian 

Cancer Society, 2016; Kumar & Clark, 2012).  Chemotherapy treatment is typically given 

over six months, but can range between three and twelve months (Canadian Cancer 

Society, 2016).  Drugs tend to be given over a few days followed by a rest of a few weeks 

to allow normal tissues time for re-growth (Kumar & Clark, 2012).  

     5.5.3 Side-effects associated with chemotherapy.  Chemotherapy is associated with 

numerous side effects, both acute and chronic, that vary depending on the type, method of 

administration, dose of drug, and the individual’s overall health (Canadian Cancer 

Society, 2016).  Due to the systemic nature of chemotherapy, most organs and systems of 

the body are vulnerable to side-effects (DeVita & Chu, 2008).  Side-effects can be 

diffuse, such as fatigue and pain, or specific to a system or type of cell.  For example, 

chemotherapy destroys the rapidly dividing cells of the bone marrow, lining of the mouth, 

and hair cells, causing low blood counts, bone marrow suppression, mouth sores, and hair 
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loss (Kumar & Clark, 2012; Longe & Gale, 2006).  Chemotherapy is also associated with 

gastrointestinal symptoms (Canadian Cancer Society, 2016; Kumar & Clark, 2012). 

    The endocrine system, particularly the levels of sex hormones, can be influenced by 

chemotherapy.  Treatment may block the function of the hormone or damage endocrine 

glands, which in women can lead to amenorrhea (Conroy, 2016; Pribylova et al., 2008).  

Chemotherapy can have immediate effects on hormone levels, such as estrogen in women 

or testosterone in men (American Cancer Society, 2017), particularly when treating 

tumours with hormone receptors.  Effects may endure for years following treatment.  In 

one study, the level of anti-mullerian hormone in women who survived childhood cancer 

was associated with the type of cancer (e.g., sarcoma), chemotherapy drugs administered 

(Procarbazine, cyclophosphamide), and increased age at diagnosis (Charpentier et al., 

2014).  Fluctuations in hormone levels during and following treatment with 

chemotherapy are associated with changes in cognitive function (Ahles, 2012).  

6. Cognitive Function and Chemotherapy  

     Individuals often complain of chemobrain, chemomalaise, or chemofog (Mitchell & 

Turton, 2011) following treatment with chemotherapeutic drugs.  The most common 

complaints are fatigue, mental confusion or fogginess, memory problems, decreased 

attention span, and an inability to focus or concentrate (Mitchell & Turton, 2011; 

Taillibert, Voillery, & Bernard-Marty, 2007).  Findings concerning the link between 

chemotherapy and cognitive function are inconsistent in the literature, with some studies 

showing cognitive decline (e.g., Jacobsen et al., 2004; Skaali et al., 2011), some showing 

no significant relationship (e.g., Baudino et al., 2012; Jacobsen et al., 2004; Skaali et al., 

2011), and others showing improvement post-chemotherapy (e.g., Eberhardt et al., 2006; 
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Hess et al., 2015; Klemp, 2007).  These inconsistencies may be due, in part, to between-

study differences in design (post-chemotherapy between-subject versus pre-and post-

chemotherapy within-subject designs), cancer or treatment type, or due to differences in 

the measures employed.  Many studies employ objective measures, such as 

neuropsychological tests (e.g., Capuron, 2001; Denicoff, 1987; Jacobsen, 2004; Mulder, 

2014; Natori, 2015), whereas others rely on subjective self-report measures (e.g., Jaremka 

et al., 2014; Kohli et al., 2007) 

6.1 Neuropsychological Tests and Assessment   

     Neuropsychological assessments have a number of benefits, including enabling 

researchers to objectively and reliably describe brain function and changes in brain 

function over time.  Neuropsychological tests are objective assessments involving 

performance of a task known to measure cognitive capacity or sensory-perceptual 

function. Neuropsychological tests are not based on an individual’s opinion of his or her 

ability, they do not rely on memory of past events, and are not subject to cognitive biases 

that influence the manner in which individuals report events (Lezak, Howieson, Bigler, & 

Tranel, 2012).  This is in contrast to self-report measures, wherein individuals may 

perceive that they have acquired cognitive deficits, not realizing that there may be 

alternate explanations for this perception.  The individual may expect worse function 

following chemotherapy, and thus may better attend to and remember every day errors.  

Supporting this idea, one study found that a lack of memory problems was associated 

with greater self-reported physical disability among older adults (Daltroy, Larson, Eaton, 

Phillips, & Liang, 1999).   
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     Neuropsychological tests are also typically normed, such that an individual’s 

performance may be compared to other individuals of the same age and sex (Snyder, 

Nussbaum, & Robins, 2011).  For example, an individual who scores in the 99
th

 

percentile on a test of attention is performing better than 99 out of 100 individuals of the 

same age and sex on the test of attention.  Normed scoring is important as it accounts for 

normal differences in cognitive function, such as normal declines associated with age.      

     Neuropsychological tests provide an objective means of measuring cognitive 

performance.  Often, cognitive domains are divided into the following domains: 

attention/processing speed, working memory, language, visuospatial processing, short-

term memory, and executive functions (Lezak, Howieson, Bigler, & Tranel, 2012; Snyder 

et al., 2011).  Within these domains there are subcategories that can be assessed with 

specific tests.  For example, the Wisconsin Card Sort Test requires individuals to sort 

cards based on rules the person deduces through trial and error; this test assesses 

executive functions such as planning and reasoning with abstract information (Heaton, 

Chelune, Talley, Kay, & Curtiss, 1993).  

     Although a specific neuropsychological test is typically associated with a primary 

cognitive domain (e.g., working memory), it is as acknowledged that other cognitive 

functions are typically involved in completing the task (e.g., motor function, attention).  

Therefore, neuropsychological tests are often given as batteries in an assessment, which 

allows neuropsychologists to evaluate patterns across tests to determine which cognitive 

domain is underperforming.  Depending on the referral or research question, a number of 

tests are administered in an assessment to allow for patterns of performance to emerge.  

For example, if an individual does poorly on tests of memory only when there is a 
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speeded component, it can be inferred that the person’s deficit is in the area of processing 

speed, not memory.   

      The purposes of neuropsychological assessments are varied, and depend on the 

referral or research question.  Neuropsychological assessments may be conducted to 

monitor healing or decline over time.  For example, tests may be administered following 

a brain injury and at a one-year follow-up to determine deficits that are likely to be 

permanent.  Neuropsychological assessments are also used to objectively comment on the 

success of a medical intervention (e.g., brain surgery, medication).  For example, 

individuals may be tested before and after brain surgery or administration of 

chemotherapy to monitor the effects of the intervention on cognition.   

Neuropsychological testing may aid in differentiating among diagnoses to inform 

treatment (e.g., type of dementia) or be used to identify learning disabilities and other 

atypical patterns of brain function (e.g., attention deficit disorder).  In legal settings, 

neuropsychological testing is used to assess individuals’ competencies or quantify the 

level of disability for health or employment insurance claims (Randolph & Lovell, 2011; 

Snyder et al., 2011).  In research, neuropsychological tests are often used in conjunction 

with imaging to gain a better understanding of brain–behaviour relationships 

(Caccappolo, 2015).   

6.2 Neuropsychological Assessment and Cancer Treatment   

     Neuropsychological tests are useful for objectively assessing cognitive function.  The 

neuropsychological tests can be used to detect subtle differences in cognitive functioning 

associated with chemotherapy, in part by allowing for comparisons with normative data 

from matched standardized samples (Kane & Kay, 1992).  Neuropsychological tests can 
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be divided into screening measures and assessment batteries.  Screening measures are 

quick to administer and indicate a broad area of difficulty that may lead to further 

assessment.  Assessment batteries tend to be time-consuming to administer, but provide 

detailed information about the nature and severity of specific deficits (Caccappolo, 2015).   

     Neuropsychological tests can be administered at different time points to track 

cognitive progression over time, such as cognitive decline related to chemotherapy (e.g., 

testing pre- and post-chemotherapy) or disease progression in general (e.g., CNS tumour 

growth; Caccappolo, 2015).  In clinical work, the test data collected during an assessment 

is used to characterize cognitive deficits and have been shown to have high predictive 

validity with respect to disease progression and impact on daily function (Caccappolo, 

2015).  Neuropsychological test batteries can help clinicians differentiate between 

cognitive decline due to iatrogenic agents (e.g., chemotherapy) and psychological factors 

(e.g., anxiety, depression, fatigue) by comparing the pattern of deficits obtained for each 

individual with the pattern that would be expected for each underlying cause 

(Caccappolo, 2015).  The purpose of understanding deficits is to aid in treatment 

planning.  Assessments following treatment for cancer may provide insights into 

difficulties the individual is likely to encounter at home, interacting with other people, 

and when returning to work.  A good understanding of these difficulties can help 

clinicians implement coping strategies to ease the individual’s transition (Caccappolo, 

2015). 

     After a neuropsychological assessment, the results are divided into cognitive domains 

to better describe the difficulties.  While division of cognitive function into domains is 

not ubiquitously agreed upon, cognitive domains generally tested in a neuropsychological 
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assessment are processing speed (e.g., speed with which one can think), working memory 

(e.g., ability to hold information in one’s head as it is being manipulated), attention, 

memory, inhibition, fluency, and planning (Lezak, Howieson, Bigler, & Tranel, 2012; 

Snyder et al., 2011).  Each of these broad categories can be subcategorized depending on 

the specific facet being studied.  For example, memory includes short-term (e.g., seconds 

to minutes) and long-term memory (e.g., minutes to decades; Lezak et al., 2012).  Long-

term memory can be further categorized as explicit, involving conscious and intentional 

recognition of information, and implicit memory, performing an action without 

consciously accessing the knowledge (Snyder et al., 2011).  Memory can also be 

described in terms of the type of information that is processed or recalled, such as visual 

(e.g., memory of images/shapes) and verbal memory (e.g., memory of words; Lezak et 

al., 2012).       

6.3  Chemotherapy and Cognitive Function: Multimodal Treatment 

     Given that cancer is often treated with multiple modalities (e.g., chemotherapy and 

radiation; chemotherapy, radiation therapy, and hormone therapy), it is important to 

understand the individual and combined roles each therapy plays in producing cognitive 

changes.  Several studies have examined cognitive outcomes associated with multi-

modality treatments.   

6.3.1 Chemotherapy, surgery, and radiation therapy.  Researchers comparing 

the cognitive outcomes of chemotherapy (a systemic treatment) with localized treatments, 

such as surgery and radiation therapy, have found mixed results.  Pedersen et al. (2009) 

studied men, two to seven years post-treatment, who had testicular cancer and were 

treated with an orchiectomy only or an orchiectomy and either chemotherapy or 
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radiotherapy.  Men receiving chemotherapy did not differ from men who did not receive 

chemotherapy with respect to their mean performance on a broad-based 

neuropsychological test battery; however, the absence of pre-chemotherapy baseline 

scores and a healthy control group are limitations of this study.   

     Other studies have found an effect of chemotherapy or radiation therapy on cognitive 

function, but differ in the extent to which each treatment leads to worse outcomes (Ahles 

et al., 2002; Nguyen et al., 2013).  Ahles et al. (2002) assessed individuals treated for 

breast cancer or lymphoma with chemotherapy or local therapy (i.e., surgery and non-

central nervous system radiation therapy) five years post-diagnosis.  Those treated with 

chemotherapy were more likely to score worse on measures of verbal memory and 

psychomotor function than individuals receiving local therapy.  There were also trends 

showing that chemotherapy led to worse outcomes in spatial ability and visual memory in 

comparison to local treatments, but these relationships did not reach statistical 

significance. 

     In contrast, Nguyen et al. (2013) found that older women with breast cancer who were 

treated with surgery and radiation had worse cognitive outcomes than women treated 

with chemotherapy or healthy controls.  Specifically, women with breast cancer, 

regardless of treatment type, performed worse on measures of working memory, 

psychomotor speed, and executive function than healthy individuals.  Women treated for 

cancer with local therapy scored lower than those treated with chemotherapy on verbal 

learning, visual perception and construction, visual attention, and short-term retention.  

     While research including individuals treated with local radiation therapy has produced 

variable results with respect to cognitive outcomes, research including individuals 
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receiving total body radiation and/or chemotherapy have demonstrated worse cognitive 

outcomes more consistently.  A study by Correa, Root, Baser, and Moore (2013) found 

that individuals treated with chemotherapy and/or total body irradiation prior to a 

hematopoietic stem cell transplant (HSCT) demonstrated worse cognitive function.  

Specifically, individuals in a healthy control group improved at a one-year follow-up, 

whereas individuals treated with chemotherapy, with or without radiation, showed no 

improvement on measures of memory or attention.  Friedman et al. (2009) found that 

39% of patients were classified as impaired on measures of memory and attention after 

receiving induction chemotherapy or radiation prior to HSCT. 

     Similarly, Harder et al. (2007) examined adults with malignant haematological 

disorders who had received bone marrow or HSCT.  These procedures were preceded by 

high-dose chemotherapy and/or total body irradiation to eradicate malignant disease, 

suppress the immune system, and allow donor tissue to proliferate.  At baseline, both 

groups demonstrated mild cognitive impairments but there were no differences between 

the groups.  At follow-up, there were no changes over time; however, there was a trend 

for adults who received HSCT to show poorer attention, executive function, and 

psychomotor function.  Worse scores on psychomotor function were associated with 

having been treated with total body irradiation.  While worse outcomes have been 

demonstrated more consistently with chemotherapy and total body irradiation, it is 

difficult to attribute the cognitive difficulties to a single factor given the period of 

profound immunodeficiency and combination of high-dose chemotherapy and radiation 

therapy.  
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     6.3.2 Chemotherapy and endocrine therapy.  Hormone therapy is often used as a 

primary treatment or an adjunct to chemotherapy to treat hormone receptor positive 

tumours; although cognitive difficulties associated with these treatments have been 

reported, results have been mixed.  Stewart et al. (2008) demonstrated no evidence of 

change in cognitive function following chemotherapy when considering their sample as a 

whole, but found evidence for a decline in functioning when examining individual change 

scores.  Specifically, the researchers compared scores of adults with breast cancer before 

and after standard dose chemotherapy, with or without hormone therapy, to a control 

group of women receiving only hormonal therapy.  Scores for overarching cognitive 

domains for both treatment groups fell within normal cognitive limits and, as a whole, 

remained static or improved.  However, an analysis of individual change scores revealed 

individuals receiving chemotherapy were 3.3 times more likely than individuals treated 

with adjuvant hormonal therapy to demonstrate cognitive decline at the end of therapy.  

Working memory was the domain most affected.  The results remained even after 

accounting for age, education, intelligence, fatigue, psychological distress, and regression 

to the mean (Stewart et al., 2008).   

     Similarly, a subset of a more recent sample was identified as having poor cognitive 

outcomes.  Prokasheva, Faren, Cwikel, and Geffen (2011) conducted a cross-sectional 

study comparing three groups that had breast cancer, which was treated with 

chemotherapy alone, tamoxifen alone, or both chemotherapy and tamoxifen.  Although 

40% of participants in each group were classified as mildly impaired with respect to 

episodic memory, there were no differences between the groups on measures of visual or 

verbal memory, recall, or recognition. 
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     Declines that were more widespread were noted by Wefel, Saleeba, Buzdar, and 

Meyers (2010).  The authors used a prospective longitudinal study design and found that 

individuals treated with chemotherapy or chemotherapy and tamoxifen for breast cancer 

developed declines in the areas of learning, memory, executive function, and processing 

speed.  Specifically, 21% of individuals with breast cancer demonstrated cognitive 

dysfunction before chemotherapy, with an increase to 65% shortly following 

chemotherapy and 61% at one year.  Within the subset of individuals demonstrating 

declines, 71% demonstrated a pattern of continuous decline from the post-treatment 

assessment to the one-year follow up, and 29% demonstrated delayed cognitive decline at 

the one-year follow-up.       

     One factor that may be contributing to the variability in results across studies is the 

type of hormone treatment administered.  When comparing tamoxifen to aromatase 

inhibitors, such as anastrozole, exemestane, and letrozole, mixed results with respect to 

cognitive function emerged.  Although authors of one study found the efficacy of 

anastrozole to be preferable with respect to disease-free survival time (ATAC Trialists’ 

group, 2005), authors of a more recent study demonstrated worse cognitive outcomes 

with anastrozole than with tamoxifen (Bender et al., 2015).  Bender and colleagues 

(2015) compared healthy participants to individuals with breast cancer treated with 

chemotherapy and anastrozole or anastrozole alone.  The authors found that participants 

with breast cancer treated with anastrozole performed worse on measures of executive 

function than participants in the control group.  Both groups of participants with cancer 

demonstrated a pattern of decline in working memory and concentration during the first 

six months of anastrozole therapy, which improved at 12 months.  However, the 
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participants treated with anastrozole alone demonstrated a second decline in working 

memory and concentration at 18 months.     

     6.3.3  Chemotherapy, radiation therapy, and endocrine therapy.  Researchers 

assessing cognitive function in individuals receiving endocrine therapy in addition to 

chemotherapy or radiation therapy have found worse cognitive function with treatment; 

however, the domains most vulnerable to treatment have been mixed.  Jung and Cimprich 

(2014) found that women with breast cancer treated with chemotherapy alone or in 

combination with radiation and/or hormone therapy had worse scores on attention and 

working memory in comparison to healthy controls.  

     Long-term difficulties following treatment have also been found.  Jenkins et al. (2006) 

assessed three groups of women.  One group had chemotherapy, one group had endocrine 

and/or radiotherapy, and one group was a healthy control.  The groups with cancer were 

assessed prior to therapy, at six months post-therapy, and again at 18 months; the control 

group was assessed at comparable time intervals.  There was a decline in cognitive 

function in 20% of the individuals who received chemotherapy and 26% of the 

individuals who received endocrine and/or radiotherapy at six months post-therapy.  At 

18 months post-therapy, 18% of the individuals who received chemotherapy and 14% of 

the individuals who received endocrine therapy and/or radiotherapy continued to 

demonstrate cognitive decline.  Visual memory, spatial functions, psychomotor function, 

and attention were the cognitive domains that were most often negatively affected.  

Cognitive decline was greater if the treatment induced menopause. 

     Similar results were found by Tager et al. (2010) using a prospective longitudinal 

design.  The researchers assessed post-menopausal women with breast cancer before 
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chemotherapy and at six and 12 months follow-up.  Half of the women were treated with 

chemotherapy and half were treated with other means (i.e., surgery, radiation therapy or 

hormone therapy).  Although a comprehensive neuropsychological battery was 

administered, the only deficit noted was statistically non-significant, wherein women who 

were treated with chemotherapy demonstrated a trend towards worse psychomotor 

function at six and 12 month follow-ups.  The authors noted that there was a lack of 

expected practice effects in women treated with chemotherapy, which could be 

interpreted as a deficit.   

     The majority of studies assess individuals one or two years post-treatment; however, 

Scherwath et al. (2006) demonstrated cognitive difficulties enduring on average five 

years following treatment with chemotherapy for breast cancer.  A control group of adults 

with early stage breast cancer treated with surgery and radiation therapy was recruited.  

Participants with hormone positive tumours were also treated with hormone therapy. 

Scherwath et al. found global cognitive impairment in 8% of the high-dose chemotherapy 

group and 13% of the standard dose chemotherapy group in comparison to 3% of adults 

with early stage breast cancer.  These findings were contrary to the expectation that high 

dose chemotherapy would produce worse global cognitive outcomes than standard dose 

therapy.  Compared to normative data, the three participant groups performed worse on a 

reaction time attention test.  No other group differences were found.    

     6.3.4 Biological therapy and chemotherapy.  Biological chemotherapy has been less 

extensively studied than other treatments; however, there is some evidence that biological 

chemotherapy, in comparison to chemotherapy, is associated with worse visual memory, 

planning, and overall intelligence (Walker et al., 1997).  Capuron, Ravaud, and Dantzer 
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(2001) assessed participants treated with biological chemotherapy who had interleukin-2 

(IL-2) alone, IL-2 and interferon-a (IFN-α), or INF-α alone.  Participants treated with IL-

2 alone demonstrated difficulties with spatial working memory and, in comparison to 

those treated with IFN-α, worse scores on planning.  Patients treated with IFN-α alone 

showed no cognitive declines but demonstrated slower reaction time compared to 

individuals treated with IL-2.   

     In a more recent study, Baudino et al. (2012) assessed 18 individuals prior to 

chemotherapy or biological chemotherapy, and 32 individuals following treatment.  The 

researchers found reduced metabolic function across multiple brain regions, with the 

most prominent reductions in the frontal lobes, in patients who had been treated with 

biological chemotherapy in comparison to those who were pre-treatment.  However, no 

statistically significant differences in neuropsychological test performance were found. 

     6.3.5 Summary of chemotherapy-related cognitive outcomes as part of a multi-

modal treatment approach.   Cancer is a multifaceted disease necessitating the 

development of a number of localized (e.g., surgery, radiation therapy) and systemic 

treatments (e.g., chemotherapy, hormonal therapy, and biological therapy; Canadian 

Cancer Society, 2016; Kumar & Clark, 2012).  Cognitive side effects have been reported, 

albeit inconsistently, for a number of the treatments (Baudino et al., 2012; Capuron et al., 

2001).  Due to the systemic nature of chemotherapy, it is hypothesized to be a 

contributing factor leading to poor cognitive outcomes in cancer patients; however, there 

have been discrepancies in the literature about the extent to which chemotherapy is 

associated with cognitive change when multi-modality treatment is employed.  Therefore, 

research focusing on groups who have received only chemotherapy, or only 
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chemotherapy and surgery, is needed to differentiate between poor cognitive outcomes 

due to chemotherapy, as opposed to other treatments.       

6.4 Neuropsychological Findings Following Chemotherapy as a Single Modality   

     To better differentiate among cognitive consequences of treatment, a few studies have 

utilized the single modality approach to understanding cognitive dysfunction associated 

with chemotherapy treatment.  Wefel et al. (2014) addressed these confounding factors 

by studying a sample treated solely with chemotherapy, finding evidence of cognitive 

decline in men treated with an orchiectomy with or without chemotherapy.  Patients were 

tested prior to chemotherapy, one week post-treatment, and at 12 months after the 

baseline evaluation.  In comparison to the surgery-only group, men treated with 

chemotherapy had higher rates of overall cognitive decline and worse scores on motor 

dexterity.  Factors associated with poorer performance were a greater number of 

chemotherapy cycles and younger age (Wefel et al., 2014).   

    Koppelmans et al. (2012) assessed individuals following a much longer delay.  

Participants, between the ages of 50 to 80 years old were diagnosed with breast cancer on 

average 21 years prior to undergoing neuropsychological testing.  Women who 

underwent chemotherapy performed worse than healthy controls on neuropsychological 

tests of immediate and delayed verbal memory, processing speed, executive functioning, 

and psychomotor speed, suggesting that the effects of chemotherapy were long lasting 

(Koppelmans et al., 2012).   

     Although fewer studies have examined chemotherapy as a sole agent in treatment, a 

longitudinal between- and within-subjects design (Wefel et al., 2014b) and a cross-

sectional study (Koppelmans et al., 2012) conducted following a long delay post-
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chemotherapy demonstrated poor outcomes in the following areas: psychomotor, verbal 

memory, processing speed, and executive function.  Longitudinal studies, in particular, 

are important as participant variables are controlled for when using within-subjects 

designs and, thus, more clearly demonstrate the effect of chemotherapy on cognitive 

function in comparison to between-subjects designs.  Longitudinal designs also help with 

understanding the time-frame in which cognitive declines from chemotherapy occur.  

7. Subjective Cognitive Complaints Associated with Chemotherapy 

     The relationship between deficits found using objective (e.g., neuropsychological 

tests) and subjective (e.g., self-report rating scales) measures is debated in the literature.  

Several researchers have found evidence for associations between subjective complaints 

and scores on objective cognitive measures (Bender et al., 2006; Castellon et al., 2004).  

Mehnert et al. (2007) compared self-reported cognitive function with performance on 

measures of attention, memory, and executive functions, as well as with global 

neuropsychological dysfunction, in individuals receiving standard or high-dose 

chemotherapy.  Worse scores on verbal working memory, assessed using the Digit Span 

test, were associated with higher self-perceived cognitive dysfunction in individuals who 

received standard-dose chemotherapy, and to a lesser degree in individuals who received 

high-dose chemotherapy. 

     Authors of other studies have noted that subjective complaints of cognitive 

dysfunction are not highly correlated with objective neuropsychological outcomes 

following chemotherapy (Ahles et al., 2002; Castellon et al., 2004; Klepstad et al., 2002; 

Schagen et al., 1999; Wieneke & Dienst, 1995; van Dam et al., 1998).  A recent study by 

O’Farrell, Andra, and Collins (2016) highlighted the complexity of the relationship 
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between objective and subjective measures.  The authors compared 60 women with early 

stage breast cancer to 60 age- and education-matched healthy controls.  Although both 

subjective and objective measures of cognitive function declined over the course of 

chemotherapy in those with breast cancer, no relationship between objective and 

subjective complaints emerged.  Scores on objective measures of cognitive function were 

not related to changes in anxiety or fatigue scores; however, perceived cognitive 

difficulty was associated with greater anxiety and fatigue.   

     There are a number of hypotheses proffered to explain the complex relationship 

between subjective and objective measures in the literature.  Neuropsychological tests 

may lack ecological validity due to their administration in an artificial environment, 

underscoring potential limitations of objective testing to predict success in the complex 

demands of daily- and work-life (Bigler, 2008; Sbordone, 2001; Sbordone & Guilmette, 

1999; Vardy et al., 2006).  As such, individuals who have undergone chemotherapy may 

notice subtle differences in cognitive function that are not observed objectively in a 

testing environment, but may impact daily life (Sbordone, 2001).  Alternatively, Downie, 

Mar Fan, Houédé-Tchen, Yi, and Tannock (2006) proposed that facing a life-threatening 

disease may make adults more vigilant about changes in their cognitive functioning, 

contributing to the perception of more severe difficulties than would be experienced by 

healthy individuals of the same age.  Similarly, Hutchinson, Hosking, Kichenadasse, 

Mattiske, and Wilson (2012) proposed that ratings of greater difficulties with subjective 

cognitive function may be a measure of psychological distress as opposed to cognitive 

dysfunction due to chemotherapy.  
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      In sum, while cognitive dysfunction is prevalent among individuals with cancer, there 

is debate among researchers about the magnitude, cause, and course of dysfunction when 

tested using both objective and subjective indicators.  Issues involving measurement of 

objective and subjective cognitive function may be contributing to the discrepant 

findings, as well as the potential influence of psychological factors such as anxiety, 

distress, and depression (Bender et al., 2006; Hutchinson et al., 2012; Lopez-Zunini et al., 

2013).  

8. Neural Changes Associated with Chemotherapy 

     Researchers conducting neuropsychological studies quantify the objective and 

subjective effects of the deficit (e.g., executive dysfunction; Snyder et al., 2011) and infer 

whether or not brain damage is likely to have occurred.  In contrast, researchers 

conducting imaging studies examine changes in neural function and structure following 

chemotherapy and infer declines in cognitive function based on brain changes and 

performance on tasks involving a specific cognitive function.  In aiming to understand the 

extent to which chemotherapy leads to neural change and cognitive difficulties, it is 

important to consider evidence from imaging studies.  

     The mechanism through which chemotherapy may lead to poor cognitive function is 

unknown, but is an important component in understanding cognitive difficulties.  Several 

hypotheses have been proffered including: neuronal loss due to direct or indirect 

chemical toxicity, oxidative damage, inflammation, nutritional factors, hormonal 

histories, tumor gene mutations, induction of pro-inflammatory cytokines, and 

paraneoplastic disorders and destructive autoimmune responses (Mehnert et al., 2007; 

Stewart, Bielajew, Collins, Parkinson, & Tomiak, 2006).  Longitudinal studies have been 
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conducted to differentiate between damage due to chemotherapy and damage due to 

cancer, and to better understand the course of physiological damage in years following 

the termination of treatment (Cimprich et al., 2010; Silverman et al., 2007).   

     Crossing the blood brain barrier is one way in which chemotherapy may directly cause 

physiological damage and subsequent cognitive difficulties.  Some chemotherapy 

medications, such as paclitaxel and vincristine, permeate the blood brain barrier more 

easily than others (Kemper, Boogerd, Thuis, Beijnen, & van Tellingen, 2004).  Other 

anti-cancer drugs, such as 5-Fluorouracil, cause transient increases in blood-brain barrier 

permeability (Neuwelt et al., 1983), which makes the brain vulnerable to substances in 

the blood that are normally blocked by the blood-brain barrier.  Nevertheless, 

concentrations of chemotherapeutic agents in the brain tend to remain low (Fliessbach et 

al., 2003).    

     While the blood brain barrier may inhibit the passage of toxic chemicals into the brain, 

there is evidence that some chemotherapy drugs may cause CNS damage despite the 

relative difficulty in entering the brain.  Several pathways of damage to the brain have 

been proposed for the drug Doxorubicin (Dox), also known by the trade name 

Adriamycin.  Dox has been proffered to cause oxidative stress and leads to 

disproportionately more oxidants than antioxidants in brain cells, potentially leading to 

cell apoptosis (Gewirtz, 1999; Raffa, 2011).  Adriamycin may also increase tumour-

necrosis-factor, which leads to the increased production of reactive oxygen and nitrogen 

species in the brain, causing mitochondrial dysfunction and activating apoptotic pathways 

in the brain (Gewirtz, 1999; Stewart et al., 2006).  Dox is also known to cause cognitive 

dysfunction by stimulating proinflammatory cytokine release in response to cell injury 
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and tumour necrosis factor (Gewirtz, 1999; Raffa, 2011).  While Dox has not been shown 

to pass through the blood brain barrier, cytokines and tumour necrosis factor-alpha can, 

leading to changes causing cell damage (Raffa, 2011).  The hippocampus and cortex are 

thought to be most vulnerable to Dox (Raffa, 2011). 

     In addition to brain cell damage, injury to the visual sensory system at the level of the 

eye has also been proffered as an underlying cause of many of the chemotherapy induced 

cognitive difficulties.  Raffa and Tallarida (2010) hypothesized that adults who have 

received chemotherapy may score low on measures of visual-spatial function, visual 

memory, and visual-motor due to visual system damage.  The rapidly dividing cells in the 

cornea and conjunctival epithelium may be most easily damaged.  Gianni et al. (2006) 

found that chemotherapy leads to ocular toxicity in 11% of individuals treated with 

tamoxifen, toremifene, or chemotherapy.  Certain chemotherapy drugs are associated 

with visual side-effects and have been shown to cause damage in up to 25 to 50 percent 

of individuals treated with the drugs (Raffa & Tallarida, 2010).  For example, 

cyclophosphamide, doxorubicin, 5-fluorouracil, and methotrexate may cause blurred 

vision, ocular pain, photophobia, excessive tear secretion, eye irritation, fibrocytes, 

decreased reflex tear secretion, conjunctivitis, and pinpoint pupils (Raffa & Tallarida, 

2010).   

8.1 Imaging Evidence of Physiological Damage Due to Chemotherapy    

      Chemotherapy may affect the volume of specific areas of the brain.  Inagaki et al. 

(2007) compared high resolution MRI scans of survivors and healthy women.  Smaller 

volumes of grey and white matter in the prefrontal, parahippocampal, cingulate gyrus, 

and precuneus at one year following treatment were found in the survivors in comparison 
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to healthy women.  However, there were no differences in volume at three years 

following treatment.  The authors also found that smaller prefrontal, parahippocampal 

gyrus, and precuneus volumes were associated with poorer performance on measures of 

attention/concentration and visual memory.  Inagaki et al. (2007) concluded that 

chemotherapy may have physiological effects on the brain, accounting for subjective 

reports of cognitive dysfunction.   

     Alterations in neural blood flow and metabolism during cognitive tasks have also been 

demonstrated following chemotherapy treatment.  In comparison to chemotherapy-naive 

controls, Silverman et al. (2007) found increased brain blood flow and metabolism near 

Brodmann areas 44 and 45 in the inferior frontal gyrus during a short-term verbal 

memory test.  Further, basal ganglia activity was decreased in individuals who had been 

treated with chemotherapy and tamoxifen, but not chemotherapy alone.   

     To minimize the potential effects of individual differences in metabolism, Ferguson 

McDonald, Saykin, and Ahles (2007) compared MRI scans of a set of monozygotic twins 

reared together.  One twin had been treated with chemotherapy for breast cancer and the 

other twin had no history of cancer.  The twin with a history of breast cancer had more 

cognitive complaints, more white matter hyperintensities on the MRI scan, and an 

expanded area of brain activation during working memory processing in comparison to 

the healthy twin.  In light of other studies showing increased brain activation associated 

with compensation for poor cognitive function in other disorders  (e.g., multiple sclerosis, 

traumatic brain injury, and mild cognitive impairments), Ferguson et al. concluded that 

the increased activation in the twin having been treated with chemotherapy may have 

been compensating for worse cognitive function.   
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     While the pathway of damage due to chemotherapy is not clearly delineated, a number 

of direct (e.g., neuronal toxicity) and indirect (e.g., oxidative stress, inflammation) means 

have been proposed (Mehnert et al., 2007; Stewart et al., 2006).  Regardless of the 

method of toxicity, several researchers have demonstrated changes in the brain (e.g., grey 

and white matter densities, glucose consumption) associated with chemotherapy 

treatment (Deprez et al., 2011; Ferguson et al., 2007).  While the sites most vulnerable to 

damage as well as the duration of physiological change are inconsistent in the literature, 

there appears to be a trend towards areas of the frontal lobe or areas that project to the 

frontal lobes being most likely to be affected by chemotherapy (e.g., cingulate gyrus, 

hippocampus, the inferior frontal gyrus). 

     8.1.1 Imaging studies: Long-term evidence of physiological changes and 

associated changes in cognitive function.  In addition to short-term neural changes, 

researchers conducting imaging studies have found evidence of long-term changes in 

brain activity following chemotherapy.  Silverman et al. (2007) compared the PET scans 

of individuals who had been treated for breast cancer with chemotherapy five to ten years 

prior to the study with chemotherapy naive controls.  The authors found that during a 

short-term recall task, cancer survivors’ cerebral blood flow in the inferior frontal gyrus 

and cerebellum was greater in comparison to the control group, whereas the control group 

demonstrated greater blood flow in parietal regions compared to the cancer survivor 

group.  Increased resting metabolism in the inferior frontal gyrus in participants treated 

with chemotherapy was associated with poorer performance on the short-term memory 

task.  Silverman et al. concluded that individuals treated with chemotherapy showed an 



 

 

33 

altered pattern of activation when completing short-term memory tasks that persisted five 

to 10 years following initial treatment. 

     More recent studies found similar results.  Kesler, Kent, and O’Hara (2011) compared 

the functional MRI scans of 25 women who were treated with chemotherapy for breast 

cancer about 5 years previously with a non-chemotherapy cancer group and a healthy 

control group.  Nineteen women with breast cancer, not treated with chemotherapy, 

comprised the non-chemotherapy group and 18 healthy individuals, matched on 

demographic variables, comprised the control group.  Kesler et al. (2011) found that 

adults diagnosed with cancer, regardless of treatment status, showed less activation in the 

left middle dorsolateral prefrontal cortex and premotor cortex regions.  In addition to 

these differences, women who received chemotherapy also showed less activation of the 

left caudal lateral prefrontal cortex and the left caudal lateral middle frontal gyrus, 

corresponding to neuropsychological deficits in processing speed and increased 

perseverative errors.  Lower activation in the left caudal lateral middle frontal gyrus may 

explain the higher number of perseverative errors, as this region is involved in switching 

attention to alternative competing responses based on learned conditional rules, leading to 

difficulties in flexible shifting and slower processing speed during rule-governed tasks.  

The authors concluded that neurological impairment was observed in individuals who had 

breast cancer, with greater cognitive difficulties demonstrated in individuals treated with 

chemotherapy.         

     Similarly, de Ruiter and colleagues (2011) compared fMRI scans of individuals ten 

years post-treatment for breast cancer.  One group of individuals had received four 

rounds of standard-dose chemotherapy followed by one round of high-dose 
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chemotherapy; a second group was treated without the use of chemotherapy.  The group 

that received chemotherapy reported more subjective memory problems.  Worse scores 

on planning and recognition memory problems were associated with hyporesponsiveness 

of the dorsolateral prefrontal cortex when completing the Tower of London task, and in 

the parahippocampal gyrus during a paired associates task assessing episodic memory.  A 

whole brain analysis revealed that the group that received a round of high-dose adjuvant 

chemotherapy showed generalized hyporesponsiveness of the lateral posterior parietal 

cortex, associated with attentional processing (de Ruiter et al., 2011).  The authors also 

concluded that chemotherapy was associated with adverse effects on subjective memory. 

     8.1.2 Imaging studies: Evidence of physiological changes and associated 

difficulties in cognitive function prior to chemotherapy.  Although the studies 

described above generally compare individuals with cancer receiving chemotherapy to 

individuals with cancer treated without chemotherapy, there is evidence from imaging 

studies that brain changes leading to cognitive deficits may be present prior to treatment 

with chemotherapy, making it difficult to differentiate the cause of cognitive deficits 

(Cimprich, et al., 2010).  That is, individuals with cancer, treated with or without 

chemotherapy, may demonstrate difficulties, but those treated with chemotherapy may 

show greater deficits, even prior to treatment. Thus, these deficits may not be due to the 

chemotherapy itself, but rather due to other group differences.  For example, individuals 

receiving chemotherapy may have more advanced or more serious cancer diagnoses.  The 

seriousness of the illness may, in turn, be more predictive of brain changes than the 

treatment administered.     
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     To examine whether there are differences in brain activation prior to treatment, 

Cimprich et al. (2010) used fMRI to examine brain activation during selective attention 

and working memory tasks in middle-aged women with localized breast cancer before 

treatment was administered.  The authors concluded that women waiting for 

chemotherapy have less efficient attention and working memory circuitry in the brain in 

comparison to healthy controls, and tend to be less accurate in high-demand tasks 

involving verbal working memory (Cimprich et al., 2010).  Specifically, in comparison to 

a control group of healthy individuals, individuals with cancer showed bilateral brain 

activation in high demand task trials and showed relatively greater activation in parts of 

the brain associated with attention and working memory, possibly to compensate for 

cognitive difficulties (Cimprich et al., 2010).  While this study highlights the differences 

in cognitive function between those with cancer awaiting chemotherapy and healthy 

controls, longitudinal studies are needed to compare healthy individuals and individuals 

with cancer treated with and without chemotherapy.   

     8.1.3 Summary of neural changes related to chemotherapy.  In summary, neural 

changes have been demonstrated in groups with cancer prior to chemotherapy and 

immediately and several years following chemotherapy (Cimprich et al., 2010).  

Longitudinal studies are needed to differentiate between deficits due to cancer and 

deficits due to or worsened by chemotherapy.  Nevertheless, worse cognitive function 

and associated neural correlates have been identified in groups treated with 

chemotherapy, in comparison to groups not treated with chemotherapy, suggesting that 

chemotherapy has a real effect on the neural structures of the brain (Kesler et al., 2011).  
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9. The Frontal Lobe Hypothesis 

     The frontal lobes, colloquially referred to as the executive of the brain, house a 

number of cognitive function s including verbal fluency, inhibition, initiation, attention, 

planning, and problem solving (Chayer & Freedman, 2001; Miyake, et al., 2000).  The 

frontal lobes are highly connected with the rest of the brain and are also implicated in 

working and short-term memory, processing speed, emotional processing, and theory of 

mind (Fletcher & Henson, 2001; Kaller, Rahm, Spreer, Weiller, & Unterrainer, 2011).  

The frontal lobe hypothesis of normal aging has been used as a framework to explain 

the pattern of chemotherapy-related changes that may be emerging (Calso, Besnard, Calò, 

& Allain, 2015; Stuss, 2011).  Proponents of the frontal lobe hypothesis suggest that 

normal aging may differentially target the frontal lobes, leading to executive dysfunction 

as well as deficits in cognitive functions that support executive processes.  While other 

declines in cognitive function may occur in normal aging, declines in cognitive functions 

housed in the frontal lobes, such as executive functions, tend to show the earliest signs 

(West, 2000).  Researchers have found evidence of frontal lobe dysfunction in healthy 

aging adults, including decreased fluency, working memory, inhibition, planning, 

problem solving, emotional processing, and theory of mind (e.g., understanding and 

empathising with others’ perspectives; Calso et al., 2015; Diamond, 2013; Kesler et al., 

2011; West, 2000).  

9.1  Chemotherapy and the Frontal Lobe Hypothesis 

     Many biological changes that occur in normal aging are also seen in cancer patients 

treated with chemotherapy (e.g., DNA damage, oxidative stress, inflammation, and 

decreased telomere length; Maccormick, 2006; Kumar & Clark, 2012).  Evidence that 
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chemotherapy drugs accelerate aging was found by Sanoff et al. (2014).  Expression of 

senescence markers p16
INKa

/ARF and senescence-associated cytokines were measured in 

breast cancer survivors treated with and without chemotherapy.  The researchers found 

increases in p16
INKa

 and ARF up to 12 months post-treatment in the sample treated with 

chemotherapy.  The expression of two senescence-associated cytokines, vascular 

endothelial growth factor A (VEGFA) and monocyte chemotactic protein-1 (MCP1), 

increased following treatment with chemotherapy in comparison to individuals with 

cancer who were not treated with chemotherapy.  The authors concluded that adjuvant 

chemotherapy accelerates aging of hematopoietic tissues.   

     In addition to pharmacological evidence of increased aging at a cellular level as a 

result of chemotherapy, there is also imaging evidence.  In a study by Kesler and 

colleagues (2011), older women with breast cancer who received chemotherapy showed 

decreased activation in the prefrontal cortex and an inverse relationship between higher 

education and perseverative errors.  Aging was not associated with perseverative errors in 

women with breast cancer not treated with chemotherapy or a healthy control group, 

suggesting that chemotherapy may have made them more vulnerable to the effects of 

aging (Kesler et al., 2011).  

     One explanation for increased age-related vulnerability to frontal lobe dysfunction 

following chemotherapy is cognitive reserve (Calso et al., 2015).  As the aging process is 

curvilinear, with change accelerating in later years, Ahles (2012) proffered that cancer 

and chemotherapy-related changes in brain resources may be similar across the age span 

but lead to greater measurable deficits in executive function in older individuals who 

have less cognitive reserve.  In other words, younger individuals with more cognitive 
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reserve will fare better with a loss of ability than older individuals who are starting with 

less cognitive reserve (Ahles, Root, & Ryan, 2012).  

     Chemotherapy has been shown to induce changes, similar to what is observed in 

normal aging, at the cellular level.  As a result of the physiological changes, frontal lobe 

functions appear to be most vulnerable in age-related cognitive decline as well as 

cognitive outcomes related to chemotherapy (Sanoff et al., 2014).  Furthermore, the 

cellular changes following chemotherapy make individuals with less cognitive reserve, as 

is more common in older adults, more likely to demonstrate cognitive deficits on 

neuropsychological tests (Ahles, 2012; Calso et al., 2015).  However, there is some 

debate in the literature about the frontal lobe functions that are the most vulnerable to 

chemotherapy.        

9.2 Challenges of Examining Chemotherapy-Related Deficits and the Frontal Lobe 

Hypothesis  

     The frontal lobes are highly interconnected, making it difficult to differentiate between 

difficulties due to frontal lobe dysfunction and cognitive difficulties due to changes in 

other regions that support frontal lobe functions (Stuss, 2011).  For example, Collette and 

colleagues (2005) noted that updating, flexibility, and inhibition depend on distinct 

cerebral regions in the frontal lobes, but also have parietal regions in common.  

Therefore, deficits in updating, flexibility, and inhibition following chemotherapy may be 

due to deficits in the frontal lobe, the parietal lobe, or both.  

9.3 Challenges in Isolating Specific Frontal Lobe Functions 

     In addition to isolating brain regions, it can be difficult to differentiate among deficits 

in cognitive functions within the frontal lobes (Calso et al., 2015).  When an individual is 
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working towards a goal, Diamond (2013) explains that a number of executive and 

supporting functions are required to work in harmony.  Working memory is critical in 

remembering the goal and informing goal directed behavior, while processing speed is 

involved in speedy completion of cognitive tasks so that important information is not 

forgotten.  Together with executive functions, such as inhibition and cognitive flexibility, 

the person can avoid counterproductive responses while switching between tasks as 

needed.  These cognitive processes give rise to higher-level executive functions such as 

planning.  A disruption in the lower-order functions (e.g., working memory, processing 

speed) subsequently interferes with the higher order processes (e.g., planning), even if the 

pathways required for solving the problem are otherwise intact (Diamond, 2013).   

     In a study by Collette and Salmon (2014), the difficulty of linking chemotherapy and 

frontal lobe functions, specifically, as opposed to supporting functions was discussed.  

The authors found that older adults performed worse on measures of processing speed 

and executive functions than younger adults.  It was noted that slower processing may 

have contributed to the observed decrements in executive function (e.g., explicit decision 

making abilities, theory of affective and cognitive mind).  However, the authors also 

discussed that deficits in higher-order executive functions may have occurred 

concurrently, making it difficult to demarcate the cause of observable deficits (Collette & 

Salmon, 2014).   

     In sum, the frontal lobe hypothesis suggests that deficits typically seen in normal 

aging may also be present following treatment with chemotherapy.  Evidence from 

neuropsychological studies (Calso et al., 2015; Diamond, 2013; Kesler et al., 2011; West, 

2000) and imaging studies (Kesler et al., 2011) have shown changes following 
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chemotherapy that are consistent with aging.  Physiological changes similar to those 

observed in normal aging have also been demonstrated following chemotherapy (Kumar 

& Clark, 2012; Sanoff et al., 2014).  Although there is evidence to suggest that the frontal 

lobes are differentially vulnerable to chemotherapy, there is debate among the literature 

due to the level of interconnectivity with the rest of the brain (Collette et al., 2005; Stuss, 

2011).  Moreover, it is difficult to isolate deficits associated with chemotherapy within 

the frontal lobes (Collette & Salmon, 2014).  

10. Factors Influencing Objective Findings  

     In addition to difficulty isolating chemotherapy related cognitive deficits, several other 

factors influence the type and degree of frontal lobe deficits associated with 

chemotherapy.  As discussed above, the length of time since chemotherapy 

administration, high versus low dose chemotherapy, and biological chemotherapy may all 

differently influence the level of cognitive difficulty following treatment (e.g., 

Koppelmans et al., 2012; Mehnert et al., 2007).  Demographic and psychological factors, 

such as pre-morbid intellectual functioning, depression, fatigue, and anxiety, have also 

been shown to influence the level of cognitive deficit found following chemotherapy 

(e.g., Hutchinson et al., 2012).   

10.1  Pre-Morbid Intellectual Functioning 

     Individuals’ pre-morbid intellectual functioning, often inferred by estimates of verbal 

intelligence (e.g., North American Reading Test), global IQ scores (e.g., Weschsler Adult 

Intelligence Scale) or years of education, has been shown to be an important factor 

associated with cognitive deficits following treatment for cancer (O’Farrell, Andra, & 

Collins, 2016).  One study assessed 72 testicular cancer survivors treated with surgery 
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with or without chemotherapy two to seven years post treatment.  In comparison to a 

normative sample, cancer survivors had worse cognitive performance on the majority of 

domains tested (e.g., verbal/visual learning, memory, processing speed, executive 

function, attention, and working memory).  Whether or not the men received 

chemotherapy was not associated with the level of cognitive deficit.  Rather, higher pre-

morbid intellectual functioning was associated with relatively intact cognitive function 

post chemotherapy (Amidi et al., 2015). 

10.2  Psychological Moderators in Developing Cognitive Deficits 

     In addition to physiological damage, psychological factors such as depression, fatigue, 

and anxiety are thought to be contributing factors to cognitive difficulties observed in 

some individuals with cancer (Bender et al., 2006; Lopez-Zunini et al., 2013).  

Understanding these influences is important as cognitive complaints may negatively 

influence quality of life.  However, this relationship is a source of debate in the literature.  

While many studies find no relationship (e.g., Eberhardt et al., 2006; Hess & Insel, 2007), 

others have found evidence for psychological influence in cognitive function (e.g., Ahles 

et al., 2002; Castellon et al., 2004; Lopez-Zunini et al., 2013; Wefel et al., 2004). 

     10.2.1 Depression and cognitive deficits. Mood disturbance has been frequently 

reported in cancer populations undergoing treatment, with estimates ranging from 14.5 to 

20.7 percent, and may persist for many years following treatment (Cliff & MacDonagh, 

2000; Wootten et al., 2007).  One explanation for continued mood disturbance is that 

there may be difficulty adjusting to residual symptoms, making a return to pre-disease 

life more challenging (Wootten et al., 2007).  In one study, women reported that working 
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outside of the home was more challenging post-treatment due to residual symptoms and 

inadequate time for self-care (Downie, Mar Fan, Houédé-Tchen, & Tannock, 2006). 

     Although clinical and subclinical depression are associated with decreased cognitive 

performance in healthy populations (Biringer et al., 2005), researchers investigating the 

relationship between depression and cognitive deficits in adults who were diagnosed with 

cancer have found inconsistent results (Vearncombe & Pachana, 2009).  Several 

researchers have found that depression was not predictive of cognitive deficits following 

treatment for cancer (Eberhardt et al., 2006; Hess & Insel, 2007; Wefel et al., 2004).  

Similarly, in a meta-analysis conducted by Vearncombe and Pachana (2009), the majority 

of studies reported that depression was not related to cognitive dysfunction.  Stewart et al. 

(2008) analyzed individual change scores and found that individuals who displayed worse 

cognitive function following chemotherapy tended to have higher baseline depression 

scores, in comparison to individuals with cancer who did not demonstrate a cognitive 

decline.  Mehlsen, Pedersen, Jensen, and Zachariae (2009) found elevated baseline 

depression scores to be associated with deficits in working and verbal memory.  A more 

recent imaging study by Lopez-Zunini (2013) found that breast cancer survivors who had 

received chemotherapy showed less activation in the insula, orbitofrontal cortex, and 

temporal gyrus, and performed worse on a verbal recall task than matched controls.  

Psychological factors, including depression, anxiety, and fatigue, accounted for much of 

the difference in brain activation in their sample.  

10.2.2 Fatigue and cognitive deficits.  Another factor that may influence post-

treatment outcomes is fatigue.  Fatigue is one of the most common symptoms reported by 

individuals with cancer over the course of chemotherapy and can persist for years 
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following treatment (Donovan et al., 2007; Janz et al., 2007).  Fatigue experienced by 

individuals with cancer may be more pervasive than fatigue experienced by the general 

population (Cella, Lai, Chang, Peterman, & Slavin, 2002).  Fatigue is also implicated as 

an important moderating factor in subjective reports of cognitive deficits, particularly 

with respect to attention (Mehnert et al., 2007; Rugo & Ahles, 2003).  Calvio et al. (2010) 

found that breast cancer survivors reported more distress, fatigue, and job stress three 

years post treatment, in comparison to individuals who have never had cancer.  Fatigue 

and job stress were inversely related to work output, with breast cancer survivors citing 

cognitive limitations, particularly memory and executive function, as interfering with 

their ability to work. 

     The association between fatigue and objective measures of cognitive function in 

individuals treated with chemotherapy has been debated in the literature.  A meta-analysis 

conducted by Vearncombe and Pachana (2009) revealed that the majority of studies 

showed no association between fatigue and objective neuropsychological performance.  

A minority of studies found that fatigue was correlated with worse scores in working 

memory and verbal fluency.  While there is little evidence to support fatigue as a primary 

cause of cognitive deficits, research findings support cancer-related fatigue as a variable 

moderating the magnitude of cognitive deficits (Bender et al., 2006). 

10.2.3 Anxiety and cognitive deficits.  A meta-analysis conducted by Lim, Devi, 

and Ang (2011) found that stress and anxiety were prevalent complaints across all types 

of treatment for breast cancer, with chemotherapy causing the most distress.  Anxiety 

often spikes before the first chemotherapy infusion and can be exacerbated during 

treatment by side-effects and worry about future treatments (Costa-Requena, Rodríguez, 
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Fernández, Palomera, & Gil, 2011).  Anxiety also commonly persists following 

successful treatment for cancer, as survivors are faced with new stressors (e.g., the loss of 

support from health care providers, worry about re-occurrence, and the struggle to return 

to normal life; Costa-Requena et al., 2011).  The level of stress and anxiety experienced 

appears to be moderated by a variety of physical, psychological, and social factors.  

Physical factors included age, side-effects of treatment, and hormonal changes (Rustoen, 

Moum, Wiklund, & Hanestad, 1999).  Psychological factors include body image 

concerns, feelings about the disease, and altered expectations for the future (Mosher & 

Danoff-Burg, 2005; Diefenbach, Mohamed, Horwitz, & Pollack, 2008).  Social and 

environmental factors, including social support and frequent appointments, also interfere 

with daily life.     

     Physiological changes are known to occur due to stress, with prolonged anxiety 

associated with detrimental effects on the neuroendocrine and immune systems, which 

leads to increased stress, fatigue, and depression (Andreis et al., 2013).  However, there 

are discrepancies in the literature about the effect of anxiety on objective measures of 

cognitive function in adults who have had chemotherapy.  In a meta-analysis by 

Vearncombe and Pachana (2009), 10 of 12 studies showed no effects of anxiety on 

objective neuropsychological functioning.  In contrast, Ando-Tanabe et al. (2014) 

compared women treated with chemotherapy for breast cancer with healthy women.  

Although there were no differences between the groups with respect to scores on 

cognitive measures, the authors found that anxiety was correlated with worse scores on 

verbal memory and executive function in the group treated with chemotherapy, but not in 

the healthy control group.  Collectively, there is some support to suggest that 
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psychological factors may function to moderate the magnitude of cognitive dysfunction 

following chemotherapy (Ando-Tanabe et al., 2014; Bender et al., 2006; Vearncombe & 

Pachana, 2009). 

11. Introductory Summary 

     Cancer is a prevalent disease affecting a large number of people on a global scale and 

is one of the leading causes of death in Western countries (Kumar & Clark, 2012; Parkin, 

2001; Parkin, Bray, Ferlay, & Pisani, 2001).  As the incidence of cancer increases, more 

people are being treated and surviving the disease.  As cancer and its treatments appear to 

be associated with cognitive deficits, understanding factors that underlie cognitive 

deficits associated with cancer and its treatment is important as survivors’ educational 

and career goals, social pursuits, and overall quality of life may be affected (Boykoff, 

Moieni, & Subramanian, 2009; Meyers, 2000).  Many adults complain of cognitive 

deficits following treatment with chemotherapy, including problems associated with the 

frontal lobes.  The higher-order mental processes associated with the frontal lobes are 

involved in integrating and processing information from several brain areas, and include 

functions such as memory, psychomotor speed, and executive function (Ahles, 2012; 

Koppelmans et al., 2012).  The frontal lobe hypothesis has been proffered to explain the 

similarities between normal aging and deficits following treatment with chemotherapy, 

suggesting that the frontal lobes are most vulnerable to the effects of chemotherapy 

(Ahles, 2012; Chan et al., 2008).   

     Difficulties in cognitive function and changes in brain structure and function tend to 

be measured with neuropsychological testing and imaging studies, respectively; however, 

there are conflicting results with respect to the nature and degree of change associated 
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with chemotherapy (Ferguson, Cassel, & Dawson, 2010).  Several factors that influence 

neuropsychological outcomes are length of time since chemotherapy administration, high 

versus low dose chemotherapy, and chemotherapy type (e.g., standard chemotherapy vs. 

biological therapy).  Additionally, premorbid intelligence and psychological factors (e.g., 

depression, fatigue, and anxiety) may also influence cognitive outcomes.  Although there 

is some evidence for subjective and objective cognitive deficits associated with 

chemotherapy, the interaction between the two and the specific pathways of damage are 

not well understood.  While the pattern, magnitude, and cause of cognitive deficits in 

individuals with cancer have generated debate in the literature, chemotherapy-related 

changes are likely to involve separate but interacting psychosocial and physiological 

changes over the course of treatment (Hess & Insel, 2007).  Understanding these 

influences is particularly important as an increasing number of adults may experience 

adverse effects on their quality of life following treatment for cancer (Ahles et al., 2002; 

Raffa, 2011).  

     Given inconsistencies related to the nature and degree of cognitive deficit following 

chemotherapy, several meta-analyses have been completed to summarize the results of 

the literature.  These meta-analyses have largely focused on breast and testicular cancer. 

Jim et al. (2012) analyzed 17 studies examining breast cancer survivors who completed 

treatment with chemotherapy at least six months previously.  A larger meta-analysis by 

Linder et al. (2014) included 44 studies in which individuals were primarily diagnosed 

with breast or testicular cancer.  In addition to breast and testicular cancer diagnoses, 

Hodgson, Hutchinson, Wilson, and Nettelbeck (2013) included studies that examined 

individuals with lymphoma and leukaemia disorders.  Thirteen studies were included in 
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the meta-analysis.  Studies that included individuals with current mood or anxiety 

disorders or who had received therapies other than chemotherapy (e.g., hormone 

treatment, radiotherapy) were excluded.  

     The results of these meta-analyses have been inconsistent.  Deficits in verbal and 

visuospatial ability were found by Jim et al. (2012), whereas deficits in executive 

function and memory were found by Hodgson and colleagues (2013).  Linder et al. 

(2014) found that the nature of cognitive difficulties was dependent on the study design.  

In cross-sectional studies, deficits in immediate free recall, delayed memory, verbal 

memory, delayed recognition memory, selective attention, and attention capacities were 

found in chemotherapy treated cancer survivors compared to controls.  However, in 

longitudinal studies, no deficits were noted.  Participants in the treatment and control 

groups improved over time, with the greatest improvement demonstrated in the treatment 

group.    

     The focus of many of the meta-analyses that have been conducted has been on 

objective deficits identified through neuropsychological testing.  Hutchinson, Hosking, 

Kichenadasse, Mattiske, and Wilson (2012) included studies that assessed cognitive 

deficits through neuropsychological testing and self-reported measures.  The authors 

found that eight of the 24 studies included in the analysis reported an association between 

subjective and objective measures of cognition.   

     While there is evidence that chemotherapy may lead to molecular changes, ultimately 

leading to neuronal death, there is debate in the literature with respect to factors that 

increase individuals’ vulnerability to chemotherapy-related changes in cognitive function, 
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the pattern of neuropsychological test scores resulting from treatment, and the role of 

psychological factors.    

11.1  The Present Study 

     The present study is a Cochrane-style systematic review and meta-analysis of the 

literature examining cognitive deficits associated with chemotherapy.  The aim of this 

review is to determine whether adults receiving chemotherapy demonstrate decreases in 

cognitive functions associated with the frontal lobes (e.g., short-term memory, inhibition, 

working memory, processing speed, verbal fluency, simple attention, and planning) in 

comparison to control groups (e.g., those with cancer not treated with chemotherapy or 

healthy control groups) or pre-chemotherapy baseline cognitive scores.  The cognitive 

domains listed were chosen to be consistent with the frontal lobe hypothesis, adequately 

representing discrete frontal lobe functions (Diamond, 2013).  A secondary aim of the 

review was to determine whether there was evidence of subjective cognitive deficits and 

evidence of depression and anxiety in these same samples.  Studies examining any type 

of chemotherapy (e.g., cell-cycle nonspecific and cell-cycle specific) or chemotherapy 

used in any role (primary, neoadjuvant, and adjuvant) were included, as there were not 

enough data to allow for differentiation or exclusion based on these factors.  

     A Cochrane-style approach was chosen as reviews conducted following this approach 

have generally been shown to be of higher quality and contain less bias than other 

approaches (Olsen et al., 2001).  A benefit of the Cochrane approach is the assessment of 

bias associated with the studies that comprise the review.  As study quality may account 

for much of the variance in effect sizes across studies, the present study employed a 

measure of study quality that can be used for cross-sectional and longitudinal studies (i.e., 
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the Risk of Bias in Non-Randomized Studies (ROBINS-I)).  The main findings of the 

meta-analysis were also assessed for quality through the Cochrane GRADE analysis.  

Risk of bias, inconsistency, indirectness, imprecision, and publication bias were 

considered and a rating of overall quality of evidence was given.  By taking this 

approach, the current meta-analysis sought to clarify what effect, if any, chemotherapy 

has on frontal lobe functions, while also assessing the quality of research in this area.   

12. Method 

12.1  Overview 

     In accordance with the steps of a Cochrane review, the meta-analysis was conducted 

in the following sequence.  An electronic search strategy was formulated, identifying the 

relevant search terms (i.e., inclusion/exclusion criteria; Table 1) and databases (Appendix 

A).  Studies identified by the search were then sorted and relevant studies were identified 

by two independent raters.  Relevant data from each study were extracted (Appendix B), 

and the quality and risk of bias associated with each study were analyzed.  Then, the 

statistical analyses were conducted, which involved two main steps.  First, summary 

statistics were calculated for each study, representing the effects of chemotherapy on 

subjective and objective measures of cognitive function, and on anxiety and depression.  

Second, an overall treatment effect was calculated to summarize the findings associated 

with each individual study.  Then, depending on available data, sensitivity analyses were 

run to examine variables that may influence cognitive function (e.g., time since 

chemotherapy, biological chemotherapy).
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Table 1  

Inclusion Criteria Exclusion Criteria 

Study Design 

a. Between-subjects designs (i.e., 

healthy, cancer controls)  

b. Within-subjects designs 

 

Comparison group is population norms 

Participants/Treatment 

Adults (included > 65 years of age if 

dementia was excluded) 

Less than 18 years of age 

 

Chemotherapy, biological chemotherapy 

with or without surgery 

Previous/concurrent hormone, radiation 

Non-CNS cancer Brain damage (e.g., brain tumor, CNS 

surgery, CNS disease) 

Neuropsychological assessment/Data Collection 

Neuropsychological tests: short-term 

memory, inhibition, working memory, 

processing speed, verbal fluency, simple 

attention, and planning 

Studies examining the effect of a 

treatment on cognitive function 

Continuous data (e.g., scores associated 

with the frontal lobe functions and 

psychological domains listed above) 

Insufficient data to calculate SMD 
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12.2  Criteria for Considering Studies: Inclusion and Exclusion Criteria 

     12.2.1 Study design.  This review included studies that compared groups with cancer 

who received chemotherapy to control groups (i.e., healthy groups and groups with 

cancer not treated with chemotherapy), as well as including studies that examined pre- 

versus post-treatment effects of chemotherapy.  In other words, both between- (cross-

sectional) and within- (prospective, before and after) subjects designs were included, but 

these designs were analyzed separately.  To avoid artificially inflating the number of 

participants in the control group, between-subjects studies that did not employ a 

traditional control group were excluded (e.g., studies comparing results to normative data 

(N=1), or studies that summed the data of control groups used in other studies (N=1)).  

          12.2.2 Characteristics of groups/participants included in the meta-analysis.  

Studies in this review included those examining adults diagnosed with non-central 

nervous system cancer receiving chemotherapy whose frontal lobe functions were 

assessed objectively using neuropsychological assessment.  When available, subjective 

cognitive function, depression, and anxiety were also examined.  As such, studies with 

participants aged 18 years or older were included.  Studies with children were excluded 

for multiple reasons.  Children may respond to chemotherapy differently than adults 

(Annett, Patel, & Phipps, 2015; Askins & Moore, 2008; Stephenson, 2005).  Further, 

different neuropsychological tests are typically administered to children and adults.  

Additionally, children’s brains are developing, making the processes assessed different 

than those in adults, potentially increasing the variability associated with test 

measurement (Tonks, Yates, Williams, & Frampton, 2014).  Studies with older adults, 

aged 65 and up, were only included if participants with dementia (a potential 
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confounding factor) were excluded.  In addition to age-related exclusion criteria, studies 

including participants whose deficits may have been a result of brain damage (e.g., brain 

tumor, CNS surgery, CNS disease) were excluded, as it would be difficult to differentiate 

between cognitive deficits caused by chemotherapy and organic causes (Law, 2014).  

         12.2.3 Types of interventions.  Studies were included that examined the effect of 

any type of chemotherapy (e.g., DNA damaging, antimetabolites, DNA repair inhibitors, 

anti-tubulin agents; primary, adjuvant, neoadjuvant) on the cognitive function of 

individuals with cancer.  As cognitive deficits have been associated with a number of 

treatments for cancer (e.g., radiation, hormone therapy), the initial aim of the review was 

to include only studies wherein participants received chemotherapy as the sole agent.  

However, due to the small number of studies that included participants who received only 

chemotherapy, studies involving participants treated with surgery and chemotherapy or 

biological chemotherapy were also permitted.  Surgery was allowed as it is a localized 

treatment and is unlikely to negatively affect cognitive function at the post-chemotherapy 

neuropsychological assessment (Avidan & Evers, 2016).  Although biological 

chemotherapy is systemic and likely to influence cognitive function, biological 

chemotherapy was included as it is considered to be a type of chemotherapy; 

nevertheless, sensitivity analyses were conducted to assess the degree to which studies 

examining biological chemotherapy influenced the results.   

     Systemic treatments, other than chemotherapy or biological chemotherapy, which 

have been shown to be associated with cognitive deficits (e.g., hormone therapy) were 

excluded so as to better isolate the cognitive effects of chemotherapy alone (Tang et al., 

2012).  Studies examining the effect of a treatment (e.g., exercise, transcranial magnetic 
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stimulation) thought to improve cognitive function following chemotherapy, were also 

excluded when data on the direct effects of chemotherapy on cognitive function, without 

the effect of the treatment, were unavailable.  

     For studies in which participants’ treatment (e.g., chemotherapy only versus 

chemotherapy and radiation) was unclear, authors were contacted directly.  In cases 

(N=4) where the author could not be contacted or no response was provided, the raters 

were in agreement regarding the inclusion of the studies, based on the published 

information.  These four studies were included.    

     12.2.4 Types of outcome measures.  The primary outcomes were objective, including 

aggregate scores from neuropsychological tests of cognitive functions associated with the 

frontal lobes.  Specifically, scores of short-term memory, inhibition, working memory, 

processing speed, verbal fluency, simple attention, and planning were collected.  Self-

reported cognitive deficits and psychological outcomes were also examined for studies 

employing measures of subjective cognitive function, depression, and anxiety.  Studies 

that did not use neuropsychological tests to assess cognitive deficits were excluded.  

Studies were also excluded when there was insufficient published data for calculating 

the Standardized Mean Difference (SMD; see 13.1.1 for an explanation of the 

calculations and interpretation).  For example, studies were excluded if means or standard 

deviations/standard errors for individual tests were not provided, or if results were 

reported in the form of percentages or frequencies.  Studies were also excluded if there 

was no comparison group or condition, or if only data for variables that were not part of 

the current meta-analysis were reported (e.g., loneliness regressed on cognitive scores).  

Lastly, to avoid including results from the same participant multiple times from groups of 
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studies published using the same participants, the study that included the largest number 

of participants, while meeting the inclusion/exclusion criteria for the present meta-

analysis, was included.    

        12.2.4.1 Classifying neuropsychological tests under cognitive domains.  A number 

of cognitive processes are required to complete neuropsychological tests; however, there 

is typically one primary domain that is the focus of each test.  For example, a trail making 

test, involving connecting numbers in a sequential fashion, is considered to measure 

processing speed due to the timed component.  However, the test also requires simple 

attention to complete the task and working memory to determine the next number in the 

sequence.  As such, the neuropsychological tests of frontal lobe functions that were used 

in this meta-analysis were grouped based on the primary cognitive function assessed by 

each test (e.g., all tests that tapped the primary domain of short-term memory were 

analysed together; Appendix C).  Although there is some debate among researchers about 

the primary cognitive domain assessed by some neuropsychological tests, tests were 

categorized based on the primary domain noted by the test publisher’s manual or by a 

neuropsychological compendium (Spreen & Strauss, 1998).  When a manual was not 

available and the test was not described in a compendium, the test was categorized based 

on the results of studies assessing the convergent validity of the test.  If a test was highly 

correlated with tests that were already categorized, it was included under the same 

cognitive domain.  For example, a test that is highly correlated with measures of short-

term memory would be categorized as a measure of short-term memory.  To reduce 

heterogeneity due to the fact that data from multiple tests assessing the same cognitive 

domain were used, the smallest number of tests was used in the analyses.  That is, when 
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results from multiple tests under the same cognitive domain were published within one 

study (e.g., three neuropsychological tests assessing short-term memory), then the result 

of only the test most commonly used across studies was entered.  For example, if a study 

assessed short-term memory with the California Verbal Learning Test (CVLT) and CNS-

Vital Signs (CNS-VS) short-term memory scale, then the result from the CVLT was 

entered as more studies used the CVLT, or a variant, to assess short-term memory than 

the CNS-VS scale.  This method also prevents artificial inflation of the sample size due to 

multiple results being entered for the same participants.      

     When multiple post-chemotherapy assessments were conducted, the longest reported 

time frame was used.  However, when there was a risk of confounding from other 

treatments (e.g., later administration of hormone therapy in breast cancer patients), the 

time frame most likely to be free of confounding was used (e.g., assessment results 

immediately after chemotherapy termination prior to hormone therapy commencing). 

12.3 Procedure 

     12.3.1 Literature search and selection of studies.  An electronic search strategy was 

developed in consultation with librarians from St. Michael's Hospital in Toronto and the 

University of Regina (Appendix A).  Studies were included based on the above-outlined 

inclusion/exclusion criteria.  The following databases were used to find studies that fit the 

criteria: Embase (1947-current), PsycInfo (1806-current), Cochrane Central Register of 

Controlled Trials (CENTRAL; Medline is subsumed by CENTRAL and was not searched 

independently to avoid redundancy), Cumulative Index to Nursing and Allied Health 

Literature (CINAHL; 1937-current), Allied and Complementary Medicine Database 

(AMED; 1985-current), Open Access Theses and Dissertations (1990-current), and 
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ProQuest Dissertations and Theses (1861-current).  When meta-analyses or reviews were 

identified, reference lists were examined for studies that were not identified through the 

above search.  Duplicate studies were removed, as were articles that did not meet 

inclusion/exclusion criteria (e.g., pediatric patients; patients with dementia; summary data 

only from reviews, meta-analyses, critiques, or meeting minutes; only participants who 

did not have cancer; Figure 1).  Of the studies that remained, a search of studies citing 

these studies was conducted.  When new studies were identified, they were added to the 

list of potential studies.  Reference lists of all potential studies were then searched for any 

studies that had been missed.   

     Next, a second rater and I examined the remaining studies independently and excluded 

studies that did not meet the eligibility criteria.  Strong inter-rater reliability was found (κ 

= 0.84).  Then, the rater and I independently identified for removal all studies that had 

groups treated with chemotherapy and another modality (e.g., radiation therapy, 

hormonal therapy).  Agreement on the second phase of sorting was low (κ= 0.32).  Given 

that a fair amount of time had passed between when instructions for the 2
nd

 phase were 

given and when the task was completed, it is likely that some of inclusion/exclusion 

criteria had been missed, contributing to the low agreement.  Disagreements that occurred 

during each phase were resolved through discussion.  A total of 19 studies were included 

in the meta-analysis.    

12.4 Data Extraction 

 

     A standardized data extraction form (see Appendix B) was used to collect the 

following data.  To ensure that data collection was comprehensive, the Cochrane PICOS  
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Figure 1. Study flow diagram 

* Reasons for exclusion:
 
Pediatric patients, patients with dementia, summary data (e.g., reviews, 

meta-analyses, critiques, meeting minutes), groups who did not have cancer, no 

neuropsychological tests, groups not treated with chemotherapy, mixed diagnoses where some 

groups did not have cancer, no comparison condition or group (e.g., no baseline, no control 

group). 
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approach (Participants, Interventions, Comparisons, Outcome, and Study design) was 

used (Higgins & Green, 2011).  The main components of a research paper are included in 

the Cochrane PICOS approach, which ensures that all relevant data are collected. 

       12.4.1 General study information.  The following general study information was 

collected:  basic information needed to identify the journal article (e.g., title, author, 

journal, year of publication, contact details of the corresponding author), demographic 

information about the study (e.g., country in which the research was conducted, language 

in which it was written), declared conflict of interests, and research ethics approval.  

       12.4.2 Participants.  Participants’ demographic information (e.g., age range, mean 

age, sex, ethnicity/country, and years of education range/mean) and information related to 

the participants’ diseases (e.g., diagnosis, disease stage, recurrent versus single cancer 

diagnoses) were recorded.  Information about participant recruitment and participation in 

the study was also collected (e.g., inclusion/exclusion criteria, sample size, reasons for 

drop-outs/non-completers, facility type (e.g., community, hospital)). 

       12.4.3 Interventions.  The details of the interventions were collected, including the 

names of the drugs, doses (high versus low dose chemotherapy), types of adjunct therapy 

(e.g., hormonal, biological chemotherapy, radiation, and surgery).  Similar information 

was recorded for follow-up assessments; as well, the lengths of time since treatments 

were terminated were noted. 

     12.4.4 Comparisons.  Similar to the information collected for groups receiving 

chemotherapy, information on healthy or cancer controls (depending on the study design) 

was also collected.  Such information included the type of intervention (if any), 

duration/schedule of treatment (if any), recruitment strategies, and participant 
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demographics.  

     12.4.5 Outcomes.  Outcome measures were scores associated with frontal lobe 

functions following chemotherapy as measured by neuropsychological tests.  

Specifically, the following types of data describing cognitive function were collected, as 

available: statistical significance tests and associated p values (e.g., t-tests, ANOVAs), 

effect sizes, standard deviations, standard errors, and methods to control for multiple 

analyses.   

     Provided sufficient data were identified in the meta-analysis, tests were grouped under 

the following categories: short-term memory, inhibition, working memory, processing 

speed, verbal fluency, simple attention, and planning.  Scores from self-report measures 

were also recorded for the purpose of describing the potential impact chemotherapy has 

on subjective cognitive function, depression, and anxiety within these samples.  

     12.4.6 Study design and measures.  The type of study design, the aim of the study, 

and the main findings were recorded.  Tests used to objectively and subjectively assess 

cognitive function (e.g., neuropsychological tests, batteries, and self-report 

questionnaires) were recorded.  

13. Meta-Analysis Approach 

13.1  Outcome Analyses  

      Cochrane Review Manager Software (RevMan 5.3) was used for conducting the 

analyses.  Neuropsychological test outcome data were analyzed using the following 

categories: short-term memory, inhibition, working memory, processing speed, verbal 

fluency, simple attention, and planning (Appendix C).  Subjective cognitive function, 

depression, and anxiety were also analyzed as outcomes.  The outcome data were 
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analyzed as fixed and random effects models, grouping studies by design method—that 

is, within-subjects and between-subjects designs were analyzed separately.  For between 

designs, comparisons with healthy versus cancer controls were examined separately 

(Morris & DeShon, 2002).  As age and education are known to influence cognitive 

outcomes on neuropsychological measures, the groups that comprised the samples 

included in this study were compared on these demographic variables.  Specifically, 

ANOVAs were conducted with group (e.g., chemotherapy, cancer but no chemotherapy, 

healthy) as the independent variable and age or years of education as the dependent 

variable to determine if group differences on these variables could account for the meta-

analytic findings.   

13.1.1 Converting to a common effect size.  To determine the size of the 

difference between groups (e.g., groups receiving chemotherapy versus a healthy control 

group), or across sessions (e.g., pre versus post chemotherapy), a common effect size was 

calculated so that the results of the differing studies could be compared and summarized. 

The common effect size is referred to as the mean difference (MD) or the standardized 

mean difference (SMD). For the present meta-analysis, the standardized mean difference 

was calculated, as all of the domains reported means of different scales (e.g., z-scores, 

standard scores; Higgins & Green, 2011).   

     There are two models for calculating the SMD, fixed and random.  Fixed effect 

models are based on the assumption that there is one true effect size and that, due to 

chance, studies report effect sizes that vary from the true effect (Higgins & Green, 2011).  

Conversely, random effects models are based on the assumption that there may be 

multiple true effect sizes.  For example, due to differences between studies, such as 
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participant demographics and study design, multiple true effects may exist.  As such, 

random effects models account for both within- and between-study variance (Higgins & 

Green, 2011).  For the present meta-analysis, both fixed and random effects models were 

used, with the aims of completing a comprehensive review and allowing for comparison 

with the results of previous meta-analyses, regardless of the type of analysis previously 

performed (i.e., random or fixed).   

13.1.2 Calculating the SMD (Fixed and Random Effects) for each study.  The 

first step in calculating the overall SMD—the summary of effect sizes across studies—is 

to calculate the SMD for each study included in the meta-analysis.  In order to calculate 

the SMD, the pooled standard deviation of both groups or conditions in the study was 

calculated.  For example, the standard deviation of the chemotherapy group was 

combined with the standard deviation of the cancer control group using equation one, as 

follows:  

(1) 

Ni =   Total number of participants in both groups or at both time points.  

n1i =  Sample size for group 1 or pre-chemotherapy administration  

n2i =  Sample size for group 2 or post-chemotherapy administration  

si =    Pooled standard deviation across both groups in the study (between  

         subjects) or pooled standard deviation across pre and post chemotherapy   

         administration (within-subjects).  

sd1i = Standard deviation for group 1 or pre-chemotherapy administration 

sd2i = Standard deviation for group 2 or post-chemotherapy administration  

 

Deeks & Higgins, 2010, p. 3 
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Once the pooled standard deviation was calculated, the SMD for each study (SMDi) was 

calculated with equation 2, outlined below.  The SMDi calculated for the current meta-

analysis was Hedges g.  It is similar to Cohen’s d (part A of equation two); however, 

Hedges g includes a correction for small sample sizes (part B of equation two).  As most 

of the meta-analyses included studies with sample sizes smaller than 20 participants, 

Hedges g was chosen (Turner & Bernard, 2006).  The effect sizes were interpreted as 

follows: small (0.2), medium (0.5), or large (0.8; Cohen, 1988).  

   (2) 

         Part A                   Part B 

 

SMDi = SMD for each study 

m1i =     Mean for group 1 or pre-chemotherapy administration  

m2i =     Mean for group 2 or post-chemotherapy administration 

Ni =      Total number of participants in both groups or at both time points.  

 

Deeks & Higgins, 2010, p. 3 

 

Hypothetically, if more sample sizes were drawn from the population and more meta-

analyses were completed, the effect size would vary to some degree from the SMD of this 

meta-analysis.  Therefore, 95% confidence intervals were calculated providing a range 

the SMD would fall between 95 out of 100 times if the difference was not statistically 

significant.  The confidence intervals were calculated with equations 3 and 4.  First, the 

standard error for each study was calculated (equation three) and then the standard error 

was used to calculate the confidence interval (equation four).   
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   (3) 

SE =      Standard error 

SMDi = SMD for each study 

Ni =       Total number of participants in both groups or at both time   

              points 

n1i =      Sample size for group 1 or pre-chemotherapy administration  

n2i =      Sample size for group 2 or post-chemotherapy  

administration  

 

Deeks & Higgins, 2010, p. 3 

 

 

CI  =  SMDi +/- 2(SE{SMDi})     (4) 

CI = Confidence interval 

 SMDi = SMD for each study 

SE{SMDi} = Standard error for each study  

Following the calculation of the SMD for each study, the overall SMD was calculated.  

As all of the data were continuous and the inverse-variance fixed-effect and inverse-

variance random-effects methods were both employed, the weights for each individual 

study were assigned in inverse proportion to the variance (see equation five; Higgins & 

Green, 2011).   

wi  =    1/ SE
2                            

             (5)  

 

wi = Weights for individual studies for fixed effects models 

         SE = Standard error 

              

As such, larger studies were given more weight as they have smaller standard errors and 

smaller studies would be given less weight as they have larger standard errors (Higgins & 

Green, 2011).  For fixed effects models, equation 5 was used to calculate the weights for 

individual studies.  For random effects models, a measure of between study variance 



 

 

64 

(Tau
2
) was added to the standard error, as indicated in equation six.  The square root of 

Tau
2
 is the estimated standard deviation across studies.  

 wi  =    1/ (SE
2
 + Tau

2 
)   

                        
                                              (6) 

wi  =Weights for individual studies for random effects models 

Once the studies were given the appropriate weight in the meta-analysis, the overall 

standardized mean difference (SMDoverall) was calculated.  First, the weighted SMD was 

calculated by summing the product of the SMD for each study and the weight (equation 

seven).  

   SMDweighted = Σ (wi *SMDi)                        (7) 

 

SMDweighted = SMD multiplied by the weight of individual studies 

wi   =  weights for individual studies 

SMDi = SMD for individual studies 

 

Then, the SMDoverall was calculated.  The SMDoverall is equal to the SMDweighted divided by 

the sum of the individual study weights, as given in equation eight.  

SMDoverall = SMDweighted / Σ wi                       (8) 

SMDoverall =   SMD for meta-analytic outcome 

SMDweighted = SMD multiplied by the weight of individual studies 

wi   =              Weights for individual studies 

 

Confidence intervals were calculated for the SMDoverall using equation nine.  The 

combined standard error (SEcombined), required for the calculation of the confidence 

intervals, was calculated for the SMDoverall using equation ten. When the confidence 

interval of SMDoverall does not include zero, it indicates a statistically significant result.   

CI = SMDoverall +/- 2(SEcombined)                                                 (9) 

CI=                   Confidence interval 

SMDoverall =      SMD for meta-analytic outcome 
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SEcombined =       Standard error for meta-analytic outcome 

SEcombined = 1/√wi                                                                                                   (10) 

SEcombined = Standard error for meta-analytic outcome 

wi   =  Weights for individual studies 

 

     13.1.3 Preparing data for the calculation of the SMD.  The SMD is standardized 

such that the measurement (e.g., mean z-scores or standard scores) does not influence the 

magnitude of difference between means.  While the SMD adjusts for differences in 

scales, it does not account for differences in the direction of the scale.  For ease of 

interpretation, scores were entered such that lower scores were reflective of worse 

cognitive functioning or higher levels of depression, anxiety, or subjective cognitive 

dysfunction.  When results within the same meta-analysis were measured on scales with 

opposite directions (e.g., 0=worst working memory versus 0=best working memory), the 

mean score was subtracted from the maximum possible score.  When the maximum 

possible score was unknown or the mean was not of raw test scores (e.g., mean z-scores), 

the means were multiplied by -1.  

13.2  Assessment of Heterogeneity 

     Heterogeneity of the studies was assessed using the guidelines provided in the 

Cochrane Handbook for Systematic Reviews of Interventions.  Specifically, forest plots 

were created and effect estimates were inspected visually.  Forest plots represent 

estimates of the true effect and confidence interval of each study included in the meta-

analysis, as well as an overall mean effect size.  Statistically, the Q statistic, represented 

as a chi square distribution and by Chi
2
 in the forest plots, was calculated to assess the 

statistical significance of the heterogeneity (equation 11).   
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QIV = Σ(wi * SMDi
2
) – (Σ{wi*SMDi}) 

Σ(wi)    (11) 

 

QIV = Q statistic calculated for a meta-analysis using inverse variance  

methods 

SMDi = SMD for each study 

wi   =  weights for individual studies 

 

 

A statistical significance level of p < .05 was used to indicate the statistical significance 

of tests of heterogeneity.  Statistically non-significant results indicate that the sample is 

homogenous.  

     If the heterogeneity is significant, I
2
 is calculated with equation 12 to quantify the 

amount of heterogeneity.  

   (12) 

QIV = Q statistic calculated for a meta-analysis using inverse variance  

methods 

k = number of studies in the meta-analysis  

 

The I
2
 statistic was used to quantify heterogeneity (e.g., I

2
 < 30%, low heterogeneity; I

2
 > 

30%, moderate heterogeneity; I
2
 > 75% considerable heterogeneity; Higgins & Green, 

2011).  When heterogeneity was identified, sensitivity analyses were conducted to 

explore reasons for the heterogeneity. 

13.3  Proposed Sensitivity Analyses 

     The purpose of sensitivity analyses is to explore heterogeneity (Higgins & Green, 

2011).  For example, if a large effect size (SMDoverall) is found with a considerable 

amount of heterogeneity, the heterogeneity decreases confidence in the finding.  Reasons 
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for the heterogeneity are therefore explored with the goal of characterizing the variance.  

After forest plots were inspected for each cognitive domain, sensitivity analyses were run 

for domains in which there was a moderate to high level of heterogeneity (I
2
 > 30%, 

moderate heterogeneity; I
2
 > 75% considerable heterogeneity; Higgins & Green, 2011).  

To conduct a sensitivity analysis, variables that may influence neuropsychological test 

scores were systematically explored one at a time by removing studies that included 

conditions or groups with the variable.  For example, to conduct a sensitivity analysis for 

the effects of biological chemotherapy on short-term memory, all studies that included 

participants treated with biological chemotherapy were removed.  If the results of the 

sensitivity analysis differ from the initial meta-analysis (e.g., heterogeneity decreases, the 

statistical significance of the result changes), which included both biological and non-

biological forms of chemotherapy, then biological chemotherapy is considered to have an 

influence on the degree of short-term memory difficulty. 

     Several variables have been shown to influence neuropsychological test scores, and 

thus sensitivity analyses were initially proposed to examine whether or not these 

variables accounted for the heterogeneity that was observed in the primary analyses.  

These variables included: biological chemotherapy, the specific neuropsychological test 

administered, risk of bias, time since chemotherapy (i.e., less than or greater than 6 

months), sex (male versus female), cancer type, age (≥ 65 years), education (greater or 

less than 12 years of education), and psychological variables (i.e., subjective cognitive 

function, depression, and anxiety).  However, a number of the sensitivity analyses could 

not be conducted.  There was only one study that was rated as low risk of bias, so 

sensitivity analyses could not be run based on risk of bias. Several sensitivity analyses 
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could not be run because the studies could not be separated by the factor of interest (e.g., 

sex, education, and age).  For example, many of the studies included only females, while 

others included both males and females such that sensitivity analyses could not be 

conducted with only women or only men.  Similarly, age and education could not be 

examined through sensitivity analyses as the data were reported in different formats (e.g., 

ranges, means).  As such, studies could not be divided into younger versus older groups 

or more versus less education.   As the number of meta-analyses and the number of 

sensitivity analyses was large and may increase the chance of a type 1 error, sensitivity 

analyses were only conducted on variables that were identified a priori.  

     Of the sensitivity analyses that could be run, it was initially proposed that all of the 

sensitivity analyses would be conducted for each cognitive outcome; however, due to 

missing data or too few studies within a cognitive domain, only a subset of sensitivity 

analyses could be conducted for each cognitive outcome.  For example, if a few studies 

within a cognitive domain did not report on the variable needed for the analysis (e.g., 

length of time since chemotherapy), there was no method that could be used to conduct 

the analysis for that domain (Higgins & Green, 2011).  Sensitivity analyses could also not 

be run for psychological variables (e.g., subjective cognitive function, depression, and 

anxiety), as there were too few studies that measured these constructs.   

13.4   Risk of Bias 

     Risk of bias was assessed using the Cochrane Risk of Bias in Non-Randomized 

Studies of Interventions (ROBINS-I) tool (Sterne et al., 2016), which can be used to 

assess several different types of study designs including cohort, case-control, and cross-

sectional research (Sterne, Higgins & Reeves, 2016; Appendix D).  Two raters 
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independently completed a risk of bias assessment for each study included in the meta-

analysis.  Results were compared, and when disagreements occurred, these disagreements 

were discussed by the raters and agreement was reached.  A third rater did not need to be 

consulted as agreements were able to be reached between the two raters.  

     The ROBINS-I tool is divided into several stages of assessment.  Initially, a target 

randomized trial was developed which described the ideal study for addressing the 

present study’s hypothesis.  According to Sterne et al. (2016), the target randomized trial 

does not have to be plausible or ethical, rather its purpose is to create an ideal in which 

actual studies are compared against with the goal of highlighting areas of potential bias.  

For example, in the present study, ideally a specific type of cancer would have been 

randomly given to participants of the same age, sex, and education.  The cancer would be 

at the same stage for all, and the participants would be blind to whether or not they were 

treated for cancer.  Treatment regimens would have been assigned randomly and then 

compared.  Variations from this ideal protocol in actual studies, such as a lack of 

randomization in the development of cancer and subsequent treatment, represent areas of 

potential bias.  A target randomized trial was also developed for each study, presenting an 

ideal situation for addressing the hypothesis in various study designs (e.g., ideal cross-

sectional design, ideal longitudinal design).  Again, variations in actual studies from the 

ideal study likely represented bias.  After considering the ideal study, the actual studies 

were evaluated.  The degree to which a list of potential confounders (e.g., age, sex, and 

education) may have affected the results of the study was evaluated.  For example, age 

may be considered more problematic in a study comparing participants who were 65 

years old to those 30 years old than in a study comparing participants who were 65 years 
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old to participants who were 60 years old.   

     Subsequently, each study was assessed for seven domains of bias: bias due to 

confounding, bias in selection of participants into the study, bias in classification of 

interventions, bias due to departures from intended interventions, bias due to missing 

data, bias in measurement of outcomes, and bias in selection of the reported result.  

Under each overarching domain are statements that are rated individually that target 

different facets of each bias.  Once ratings were given for each statement, the overall 

level of bias for the domain was considered and given one of the following ratings: low 

risk of bias, moderate risk of bias, serious risk of bias, critical risk of bias, or no 

information about the risk of bias was provided by study authors.  

     The first domains reflect sources of bias that may have been introduced prior to 

administration of chemotherapy.  Bias due to confounding involves participant 

characteristics that were present at baseline that may influence treatment, 

neuropsychological assessment, and subsequent results (e.g., age and cancer stage).  Bias 

due to selection of participants into the study involves potential bias in the way 

participants were assigned to groups (between-subjects designs) or were included in the 

initial sample (within-subjects designs).   For example, eligible participants who were not 

included in the study would likely represent a bias.  Bias due to departures from intended 

interventions covers bias that may have been introduced at the time of chemotherapy 

administration.  Variations in treatment that may have influenced results were noted (e.g., 

participants were given differing chemotherapy regimens, participants did not complete 

the planned number of cycles of chemotherapy).  The remaining domains cover bias 

introduced at follow-up or in the presentation of results.  Participants tested at baseline 
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but not included in the follow-up analysis may have been a source of bias, depending on 

the reasons for attrition (e.g., declining post-chemotherapy neuropsychological 

assessment due to worsening cognitive function and feeling too overwhelmed to complete 

the study).  Bias in measurement of outcomes was associated with the validity of the 

neuropsychological assessments.  For example, practice effects may have interfered with 

the ability to detect cognitive decline due to chemotherapy in repeated measures designs.  

Lastly, in assessing bias in reported results, raters considered the completeness of the 

published data.  For example, if a large sample was tested but only data from a subset was 

reported in the article, then bias is likely.  Similarly, if a comprehensive 

neuropsychological assessment was conducted but only subsets of the test results were 

reported, then it may have represented bias (Appendix E).       

13.5   GRADE Approach 

     Criteria for grading the overall quality of evidence in a meta-analysis were developed 

by the Grades of Recommendation, Assessment, Development and Evaluation Working 

Group (GRADE; Higgins & Green, 2011).  The purpose of the assessment is to quantify 

the certainty that the statistically significant results represent the hypothetical true effect 

size (fixed effects) or multiple true effect sizes (random effects) within the population.  

For example, if the meta-analysis revealed a statistically significant decrease in short-

term memory following chemotherapy, the GRADE approach allows a qualifying 

description of the level of certainty that short-term memory deficits following 

chemotherapy were due to the treatment (i.e., chemotherapy) and not due to another 

systemic factor (e.g., population assessed, age, education, type of chemotherapy, an 

unidentified variable). 
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     Consistent with the Cochrane methodology, outcomes are assigned one of four levels 

of quality (i.e., high, moderate, low, or very low; Higgins & Green, 2011).  Randomized 

and observational studies are assigned high and low levels of quality, respectively.  These 

levels are subsequently up- or down-graded depending on several factors.  A decision to 

downgrade the quality of evidence is based on the following five factors: study quality, 

inconsistency, directness, imprecision, and publication bias.  Study quality refers to 

potential bias assessed with the ROBINS tool described above.  Inconsistency refers to 

systematic, rather than random, variations across studies, and includes consideration of 

effect size, overlap of confidence intervals, and amount of heterogeneity.  Imprecise data 

refers to the comprehensiveness of the studies included in the meta-analysis, with few 

studies suggesting imprecision in measurement of the outcome.  Lastly, publication bias 

refers to the likelihood that results found by researchers were not included in the current 

meta-analysis due to lack of publication of null results.  

     A decision to upgrade the quality of evidence for an outcome would be considered in 

cases in which there was a strong association found between treatment and cognitive 

deficits, with few confounding variables.  Or upgrading could occur in cases where 

confounding variables were probable, but their presence decreased the chance of finding 

a significant result, yet a significant finding was obtained.  Lastly, strong evidence of a 

dose response gradient would also be reason to increase the quality of the evidence.  For 

example, if cognitive deficits reliably worsened in proportion to the amount of 

chemotherapy administered (Higgins & Green, 2011).     

     13.5.1 Assessing publication bias.  Initially, it was proposed that publication bias 

(i.e., the tendency to only publish studies with statistically significant findings, which can 
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lead to spurious results in meta-analyses) would be assessed through funnel plots 

(Higgins & Green, 2011).  Funnel plots are scatterplots representing numerous studies, 

wherein each study’s effect size is plotted on the X-axis and a measure of sample size is 

plotted on the Y-axis.  If a plot is asymmetrical, it indicates that studies may have been 

missing from the meta-analysis as a consequence of not being published.  Although there 

were 19 studies in total, only 10 or fewer studies were included under each domain.  

According to Higgins and Green (2011), it is suggested that funnel plots be visually 

inspected only if they include more than 10 studies.   

  Other methods of assessing publication bias were not implemented due to the 

small number of studies and the fact that they are not recommended for Cochrane reviews 

(Higgins & Green, 2011).  The Trim and Fill method, in which smaller studies on the 

periphery of the funnel plot are trimmed and replaced around what is considered to be the 

true center of the funnel plot, was not employed.  An assumption of the Trim and Fill 

method is that the funnel plots are symmetrical, but there were too few studies in the 

present meta-analyses to assess symmetry.  Furthermore, for a number of the analyses 

heterogeneity was moderate to considerable, which is a contraindication for the Trim and 

Fill method (Higgins & Green, 2011).  Egger’s regression is another means of assessing 

publication bias, but it too was not employed, as there was insufficient power with 10 or 

fewer studies in each analysis (Egger, Smith, Schneider, & Minder, 1997; Higgins & 

Green, 2011).  Lastly, a version of the fail safe N, proposed by Gleser and Olkin (1996), 

estimates the number of studies not included in a meta-analysis.  The estimation is based 

on the assumption that meta-analyses tend to include studies with the smallest p-values; 

therefore the study with the largest p-value included in the meta-analysis serves as the 
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basis for determining the number of unpublished studies not included.  As there are a 

number of models for calculating the fail safe N (e.g., Begg & Berlin, Iyengar & 

Greenhouse, Orwin, 1983, Rosenthal, 1979), resulting in varying estimates, versions of 

the fail safe N are not recommended for Cochrane reviews and are therefore not 

conducted as part of this meta-analysis (Higgins & Green, 2011; Lyengar & Greenhouse, 

1988).  

14. Results 

14.1  Study Characteristics 

     A total of 1324 participants across nineteen studies were included in the meta-analysis 

(Table 2).  Studies included in the meta-analysis were primarily conducted and completed 

by researchers in North America, as well as Europe and Asia.  Data were collected 

chiefly in hospitals or medical facilities (N=12); however a number of studies did not 

report the setting (N=7).  The majority of the studies were published since 2011.   

     Generally, the studies included in the meta-analysis reported: obtaining ethical 

approval (84.2% obtained ethical approval; 15.8% failed to mention obtaining approval), 

receiving informed consent from participants (94.7% reported obtaining informed 

consent; 5.3% did not mention obtaining consent), and having a funding source (78.95% 

reported a source; 21.05% reported no source).  Of the studies with a reported source of 

funding, the majority (86.67%) of studies had sources that are likely to be unbiased (e.g., 

government agency, cancer society) and two studies (13.33%) had at least partial funding 

from sources that may have a potential to be biased (i.e., pharmaceutical company, 

biotechnology company).  Several study designs were included in the meta-analysis.  The  
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Table 2 

 

Study Characteristics 

Researcher’s Affiliated 

Continent 

Number of Studies Percentage 

North America 10 52.63 

Europe 6 31.58 

Asia 3 15.79 

Continent where Research was Conducted  

North America 8 53.33 

Europe 7 46.67 

Asia 2 10.53 

Unspecified 2 10.53 

Study Design   

Within-subjects 10 52.63 

Between-subjects  5 26.32 

Mixed Measures (within 

& between-subjects) 

4 21.05 

Year Study was Published  

1987-1992 1 5.26 

1993-1998 0 0 

1999-2004 2 10.53 

2005-2010 5 26.32 

2011-2016 11 57.89 
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majority of studies were within-subjects designs (i.e., assessed pre- and post- 

chemotherapy). Refer to Table 2 for a summary of these study characteristics.   

14.2   Participant Characteristics  

    To determine whether or not there was a difference in age between the groups, an 

ANOVA was run.  Levene’s statistic indicated that the assumption of homogeneity of 

variances was violated, F(2, 937) = 20.69, p < .001.  As such, Welch’s ANOVA was run 

to account for the difference in variances; adjusted omega squared was calculated for the 

effect size.  Welch’s ANOVA was statistically significant, indicating that age was 

different between the groups, F(2, 159.21) = 12.23,  p <.001, est. ω
2
 = .02.  To test 

whether or not the differences in mean ages were statistically significant between each 

pairing of groups, the Games-Howell post-hoc test was run, which is robust to a violation 

of the assumption of equal variances.  This test showed that the chemotherapy group was 

older than the healthy (p <.001) and cancer (p = .02) control groups.  No difference was 

found between the healthy and cancer control groups (p = .61; Table 3).   

     The level of education was difficult to compare across studies, as only 11 of the 20 

studies reported a level of education in terms of a mean or a frequency count of 

participants attaining greater than or less than Grade 12 (Table 3). For the studies that 

reported education (in years), an ANOVA was run to determine if there were differences 

between the chemotherapy and control groups.  The Levene’s statistic was statistically 

significant, suggesting that the assumption of homogeneity of variances was violated, 

F(2, 506) = 70.47, p < .001.  As such, Welch’s ANOVA was run, and indicated that the   
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Table 3 

Characteristics of Participants or Groups Included in the Meta-Analysis 

 Chemotherapy Cancer Control
a
 Healthy Control 

Mean age in years 

(SD)  

52.77 (9.08) 

n=700 

49.09 (10.35) 

n=65 

50.37 (5.38) 

n=175 

Education    

Mean education 

in years 
b,c

  

(SD)  

12.99 (1.69) 

n=379 

14.54 (0.59) 

n=45 

12.17 (1.73) 

n=85 

Education 

Grade
d
: 

Frequency 

<12:  n=170  

>12:  n=148 

<12: n=13  

>12: n= 47 

not reported 

Sex: frequency (percentage)   

Female n=793 (74.39) n=22 (28.21) n=154 (85.56) 

Male n=273 (25.61) n=56 (71.79) n=26 (14.44) 

Ethnicity across all conditions/groups: frequency (percentage)
e
  

Caucasian 333 (66.33) 

Asian 95 (18.93) 

Hispanic 16 (3.19) 

Black 13 (2.59) 

Other 45 (8.96) 
Note. The number of participants represented in each category in the table reflect the number of participants with useable data for the 

respective category, not the total number of participants included in the meta-analysis.   

a  
The cancer control group is comprised of groups with cancer who were not treated with 

chemotherapy
 

b 
The chemotherapy group was older than the healthy control group (p < .001 level) and 

the cancer control group (p < .02) 
c
 Includes studies wherein education was reported as a mean 

d
 Includes studies wherein education was reported as a frequency  

e
 Of the studies reporting ethnicity, the majority were within-subjects designs.  One study 

was cross-sectional, but did not differentiate between chemotherapy and cancer controls.   
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level of education differed between the chemotherapy and control groups, F(2, 152.34) = 

109.65,  p <.001, est. ω
2
 = .30.  As homogeneity of variance was not assumed, a Games- 

Howell test was run to examine the pairwise comparisons; the chemotherapy and healthy 

control groups (p < .001), the chemotherapy and cancer control groups (p < .001), and the 

healthy and cancer control groups (p < .001) were different from each other. Specifically, 

the cancer control group had the most education, followed by participants in the 

chemotherapy and the healthy control groups (Table 3). 

     Ethnicity was not reported in the majority of studies (N=11).  When ethnicity was 

reported, it was typically reported for the entire sample and not differentiated by group 

(e.g., chemotherapy, cancer, healthy).  Of the studies in which ethnicity was reported, the 

majority of participants were Caucasian (Table 2).  Sex was generally reported in the 

studies; when sex was not explicitly reported in samples of participants with breast 

cancer, all were assumed to be women.  A chi-square test was calculated comparing the 

number of men and women in each group; Cramer’s V was calculated for effect size.  The 

numbers of men and women in each group differed, χ
2
 (2) = 95.24, p <.001, V

 
= .19 

(Table 3).  A post-hoc analysis was run by calculating the difference between the 

obtained and expected values and standardizing the residuals using the equation below 

(Sharpe, 2015). 

         Adjusted Residual =                                       (O-E) 

                     √E*(1-RowMarginal/n)*(1-ColumnMarginal/n)               (13) 

 

O = Obtained value 

E = Expected value 

RowMarginal = Marginal frequency for row 

ColumnMarginal = Marginal frequency for column 

n =  Total number of cases across all cells 
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A Bonferonni correction was applied such that adjusted residuals equal to or greater than 

+/- 2.39 were considered statistically significant.  The number of males and females in 

the chemotherapy groups did not differ (adjusted residual for males = -2.0; adjusted 

residual for females = 2.0).  The number of males and females in the cancer control 

groups and the healthy control groups differed statistically significantly (adjusted residual 

for cancer control males = 9.2; adjusted residual for cancer control females = -9.2; 

adjusted residual for healthy control males = -4.0; adjusted residual for healthy control 

females = 4.0).   

14.2.1 Characteristics of participants.  A total of 1109 participants treated with 

chemotherapy were included in the meta-analysis.  A total of 237 participants withdrew 

from the studies included in the meta-analysis.  Control groups included healthy 

participants (n= 175) and participants with cancer who were not treated or were treated 

only with surgery (n= 65) or radiotherapy only (n=1; Skaali et al., 2011).  Descriptions of 

healthy participants were not well defined in most studies, but included volunteers, 

community members who responded to advertising, hospital staff, and friends or relatives 

of participants with cancer.  

     Reasons for withdrawal from studies included death, recurrence or progression of 

cancer, complications of treatment (e.g., severe toxicity, intolerance of chemotherapy, 

change in treatment protocol, did not complete the treatment protocol), and participant 

variables (e.g., moved, too busy, developed mental illness, found neuropsychological 

assessments too stressful, could not be scheduled for an assessment). 

     The most common cancers, among participants treated with chemotherapy, were 

breast and female reproductive cancers (e.g., cervical, ovarian, uterine; Table 4).   
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Participants in the cancer control groups were diagnosed with breast cancer, 

hematological, and testicular cancers.  Of the participants treated with chemotherapy, the 

majority was classified as unknown (48.15%; Table 4).  Fewer participants were 

classified as stage 1 or 2 (27.86%) or stage 3 or 4 (23.99%).  Of the participants in the 

cancer control group, the majority was stage 1 or 2 (50.31%), with the next largest group 

classified as unknown (42.94%).  Fewer were classified as stage 3 or 4 (6.75%). 

     For a large percentage of the studies, there was no indication whether or not 

participants had a previous cancer diagnosis and treatment.  Specifically, in nine studies 

there was no mention of previous diagnosis or participants were described as “newly 

diagnosed”, but it was unclear if it was a first diagnosis or if participants were newly 

diagnosed for the type of cancer being studied.  In four studies, the researchers stated that 

participants had no previous diagnosis of cancer or treatment with chemotherapy, and in 

four studies the researchers reported that participants had no previous exposure to 

chemotherapy.  In two studies, participants were mixed with some participants reporting 

recurrent cancer and some having no previous diagnosis of cancer.  In within-subjects 

designs, the amount of time between baseline and the longest follow-up assessment was 

varied, ranging from mid-chemotherapy treatment to 12 months (M = 4.84, SD= 4.31).   

     A variety of chemotherapy agents were used across studies (Table 5).  Doxorubicin, 

Cyclophosphamide, Etoposide, Vincristine, 5-Fluorouracil, and Docetaxel were the most 

commonly reported drugs used in the studies.  In a small number of studies, biological 

chemotherapy drugs were used (e.g., Interleukin 2, Interferon; Table 5).  In seven studies 

specific details about the number of cycles of chemotherapy given to participants were 

not reported.  Of the studies in which the details of chemotherapy administration were  
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Table 4 

Characteristics of Participants with Cancer 

Type of Cancer 

 

Chemotherapy 

 (percentage) 

Cancer Control 

(percentage) 

Breast  374 (33.72)  24 (28.92) 

Cervical, ovarian, 

peritoneal, uterine 

293 (26.42)  

Gastrointestinal 117 (10.55)  

Testicular 106 (9.56) 45 (54.22) 

Hematological  70 (6.31) 14 (16.87) 

Renal cell 55 (4.96)  

Lung 27 (2.43)  

Melanoma 26 (2.34)  

Other 
a
  41 (3.70)  

Stage of Cancer   

1 or 2 309 (27.86) 82 (50.31) 

3 or 4 266 (23.99) 11 (6.75) 

Unknown/ Not 

reported
b
 

534 (48.15) 70 (42.94) 

a
 Other includes pancreatic, gallbladder, and Ewing sarcoma.  Several studies 

reported an “other” category, but did not define the cancers that comprise this 

category.  
b
 Includes studies reporting the stage as “unknown”, studies that did not report 

stage, studies that reported “early stage” but did not define the term, or studies that 

reported mixed stages (e.g., 2 to 4). 
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Table 5 

Treatment of participants who received chemotherapy 

Chemotherapy Drugs Number of Studies 

Doxorubicin, Hydroxydaunorubicin, Adriamycin 13 

Cyclophosphamide 11 

Etoposide, VePesid, Toposar, Etopophos 7 

Vincristine, Oncovin 5 

5-Fluorouracil, Fluorouracil 5 

Docetaxel, Taxotere 5 

Bleomycin  4 

Carboplatin 4 

Paclitaxel 3 

Taxane 3 

Epirubicin 3 

Cisplatin 3 

Methotrexate 2 

Sunitab (targeted therapy) 1 

Sorafenib (targeted therapy) 1 

Gemcitabine 1 

Herceptin 1 

Oxaliplatin 1 

Vinblastine 1 

Dacarbazine 1 

Biological chemotherapy  

Interleukin 2 (Il-2) 2 

Il-2 + Lymphokine-activated killer cell (LAK) 1 

Interferon (IFN-α) 1 

Chemotherapy and Other Treatments   

Biological Chemotherapy 4 

Surgery and Chemotherapy 
a
 5 

Chemotherapy Only
 b

 10  

Number of Chemotherapy Cycles
c
 Number of Participants 

(percentages) 

2 to 3 cycles 38 (3.43) 

3 to 6 cycles 714 (64.38) 

7 to 11+ cycles 45 (4.33) 

Unknown 312 (28.13) 
a
 Any study that had at least one participant treated with surgery. 

b 
Six of the studies in the Chemotherapy Only category were studies that reported no other 

treatments or it was confirmed by the researchers that only chemotherapy was 

administered.  Four of the studies did not report other treatments; however, it was not 

possible to confirm that no other treatments were administered.  
c
 Seven studies did not report specific details about the number of cycles administered 
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reported, the majority of studies included participants with 4 to 6 cycles of chemotherapy 

(Table 5). 

14.3   The Effects of Chemotherapy on Frontal Lobe Cognitive Functions  

     14.3.1  Short-term memory: Comparison of chemotherapy and cancer control 

groups.  See Figure 2 for a full summary of the following statistics.  Small effect sizes 

were found for fixed and random effects models for between-subjects designs comparing 

chemotherapy and cancer control groups on short-term memory (Fixed Effect SMD 

=0.31 (95% CI: 0.03, 0.59); Random Effects SMD = 0.25 (95% CI: -0.16, 0.65)).  To 

test whether the effect sizes were statistically significant, z-tests were conducted and the 

confidence intervals of the SMDs were examined.  The test for the overall effect was 

statistically significant for fixed (z = 2.14, p = .03) but not random effects models (z = 

1.19, p = .23).  The confidence interval of the SMD similarly showed that the random 

effects model was not statistically significant (as the range included zero), and the fixed 

effects model was statistically significant (as the range did not include zero).  The results 

indicate that performance was worse in the chemotherapy group compared to the cancer 

control group for the fixed but not random effects models.  As fixed effect models do not 

consider between-studies heterogeneity and the results were statistically significant for 

fixed but not random effects models, the results suggest that the between-study variance 

influenced the magnitude of the effect of chemotherapy on short-term memory in 

between-subjects cancer control designs.  

     After determining the statistical significance of the SMD, the amount of heterogeneity 

was considered.  For the meta-analysis comparing chemotherapy and cancer controls on 



 

84 

 

 

 

 

 

 

Figure 2. Short-Term Memory (Cancer Control) 

Note. Lower scores indicate worse performance 
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short-term memory, the heterogeneity was not statistically significant (Q(4) = 7.24, p = 

.12; Figure 2); however, the amount of heterogeneity (I
2
 = 45%) was moderate.   

     See Figure 3 for a summary of all the following statistics.  As the amount of 

heterogeneity was moderate for the meta-analysis comparing chemotherapy and cancer 

control groups on short-term memory, sensitivity analyses were conducted to characterize 

the heterogeneity.  To determine if participants treated with biological therapy were 

contributing to the heterogeneity, studies including such participants were removed from 

the meta-analysis.  The test of overall effect was statistically significant for fixed (z = 

2.47, p = .01) and random effect models (z = 2.47, p = .01).  The effect size was medium 

for fixed (SMD = 0.46 (95% CI: 0.09, 0.82)) and random effect models (SMD = 0.46 

(95% CI: 0.09, 0.82)), suggesting that the group treated with chemotherapy performed 

worse on measures of short term memory in comparison to the cancer control group.  The 

Q statistic was not statistically significant (Q(2) = .66, p = .72) and the amount of 

heterogeneity had decreased to zero (I
2
 = 0%).  Given that the heterogeneity had been 

accounted for, it suggests that groups treated with biological chemotherapy contributed to 

the variance observed in the initial model, as evidenced by the lack of heterogeneity 

following the exclusion of the groups treated with biological chemotherapy.  

     To further evaluate the heterogeneity found in the initial model, studies that assessed 

participants with a neuropsychological test other than a word-list (e.g., California Verbal 

Learning Test-II) were removed.  The effect sizes were medium for fixed (Fixed Effect 

SMD = 0.46 (0.15, 0.76) and random effects models (Random Effects SMD = 0.46 (0.15, 

0.76)).  The test of heterogeneity was no longer statistically significant (Q(3) = .66, p = 
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Figure 3. Short-Term Memory (Cancer Control): Biological therapies excluded 

Note. Lower scores indicate worse performance 
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.88) and the amount of heterogeneity decreased to low (I
2
 = 0%).   Thus, the 

heterogeneity was accounted for by removing studies using tests other than word lists.  

Low heterogeneity indicates that the studies produced similar results, increasing 

confidence in the findings that groups treated with chemotherapy performed worse on 

measures of short-term memory in comparison to the cancer control group.  See Figure 4 

for a summary of these statistics. 

     There were insufficient data to run sensitivity analyses examining time since 

chemotherapy.  Similarly, cancer type was diverse and could not be evaluated with 

sensitivity analyses.  It is possible that these factors also contributed to the heterogeneity; 

however, the heterogeneity was well accounted for by type of chemotherapy and type of 

neuropsychological test administered. 

     14.3.2 Short-term memory: Comparison of chemotherapy and healthy control 

groups.   To compare the short-term memory performance of groups treated with 

chemotherapy to healthy control groups, the SMD was calculated.  Similar to the cancer 

control results, the test for the overall effect was statistically significant for fixed (z = 

2.09, p = .04) but not random effects (z = 1.38, p = .17), indicating that the between-

subject design studies employing a healthy control group revealed evidence of worse 

performance for the group that received chemotherapy in the fixed effects model, but not 

the random effects model (Figure 5).  Effect sizes were small (Fixed Effect SMD = 0.27 

(0.02, 0.52); Random Effects SMD = 0.32 (-0.14, 0.78).  
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Figure 4. Short-Term Memory (Cancer Control): Short-term memory for tests involving word lists 

Note. Lower scores indicate worse performance 
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Figure 5. Short-Term Memory (Healthy Control) 

Note. Lower scores indicate worse performane
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     The Q statistic was significant, indicating that there was a statistically significant 

amount of heterogeneity (Q(2) = 6.31, p = .04).  To characterize the amount of 

heterogeneity, the I
2
 statistic was evaluated and it was found to be moderate (I

2
 = 68%).  

As the heterogeneity was moderate, reasons for elevated amounts of variance were 

evaluated using sensitivity analyses.  Removing a study, in which participants were 

treated with biological therapy, reduced the heterogeneity (Q(1) = .18, p = .67; I
2
 = 0%).  

However, there were no statistically significant differences between the groups for fixed 

(z = .66, p = .51) or random effects models (z = .66, p = .51), and the effect sizes were 

small (Fixed Effect SMD = 0.10 (95% CI: -0.19, 0.38); Random Effects SMD = 0.10       

(-0.19, 0.38); Figure 6).  As the heterogeneity was accounted for, it indicates that the 

studies produced similar results, and confidence is increased in the null finding that when 

groups treated with biological chemotherapy are removed from the analysis, there are no 

differences in performance on measures of short-term memory between the 

chemotherapy and healthy control groups.  All studies employed a word list type 

neuropsychological test, so a sensitivity analysis could not be run for type of 

neuropsychological test.  Due to diversity among participants in each study with respect 

to cancer type, sensitivity analyses could not be conducted using this factor.  Further, 

there were insufficient data to conduct sensitivity analyses on time since chemotherapy.  

These results suggest that biological chemotherapy may be one of the factors influencing 

the magnitude of the effect size; however, as fixed but not random effects models were 

statistically significant, there may be between-study variables (e.g., cancer type, time 

since chemotherapy) that may be influencing the result.    
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Figure 6. Short-Term Memory (Healthy Control; Biological Therapies Excluded) 

Note. Lower scores indicate worse performance 
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     14.3.3 Short-term memory: Within-subjects design.  When comparing studies 

using within-subjects designs, no statistically significant differences in pre- and post- 

chemotherapy neuropsychological test scores were found, and the effect sizes were small  

(z = 1.85, p = .06; Fixed Effect SMD = -0.11 (-0.23, 0.01); z = 1.40, p = .16; Random 

Effects SMD = -0.13 (-0.32, 0.05); Figure 7).  The results suggest that there is no change 

in short-term memory following treatment with chemotherapy.  

     The Q statistic for the within-subject design was significant, indicating that there was 

a statistically significant amount of heterogeneity, Q(9) = 19.42, p = .02.   The amount of 

heterogeneity was moderate (I
2
 = 54%), suggesting that studies did not report similar 

results.  Confidence in the finding that there is no change in short-term memory following 

treatment with chemotherapy is therefore decreased.   

     To examine factors that may be contributing to the moderate amount of heterogeneity, 

sensitivity analyses were run.  None of the studies included participants who were treated 

with biological chemotherapy, so a sensitivity analysis was not run for biological 

chemotherapy.  The following sensitivity analyses were run, but did not account for the 

heterogeneity: including only studies employing a list-learning paradigm, Q(5) = 13.46, p 

= .02 (I
2 

= 63%); time since chemotherapy, Q(7) = 18.28, p = .01 (I
2 

= 62%); and type of 

cancer (i.e., when only studies with breast cancer participants were included, Q(5) = 

13.80, p = .02 (I
2
=64%).  As the amount of heterogeneity was not accounted for by any of 

the sensitivity analyses run, a factor that could not be run as a sensitivity analysis due to 

lack of data (e.g., age) or a factor that was not identified a priori (e.g., genetic factors, 

number of rounds of chemotherapy) may be contributing to the heterogeneity.  
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Figure 7. Short-Term Memory (Within-Subjects Design) 

Note. Lower scores indicate worse performance
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     Overall, the results of these analyses suggest that chemotherapy is associated with 

short-term memory difficulties only in studies employing between-subject designs 

comparing chemotherapy and cancer control groups. Further, using this design, when 

studies including participants treated with biological chemotherapy were removed, the  

association between short-term memory difficulties and chemotherapy was stronger.  

Uniform administration of neuropsychological tests (i.e., all word-list tests) also 

accounted for some of the variance among studies in the between-subject designs 

comparing chemotherapy and cancer control groups. 

14.3.4 Inhibition: Comparison of chemotherapy and cancer control groups. 

Chemotherapy and cancer control groups were compared on inhibition performance; see 

Figure 8 for a summary of the following statistics.  When comparing the group that 

received chemotherapy to the cancer control group, the effect was not statistically 

significant (z = 0.14, p = .89) indicating no difference on measures of inhibition was 

found (Fixed Effect SMD = -0.03 (-0.37, 0.32); Random Effects SMD = -0.03 (-0.37, 

0.32)).      

     Heterogeneity was calculated with the Q and I
2
 statistics.  The heterogeneity was not 

statistically significant (Q(1) = .05, p = .82) and was low (I
2
 = 0%), which suggests that 

the studies were measuring a similar construct (i.e., inhibition).  A low amount of 

heterogeneity indicates that the studies produced similar results and increases confidence 

in the finding that there was no difference between groups treated with chemotherapy and 

the cancer control group. Because the heterogeneity was low, sensitivity analyses were 

not conducted.   
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Figure 8. Inhibition (Cancer Controls) 

Note. Lower scores indicate worse performance 
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     Only one study compared chemotherapy and healthy control groups on inhibition. 

As such a meta-analysis could not be performed for this design.  

      14.3.5 Inhibition: Within-subjects designs.  A meta-analysis was run examining 

inhibition scores in groups treated with chemotherapy tested before and after 

chemotherapy administration; see Figure 9 for the following statistics.  For this within-

subjects design, the SMD was statistically significant (z = 2.70, p = .007).  The finding 

demonstrated that scores improved on measures of inhibition following chemotherapy 

compared to pre-chemotherapy baseline, for both fixed and random effects models (Fixed 

Effect SMD = -0.32 (95% CI: -0.55, 0.09); Random Effects SMD = -0.32 (95% CI: -0.55, 

-0.09)).  The effect sizes were small.  

     Heterogeneity was examined using the Q and I
2 

statistics.  The Q statistic was not 

statistically significant (Q(2) = .93, p = .63) and the amount of heterogeneity was low (I
2
 

= 0%).  The lack of heterogeneity suggests that the studies included in the within-subjects 

design meta-analysis of inhibition are similar.  As the heterogeneity was low, no 

sensitivity analyses were conducted.   

     Overall, the results of the inhibition analyses suggest that groups receiving 

chemotherapy, in comparison to a cancer control group, did not differ in the ability to 

inhibit a response to an over-learned cue.  There were insufficient data, however, to 

compare performance to healthy control groups.  For within-subjects designs, scores 

improved following chemotherapy.     
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Figure 9. Inhibition (Within-Subjects Design) 

Note. Lower scores indicate worse performance 

 



 

 

98 

14.3.6 Working memory: Comparison of chemotherapy and cancer control 

groups.  Groups treated with chemotherapy were compared with cancer control groups 

on working memory performance.  Effect sizes were small but statistically significant 

(Fixed Effect: z = 2.62, p = .009; SMD = 0.38 (95% CI: 0.10, 0.66; Random Effect: z = 

2.48, p = .01; SMD = 0.40 (95% CI: 0.08, 0.71); Figure 10), indicating that the groups 

treated with chemotherapy performed worse on measures of working memory compared 

to cancer control groups. 

     To examine the heterogeneity for working memory of groups treated with 

chemotherapy in comparison to controls, the Q and I
2
 statistics were calculated.  The 

amount of heterogeneity was not statistically significant and was low (Q(4) = 4.58, p = 

.33, I
2
 = 13%).  Low heterogeneity suggests that the studies found similar results, which 

increases confidence in the findings that groups treated with chemotherapy performed 

worse on measures of working memory in comparison to cancer control groups.  Because 

the amount of heterogeneity was low for between-subjects designs comparing 

chemotherapy to cancer controls, no sensitivity analyses were run.  

14.3.7 Working memory: Comparison of chemotherapy and healthy control 

groups.  Groups treated with chemotherapy were compared with healthy control groups 

on working memory performance.  The effect was statistically significant for fixed and 

random effect models (z = 1.95, p = .05; Figure 11).   The effect size was small for both 

fixed and random effect models (Fixed Effect SMD = 0.31 (95% CI: 0.00, 0.63); Random 

Effects SMD = 0.31 (95% CI: 0.00, 0.63)).  

     To examine the heterogeneity for working memory of groups treated with 

chemotherapy in comparison to healthy controls, the Q and I
2
 statistics were calculated.  
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Figure 10. Working Memory (Cancer Controls) 

Note. Lower scores indicate worse performance 
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Figure 11. Working Memory (Healthy Controls) 

Note. Lower scores indicate worse performance 
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 The amount of heterogeneity was not statistically significant and was low (Q(1) = 

.14, p = .70; I
2
 = 0%).  Low heterogeneity increases confidence in the findings that 

groups treated with chemotherapy performed worse on measures of working memory in 

comparison to healthy controls.  Because the amount of heterogeneity was low for 

between-subjects designs comparing chemotherapy to cancer controls, no sensitivity 

analyses were run.  

    14.3.8 Working Memory: Within-subjects designs.  Working memory for within-

subjects designs was also examined; Figure 12 is a summary of the following statistics.  

When considering within-subjects designs, the SMD was statistically significant for fixed 

(z = 3.06, p = .002) but not random effects models (z = 1.55, p = .12).  There was 

evidence of better performance on working memory following chemotherapy in the fixed 

effects model (Fixed Effect SMD = -0.22 (95% CI: -0.35, -0.08)), but not the random 

effects model (Random Effects SMD = -0.18 (95% CI: -0.40, 0.05)).  Effect sizes were 

small.  As the fixed effects model does not account for between-study heterogeneity, a 

statistically significant effect for fixed but not random effects models suggests between-

study variance.   

     To examine the heterogeneity for within-subjects designs assessing working memory, 

the Q and I
2
 statistics were calculated.  The amount of heterogeneity was significant 

(Q(9) = 21.56, p = .01) and was moderate (I
2
 = 58%).  Moderate heterogeneity suggests 

that there is between-study variability in the results, and therefore, decreases confidence 

in the findings.  

     Sensitivity analyses were performed to determine if the type of neuropsychological 

test accounted for the heterogeneity.  Figure 13 provides a summary of the following
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Figure 12. Working Memory (Within-subjects)  

Note. Lower scores indicate worse performance 
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Figure 13. Working Memory Within-Subjects (Trail Making Test Only) 

Note. Lower scores indicate worse performance 
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results.  When including only studies that employed the Trail Making Test-B, the 

effect was statistically significant for both fixed (z = 3.82, p = .0001) and random effects 

(z = 3.43, p = .0006).  There was evidence of better performance on working memory 

after chemotherapy in both the fixed and random effects models (Fixed Effect SMD = -

0.29 (95% CI: -0.45, -0.14); Random Effects SMD = -0.30 (95% CI: -0.47, -0.13).  The 

heterogeneity was not statistically significant and was found to be low (Q(5) = 6.34, p =  

.27; I
2
 = 21%), suggesting that type of neuropsychological test administered may account 

for much of the between-study variance. 

         None of the other sensitivity analyses accounted for the heterogeneity: removing 

biological therapies (Q(7) = 13.10, p = .07; I
2 

= 47%); and time since chemotherapy (> 12 

months post chemotherapy (Q(1) = 2.14, p = .14; I
2 

=  53%); <12 months post 

chemotherapy (Q(7) = 19.41, p = .007; I
2 

= 64%)).  The types of cancer were varied such 

that studies could not be grouped by cancer type, so a sensitivity analysis could not be 

conducted for this variable.   

     Overall, these results suggest that groups treated with chemotherapy performed worse 

on tasks of working memory when compared to healthy and cancer control groups.  

Studies employing a within-subjects design demonstrated improved working memory 

post-chemotherapy compared to pre-chemotherapy.  

     14.3.9 Processing speed: Comparison of chemotherapy and cancer control 

groups.  Performance on processing speed was compared between groups treated with 

chemotherapy and cancer controls; see Figure 14 for a summary of results.  The SMD 

was not statistically significant for fixed or random effects models (z = .26, p = .80), 

indicating that the chemotherapy group performed the same as the cancer control group
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Figure 14. Processing Speed (Cancer Controls) 

Note. Lower scores indicate worse performance 
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on processing speed (Fixed Effect SMD = 0.05 (95% CI: -0.33, 0.43); Random 

Effects SMD = 0.05 (95% CI: -0.33, 0.43)).   

     Q and I
2
 were calculated to assess the heterogeneity of between-subjects designs 

comparing performance on processing speed for groups treated with chemotherapy and 

cancer controls.  The heterogeneity was not statistically significant and was low (Q (1) = 

.21, p = .64; I
2 

= 0%) indicating that the studies found similar results.  Low heterogeneity 

increases confidence in the above finding that groups treated with chemotherapy 

performed similarly to groups in the cancer control group on tasks of processing speed. 

No sensitivity analyses were conducted, as the heterogeneity was low and as there were 

only two studies in the meta-analysis.  

     It was planned to compare groups treated with chemotherapy to healthy control 

groups.  However, there was only one study employing a healthy control group, so no 

analyses could be performed.  

     14.3.10 Processing speed: Within-subjects designs.  A meta-analysis was run for 

within-subjects designs, comparing performance on processing pre and post treatment 

with chemotherapy (Figure 15).  A small but statistically significant effect was found for 

fixed (z = 4.57, p <.001) and random effects models (z = 2.02, p = .04).  For within-

subjects designs, both fixed and random effects models showed evidence of better 

processing speed post chemotherapy, compared to pre-chemotherapy (Fixed Effect SMD 

= -0.26 (95% CI: -0.37, -0.15); Random Effects SMD= -0.23 (95% CI: -0.45, -0.01)).  

Measures of heterogeneity, Q and I
2
, were calculated.  Heterogeneity was statistically 

significant (Q(8) = 29.28, p < .003) and a moderate amount of heterogeneity was found  
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Figure 15. Processing Speed (Within Subjects Design) 

Note. Lower scores indicate worse performance
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(I
2
 = 73%).  A moderate amount of heterogeneity decreases confidence in the finding 

that performance on processing speed improved following chemotherapy administration.     

    Sensitivity analyses were employed to determine if type of neuropsychological test 

would account for the moderate amount of heterogeneity; Figure 16 provides a summary 

of the following results.  When considering only studies using a coding task (e.g., 

matching symbols with numbers), performance on processing speed continued to be 

better post chemotherapy (Fixed Effect: z = 3.23, p = .001; SMD = -0.27 (95% CI: -0.43, 

-0.11); Random Effects: z = 3.23, p = .001; SMD = -0.27 (95% CI: -0.43, -0.11).  Q and I
2
 

were calculated to assess heterogeneity and showed that heterogeneity was not 

statistically significant and was low (Q(4) = 2.49, p = .65; I
2
 = 0%).  None of the studies 

included participants treated with biological chemotherapy, so sensitivity analyses were 

not run for type of chemotherapy.  Several sensitivity analyses were not conducted due to 

insufficient data (e.g., time since chemotherapy) or due to the fact that the studies could 

not be separated by type of cancer.  Overall the results suggest that processing speed may 

improve following chemotherapy, and the type of neuropsychological test may account 

for much of the variability in the initial model. 

     14.3.11 Verbal fluency: Comparison of chemotherapy and cancer control groups.  

Scores on verbal fluency were compared between groups treated with chemotherapy and 

cancer control groups; see Figure 17 for a summary of all statistics.  There was no 

evidence of group differences on verbal fluency performance when the chemotherapy 

group was compared with the cancer control group (Fixed Effect: z = .23, p = .82; SMD= 

0.03 (95% CI: -0.26, 0.32); Random Effects: z = .38, p = .70; SMD = 0.07 (95% CI: -

0.27, 0.41).  
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Figure 16. Processing Speed (Within): Coding Only 

Note. Lower scores indicate worse performance  



 

 

110 

 

 

 

 

Figure 17. Verbal fluency (Cancer Control) 

Note. Lower scores indicate worse performance 
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Heterogeneity was calculated with Q and I
2
 statistics.  The heterogeneity was not 

statistically significant and was low (Q(3) = 3.93, p = .27; I
2 

= 24%).  The results suggest 

that the variance between studies was minimal.   

     As the heterogeneity was low, no sensitivity analyses were conducted.   

     14.3.12 Verbal Fluency: Comparison of chemotherapy and healthy control 

groups.  Verbal fluency performance was also compared between groups who received 

chemotherapy and healthy controls; Figure 18 is a summary of the following results.  

When comparing the chemotherapy group to the healthy control group, both fixed and 

random effects models were statistically significant (Fixed Effects: z = 6.34, p <.001); 

Random Effects: z = 2.44, p = .01) and showed that verbal fluency scores were worse for 

the group that received chemotherapy (Fixed Effect SMD= 0.88 (0.61, 1.15); Random 

Effects SMD = 0.96 (0.19, 1.73)).  The effect sizes were large.             

     To assess heterogeneity, Q and I
2
 were calculated and revealed statistically significant 

heterogeneity (Q(2) = 15.41, p < .005; I
2
 = 87%).  The results suggest that the between- 

study variance is large enough that summarizing the effect sizes across studies may not 

be an adequate representation of the theoretical true effect.  

     Sensitivity analyses were performed to investigate if biological chemotherapy 

accounted for the variance; see Figure 19 for a summary of the statistics.  After removing 

the study that included biological chemotherapy, two studies that included women with 

breast cancer were included in the meta-analysis.  The model showed statistically 

significant heterogeneity (Q(1) = 14.69, p < .001; I
2
= 93%) and there was a statistically 

significant effect for fixed but not random effects (Fixed Effect: z = 5.85, p < .001; SMD 

= 0.95 (0.64, 1.27); Random Effects: z = 1.71, p = .09;  SMD = 1.10 (-0.16, 2.36)).  The 
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Figure 18. Verbal fluency (Healthy Control) 

Note. Lower scores indicate worse performance 
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Figure 19. Verbal Fluency (Healthy Control; Biological Therapies Excluded) 

Note. Lower scores indicate worse performance 
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results suggest that biological chemotherapy does not account for the heterogeneity in 

the initial analysis.  Given that considerable heterogeneity remains and the findings are 

statistically significant for fixed, but not random effects, it suggests between-study 

variance.  All of the studies used a similar measure (i.e., word fluency task), so a 

sensitivity analysis was not conducted for any specific neuropsychological tests.  There 

were insufficient data to conduct sensitivity analyses on time since chemotherapy.  

     14.3.13 Verbal Fluency: Within-subjects designs.  Verbal fluency was also 

examined in groups treated with chemotherapy that were assessed before and after 

chemotherapy; see Figure 20 for a summary of all the results.  When considering studies  

using this within-subjects design, there was no statistically significant evidence of an 

effect of chemotherapy on verbal fluency for fixed (z = 1.70, p = .09) and random effects 

(z = 1.57, p = .12),  indicating that there was no change in verbal fluency performance 

following chemotherapy (Fixed Effect SMD = -0.14 (95% CI: -0.30, 0.02); Random 

Effects SMD= -0.14 (95% CI: -0.31, 0.03)).  

      Heterogeneity was calculated using Q and I
2
.  The heterogeneity was not statistically 

significant (Q(4) = 4.71, p = .32) and it was low (I
2
 = 15%).  Low heterogeneity increases 

confidence in the above finding, that there was no change in verbal fluency scores 

following chemotherapy administration.  Because the heterogeneity was low, no 

sensitivity analyses were conducted.   

     Overall, the results suggest that chemotherapy may not have an effect on verbal 

fluency scores; however, another factor (e.g., age, education) related to having a cancer 

diagnosis may be associated with lower scores on measures of verbal fluency, as
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Figure 20. Verbal fluency (Within Subjects)  

Note. Lower scores indicate worse performance 
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between-group differences were seen for healthy but not cancer controls.  Due to a 

small number of studies, caution should be used when interpreting this finding.  

     14.3.14 Simple attention: Comparison of chemotherapy and healthy control 

groups.  It was planned to compare scores on simple attention between the chemotherapy 

group and the cancer control group; however, the analysis could not be completed as 

there was only one study.  Sufficient studies were found, however, comparing groups 

treated with chemotherapy to healthy controls.  Figure 21 is a summary of the following 

results.  In studies comparing chemotherapy groups to healthy controls, the results were 

statistically significant for fixed (z = 3.34, p = .0008) but not random effects models (z = 

1.41, p = .16).  Worse scores on measures of simple attention were found in the 

chemotherapy group in the fixed effect model only (Fixed Effect SMD = 0.56 (95% CI: 

0.23, 0.89); Random Effects SMD = 0.52 (95% CI: -0.20, 1.23)).  The effect sizes were 

moderate.  

     The heterogeneity was statistically significant (Q(1) = 4.63, p = .03) and considerable 

(I
2
 = 78%).  The results suggest that the variance is large, which reduces confidence in 

the above results.   

     Although the heterogeneity was considerable, because there were only two studies 

sensitivity analyses could not be conducted.  

     14.3.15 Simple attention: Within-subjects designs.  Scores on attention were also 

compared pre and post chemotherapy; see figure, 22 for a summary of the following 

statistics.  For within-subjects designs, the SMD was statistically significant for fixed (z = 

4.02, p < .001) but not random effects (z = 1.53, p = .13), indicating that attention 

improved post-chemotherapy in the fixed effects models, but not random effects models  



 

 

117 

 

 

 

Figure 21. Simple Attention (Healthy Control) 

Note. Lower scores indicate worse performance 
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Figure 22. Simple Attention (Within Subjects Design) 

Note. Lower scores indicate worse performance 
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(Fixed Effect SMD = -0.31 (-0.46, -0.16); Random Effects SMD= -0.21 (-0.49, 0.06). 

This suggests that there was between-study variance. 

     Heterogeneity was assessed by calculating Q and I
2
, and was found to be statistically 

significant (Q(4) = 9.95, p = .04) and moderate (I
2
 = 60).  

      A sensitivity analysis was conducted for cancer type (including only breast cancer 

diagnoses), which demonstrated low heterogeneity (Q(2) = .00, p = 1.00; I 
2
= 0%).  There 

was no statistically significant difference between pre and post assessment results of 

attention in breast cancer groups (Fixed/Random Effects: z = .81, p = .42; SMD = -.09 

(95% CI: -.32, .13).  None of the participants received biological chemotherapy and all 

were female, so no sensitivity analyses were based on these factors.  There were 

insufficient data to run a sensitivity analyses for time since chemotherapy, and diverse 

neuropsychological tests were employed such that a sensitivity analysis for test-type 

could not be run.   

     Overall, these results suggest that type of cancer may be a source of heterogeneity 

when testing attention in within-subject designs; however, attention may not be 

particularly vulnerable to treatment with chemotherapy, as improvement was observed 

post-chemotherapy.  

     14.3.16 Planning: Comparison of chemotherapy and cancer control groups.  

To compare groups treated with chemotherapy to cancer control groups on measures of 

planning, the SMD was calculated (Figure 23).  The results were not statistically 

significant, indicating that there was no difference between the chemotherapy group and 

the cancer control group (Fixed Effect: z = 1.07, p = .29; SMD = 0.18 (95% CI: -0.15, 
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Figure 23. Planning (Cancer Control) 

Note. Lower scores indicate worse performance 
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0.51); Random Effects z = 1.07, p = .29; SMD = 0.18 (95% CI:-0.15, 0.51)). Effect 

sizes were small.   

     For studies employing cancer control groups, Q and I
2
 were calculated to determine 

the amount of heterogeneity.  The amount of heterogeneity was not statistically 

significant (Q(2) = .33, p = .85) and was low (I
2
 = 0%).  Low heterogeneity indicates that 

the studies produced similar results, and thus increases confidence in the finding that 

there was no difference in scores on planning for groups treated with chemotherapy in 

comparison to cancer controls.  

     Sensitivity analyses were not conduced for studies employing cancer controls on 

measures of planning, as the heterogeneity was low.   

     14.3.17 Planning: Comparison of chemotherapy and healthy control groups. 

Chemotherapy and healthy control groups were also compared on measures of planning; 

see Figure 24 for a summary of results.  The effect was not significant, suggesting no 

difference between chemotherapy and healthy control groups (Fixed Effect: z = .03, p = 

.97; SMD = 0.01 (95% CI: -0.32, 0.33); Random Effects: z = .21, p =.83; SMD = 0.12 

(95% CI: -1.01, 1.25)).  Effect sizes were small.  

     Q and I
2
 were also calculated to assess the heterogeneity for studies comparing 

chemotherapy and healthy controls.  The heterogeneity was statistically significant (Q(2) 

= 11.45, p = .0007) and considerable (I
2 

=
 
91%) for studies employing healthy controls.  

Considerable heterogeneity decreases confidence in the finding that there is no difference 

between groups treated with chemotherapy and healthy controls on measures of planning.      
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Figure 24. Planning (Healthy Control) 

Note. Lower scores indicate worse performance 
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     Sensitivity analyses were planned for studies comparing scores on planning for 

groups treated with chemotherapy and healthy controls.  However, as there were only two 

studies comparing chemotherapy and healthy control groups, sensitivity analyses were 

not run. 

     14.3.18 Planning: Within-subjects designs.  Comparisons pre- and post-

chemotherapy were also conducted; see Figure 25 for a summary of the findings.  The 

SMD was not statistically significant for within-subjects designs (Fixed Effect z = 1.49, p 

= .14; Random Effect z = .88, p = .38), indicating that performance on measures of 

planning did not differ between pre- and post-chemotherapy (Fixed Effect SMD = -0.17 

(95% CI: -0.39, 0.05); Random Effects SMD= -0.17 (95% CI: -0.55, 0.21). 

     Heterogeneity was not statistically significant (Q(4) = 8.94, p = .06) but was 

considered moderate (I
2
 = 55%).  A moderate amount of heterogeneity decreases 

confidence in the finding that there was no change in scores of planning following 

chemotherapy.  

    A sensitivity analysis was conducted to assess if biological chemotherapy accounted 

for the heterogeneity; see Figure 26 for a summary of the following results. Removing 

one study in which participants were treated with chemotherapy accounted for the 

heterogeneity (Q(2) = 1.53, p = .47; I
2
 = 0 %); however, there continued to be no 

evidence of a change in scores on planning following chemotherapy, as the SMD was not 

statistically significant (Fixed Effect: z = 1.85, p = .06; SMD = -0.22 (95% CI: -0.45, 

0.01); Random Effects: z = 1.85, p = .06; SMD = -0.22 (95% CI: -0.45, 0.01).  All studies 

assessed participants within 6 months of receiving chemotherapy.  As the studies could 



 

 

124 

 

 

 

 

 

Figure 25. Planning (Within Subjects Design) 

Note. Lower scores indicate worse performance
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Figure 26. Planning (Within-Subjects Design): Biological therapies excluded 

Note. Lower scores indicate worse performance 
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not be separated based on neuropsychological measure or cancer type, sensitivity 

analyses were not conducted for these variables.   

     Overall, the results suggest that there is no statistically significant evidence that 

chemotherapy is associated with scores on measures of planning.  Given that the 

heterogeneity was accounted for after removing studies that assessed participants treated 

with biological chemotherapy and the SMD remained nonsignificant, the results suggest 

that chemotherapy is not related to scores on planning.  

     14.3.19 Subjective cognitive function: Comparison of chemotherapy and cancer 

control groups.  Scores on subjective function were compared between groups treated 

with chemotherapy and cancer controls; see Figure 27 for a summary of results.  The 

SMD was not statistically significant for fixed (z = 1.34, p = .18) or random effects (z = 

1.34, p = .18), indicating that chemotherapy and cancer control groups did not differ in 

their subjective reports of cognitive function (Fixed Effect SMD = 0.31 (95% CI: -0.14, 

0.76); Random Effects SMD = 0.31 (95% CI: -0.14, 0.76). 

    The heterogeneity was examined by calculating Q and I
2
.  The heterogeneity was not 

statistically significant (Q(2) = .01, p = 1.00) and was considered low (I
2
 = 0%).  Low 

heterogeneity increases confidence in the finding that there was no difference between 

groups treated with chemotherapy and cancer controls on measures of subjective 

cognitive function.  Given that the heterogeneity was low, sensitivity analyses were not 

conducted.   

 Only one study compared subjective cognitive function of chemotherapy and 

healthy control groups, so a meta-analysis could not be conducted on this design. 
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Figure 27. Subjective Cognitive Function (Cancer Control) 

Note. Lower scores indicate worse subjective cognitive function
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14.3.20 Subjective cognitive function: Within-subjects designs.  Scores on 

subjective cognitive function were also compared pre- and post-chemotherapy; Figure 28 

is a summary of the following results.  There was no evidence that chemotherapy was 

associated with lower subjective cognitive function in studies using a within-subject 

design (Fixed Effect: z = 1.46, p = .14; SMD = 0.16 (95% CI: -0.06, 0.39); Random 

Effects: z = .04, p = .96; SMD = 0.01 (95% CI: -0.54, 0.56).   

     Heterogeneity was assessed by calculating Q and I
2
.  The heterogeneity was 

statistically significant (Q(3) = 13.00, p = .005) and considerable (I
2
 = 77%) in both the 

fixed and random effects models.  Considerable heterogeneity decreases confidence in 

the finding that there is no difference between groups treated with chemotherapy and 

cancer controls.        

      Sensitivity analyses were run to examine the effect of the amount of time since 

chemotherapy (i.e., <12 months post chemotherapy); however, the analyses did not 

account for the heterogeneity (Q(4) = 10.81, p = .03; I
2
=63%).  Other sensitivity analyses 

could not be run as the studies that employed a within-subjects design only examined 

women with breast cancer who were not treated with biological therapy.  All studies used 

different measures.   

     These results suggest that subjective cognitive function is not influenced by 

chemotherapy.  However, the number of studies in the analyses was small and the 

heterogeneity could not be accounted for, which limits the conclusions that can be drawn 

from the data.  
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Figure 28. Subjective Cognitive Function (Within Subjects Design) 

Note. Lower scores indicate worse subjective cognitive function 
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14.4 Results for Psychological Variables 

14.4.1 Depression: Comparison of chemotherapy and cancer control groups.   

Groups treated with chemotherapy were compared with cancer controls on measures of 

depression; see Figure 29 for a summary of results.  When comparing chemotherapy to 

cancer control groups, the SMD was not statistically significant (Fixed Effect: z = .82, p = 

.41; Random Effect: z = .82, p = .41), indicating that there was no difference on measures 

of depression when comparing groups treated with chemotherapy to cancer controls 

(Fixed Effect SMD = 0.17 (95% CI: -0.24, 0.58); Random Effects SMD = 0.17 (95% CI: -

0.24, 0.58).    

     Heterogeneity was assessed by calculating Q and I
2
.  The heterogeneity was not 

statistically significant (Q(2) = .34, p = .84) and was considered to be low (I
2
 = 0%).    

Low heterogeneity increases confidence in the finding that there is no difference in scores 

on depression between groups treated with chemotherapy and cancer controls.  

    Heterogeneity was low, so no sensitivity analyses were conducted.  

     14.4.2  Depression: Comparison of chemotherapy and healthy control groups.  

Scores on depression were also compared for groups treated with chemotherapy and 

healthy controls; see Figure 30 for a summary of the results.  When considering studies 

employing a healthy control group, the SMD was significant for both fixed and random 

effects (Fixed Effect: z = 4.84, p < .001; Random Effect: z = 2.31, p = .02), indicating that 

the chemotherapy group reported worse scores on measures of depression and the effect 

sizes were large (Fixed Effect SMD= 0.83 (0.50, 1.17); Random Effects SMD= 0.93 

(0.14, 1.71)).   
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Figure 29. Depression (Cancer Control) 

Note. Lower scores indicate worse depression 
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Figure 30. Depression (Healthy Control) 

Note. Lower scores indicate worse depression 
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The heterogeneity was explored by calculating Q and I
2
. The heterogeneity was 

statistically significant (Q(1) = 5.00, p = .03) and was considerable (I
2
 = 80%).  The 

considerable amount of heterogeneity decreases confidence in the finding that groups 

treated with chemotherapy reported worse symptoms of depression than healthy controls.  

     Sensitivity analyses were planned prior to running the meta-analysis.  However, 

because there were only two studies that used healthy controls, sensitivity analyses could 

not be conducted.   

     14.4.3 Depression: Within-subjects designs.  When considering within-subjects 

designs, the SMD was not statistically significant (Fixed Effect: z = 1.01, p = .31; 

Random Effect: z = .97, p = .33; Figure 31), indicating that there was no effect of 

chemotherapy on depression scores (Fixed Effect SMD = 0.10 (-0.09, 0.28); Random 

Effects SMD = 0.13 (-0.13, 0.39).   

     Q and I
2 

were calculated to assess the heterogeneity.  Heterogeneity was not 

statistically significant (Q(4) = 7.08, p = .13) but it was moderate (I
2 

= 43%).
   

A finding 

of moderate heterogeneity decreases confidence in the finding that there was no change in 

reported symptoms of depression following chemotherapy.   

     To evaluate the moderate amount of heterogeneity, sensitivity analyses were 

conducted for measure type; see Figure 32 for a summary of the results.  Other sensitivity 

analyses were planned prior to conducting the meta-analysis; however, none of the 

studies included participants who were treated with biological chemotherapy.  In 

conducting sensitivity analyses by measure type, there continued to be no evidence of a 

change in depression scores following chemotherapy (Fixed Effect: z = .55, p = .58;  
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Figure 31. Depression (Within Subjects) 

Note. Lower scores indicate worse depression  
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Figure 32. Depression (Within-subjects; Beck Depression Inventory only) 

Note. Lower scores indicate worse depression
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SMD = 0.07 (95% CI: -0.19, 0.34); Random Effects: z = .55; p = .58; SMD = 0.07 

(95% CI: -0.19, 0.34).  Effect sizes were small.  However, much of the heterogeneity was 

accounted for after grouping studies using the Beck Depression Inventory (Q(1) = .02, p 

= .90; I
2
 = 0%), but not for the other measures (e.g., Hospital Anxiety and Depression 

Scale-Depression Score).  All of the studies tested participants at six months post-

chemotherapy or less, so a sensitivity analysis was not conducted based on time since 

chemotherapy.  Within the studies there were diverse cancer diagnoses, so studies could 

not be grouped to run sensitivity analyses based on cancer type.  

     Overall, the results suggest that chemotherapy does not influence scores on measures 

of depression; however, factors such as measure chosen (e.g., BDI) appears to influence 

the amount of variability across studies.  When studies that did not use the BDI were 

removed as part of the sensitivity analysis, the amount of variability was lower, but very 

few studies remained in the analysis.  As there was a difference in scores of depression in 

the chemotherapy group compared to healthy controls, but not when comparing to cancer 

controls or pre- and post- chemotherapy in within-subjects designs, it is possible that 

having a diagnosis of cancer is associated with higher depression scores, as opposed to 

this being a consequence of chemotherapy.  

   14.4.4 Anxiety: Comparison of chemotherapy and cancer control groups.  Reported 

anxiety symptoms were compared between groups treated with chemotherapy and cancer 

controls; see Figure 33 for a summary of the results.  The SMD was not statistically 

significant (Fixed Effect: z = .64, p = .52; Random Effect: z = .63, p = .53), indicating 

that self-reported anxiety did not differ between the groups (Fixed Effect SMD = -0.14 

(95% CI: -0.55, 0.28); Random Effects SMD = -0.15 (95% CI: -0.62, 0.32).  
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Figure 33. Anxiety (Cancer Control)  

Note. Lower scores indicate worse anxiety
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     Heterogeneity was assessed with Q and I
2
 statistics.  Heterogeneity was not 

statistically significant (Q(2) = 2.48, p = .29) and was low (I
2
 = 19%).  Low heterogeneity 

increases confidence in the finding that there is no difference in reported symptoms of 

anxiety between groups treated with chemotherapy and cancer controls.  Because 

heterogeneity was low, no sensitivity analyses were conducted.   

 There were insufficient data (i.e., one study) to perform a meta-analysis 

comparing anxiety symptoms in chemotherapy and healthy control groups.   

          14.4.5 Anxiety: Within-subjects designs.  Scores on anxiety were also compared 

pre- and post-chemotherapy using within-subjects designs; see Figure 34 for a summary 

of the findings. The results were not statistically significant (Fixed and Random Effects: z 

= 1.87, p = .06), indicating there was no change in reported symptoms following the 

administration of chemotherapy (Fixed Effect SMD = -0.23 (95% CI: -0.48, 0.01); 

Random Effects SMD = -0.23 (95% CI: -0.48, 0.01).    

       Heterogeneity was assessed by calculating Q and I
2
.  Heterogeneity was not 

statistically significant (Q(2) = 1.33, p = .51) and was low (I
2
 = 0%).  A low amount of 

heterogeneity increases confidence in the result that there is no change in scores on 

anxiety following chemotherapy.  As the heterogeneity was low, no sensitivity analyses 

were conducted.   

     Overall the results suggest that levels of reported anxiety do not change following 

treatment with chemotherapy or differ in comparison to cancer controls.  It is possible 

that anxiety is higher than in comparison to healthy controls; however, there were too few 

studies including a healthy control group to run analyses.  Furthermore, there were few  
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Figure 34. Anxiety (Within-Subjects) 

Note. Lower scores indicate worse anxiety 
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studies included in each meta-analysis and caution should be used in interpreting the 

results. 

14.5  Risk of Bias 

     Risk of bias judgements were made for each study on seven domains (an explanation 

for each rating is given in D).  Risk of bias summary tables were generated for each 

outcome (cognitive and psychological; Appendix F).  In general, the risk of bias for both 

cognitive and psychological outcomes was similar, with the exception that the risk of bias 

was comparatively lower on the outcome measurement domain for the psychological 

measures.  Although neuropsychological tests tend to have stringent scoring rules leading 

to high interrater reliabilities, the risk of practice effects is potentially greater leading to a 

larger risk of bias (Lezak et al., 2012); Figures 35 and 36 graphically present the risk of 

bias ratings for each study.  Domains with grey and black dots indicate low and high risk 

of bias, respectively.  Domains in which there is a blank square indicates that inadequate 

information was provided to make a judgement.  For both cognitive and psychological 

outcomes, the domain reported results had the lowest risk of bias and the domain missing 

data had the highest or unclear risk of bias (Figure 37; Figure 38).  

14.6  GRADE Criteria Summary 

     Short-term memory, inhibition, working memory, processing speed, verbal fluency, 

and depression were outcomes that were shown to be associated with chemotherapy in 

either within-or between-subjects designs, or both.  Anxiety and planning are also 

included in the table as they approach significance.  Attention is also included in the table 

as it was statistically significant for fixed, but not random effects.  When the GRADE 

criteria were applied, all of these outcomes were rated very low quality (Appendix F).  
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         Figure 35. Risk of Bias Ratings for Neuropsychological Outcomes 

 

Low or no evidence of bias 

High evidence of bias 
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Figure 36. Risk of Bias Ratings for Psychological Outcomes

Low or no risk of bias 

High risk of bias 
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Factors such as observational studies, high risk of bias, and imprecision (e.g., few 

studies included in the meta-analysis) contributed to the low ratings.  Due to very low 

quality associated with each outcome, caution is warranted when interpreting all of the 

results. 

15. Discussion 

     This meta-analysis included 19 studies, which assessed the effect of chemotherapy on 

neuropsychological outcomes for 7 cognitive domains related to the frontal lobes.  

Individuals were diagnosed primarily with breast and female reproductive cancers.  When 

the data were pooled, a pattern of results emerged across cognitive domains for both 

neuropsychological and psychological outcomes, which was dependent on the type of 

study design (e.g., between- or within-subjects).   

15.1   Cognitive Domains  

     15.1.1 Between-subjects designs. When statistically significant results were found for 

between-subjects designs, the groups that received chemotherapy tended to score worse 

than the control groups.  Specifically, a large effect size was found when comparing 

groups treated with chemotherapy to healthy controls for scores on verbal fluency and a 

small effect size was found for working memory.  When considering only fixed effects 

models, a medium effect size was found for attention and a small effect size was found 

for short-term memory.  Given the small number of studies and a considerable and 

moderate amount of heterogeneity for attention and short-term memory, respectively, 

confidence in the results is low.  In comparison to cancer control groups, the groups that 

received chemotherapy scored worse on measures of short-term memory and working 

memory; small effect sizes were found for both variables.  
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Figure 37. Risk of Bias summary bar graph: Neuropsychological Tests 

 

 

 

 
 

Figure 38. Risk of bias summary bar graph: Psychological Measures 
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     Working and short-term memory, in particular, appear to be vulnerable to 

chemotherapy, as it was shown to be worse in groups treated with chemotherapy in 

comparison to healthy and cancer control groups.  The fact that the chemotherapy group 

performed worse in comparison to both control groups suggests that the presence of 

cancer alone does not account for the difference and increases confidence that the 

difference is due to the presence of chemotherapy, as opposed to cancer.   

     In contrast, for the domains on which differences between the chemotherapy and 

control groups were only seen when comparing to healthy control groups, it is possible 

that factors other than chemotherapy may have been responsible for the results.  

Specifically, for verbal fluency and attention, it is possible that the presence of cancer or 

the psychological factors associated with a diagnosis of cancer, as opposed to exposure to 

chemotherapy, may explain the lower scores in the chemotherapy groups.  

     15.1.2  Between-subjects designs: Consistency with the frontal lobe hypothesis.  

The cognitive difficulties demonstrated in the current meta-analysis for between-subjects 

designs were partially consistent with the frontal lobe hypothesis. This hypothesis 

suggests that chemotherapy leads to changes in brain physiology, which are similar to the 

aging process, resulting in individuals showing signs of cognitive aging earlier.  The 

frontal lobes are considered to be particularly vulnerable to this process, with education 

being a protective factor.  Although analyses on the associations between cognitive 

outcomes and age and education could not be conducted, several findings of the meta-

analysis are consistent with domains that decline with normal aging.  In between-subjects 

designs, domains that deteriorate in normal aging, including working memory and verbal 

fluency (e.g., Salthouse, 2011; Wang et al., 2011), were found to be worse in groups that
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received chemotherapy in comparison to healthy control groups.  However, other 

domains thought to decrease in normal aging, including processing speed and planning 

were relatively spared.  

     15.1.3  Between-subjects designs: Previous meta-analyses.   The cognitive domains 

associated with worse outcomes for individuals treated with chemotherapy, compared 

with chemotherapy naïve individuals, in the current meta-analysis are partially consistent 

with the results of previous work.  A meta-analysis by Hodgson, Hutchinson, Wilson, and 

Nettelbeck (2013) found that groups treated with chemotherapy performed worse on 

measures of executive function (collapsed across domains) and memory in comparison to 

healthy, cancer, or alternate treatment control groups.  Another meta-analysis 

demonstrated deficits in verbal memory and attention in groups treated with 

chemotherapy in comparison to control conditions (i.e., population norms, healthy, or 

cancer control groups; Lindner et al., 2014).  More recently, Ono et al. (2015) 

demonstrated worse scores on attention, processing speed, and short-term memory than 

healthy or cancer control groups.  Differences in findings may be due to different 

classification of neuropsychological tests and the inclusion of different cognitive domains 

in the meta-analyses.   

     Consistent with previous meta-analyses, participants in the chemotherapy conditions 

were shown to have worse outcomes than participants in the no-chemotherapy conditions 

on some of the domains included in the current analysis; the current meta-analysis also 

revealed a number of novel findings.  Specifically, the broad domain of executive 

functions, housed in the frontal lobes, were analysed as related but separate cognitive 

functions (e.g., inhibition, planning), which allowed for a more detailed analysis of 
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cognitive outcomes.  Statistically significant findings in some of the frontal lobe 

function domains (i.e., short-term memory, verbal fluency, attention, working memory), 

but not others (i.e., inhibition, processing speed, planning), may help to explain some of 

the inconsistencies in findings between meta-analyses that examined executive functions 

by collapsing across specific domains (Hodgson et al., 2015) versus those that did not 

(Ono et al., 2015).   

15.2  Within-Subjects Designs 

     In contrast to the results found for between-subjects design studies, when statistically 

significant results emerged for within-subjects designs the groups tended to demonstrate 

worse cognitive scores prior to chemotherapy compared to post-chemotherapy.  When 

considering only fixed effects, small effect sizes were found for working memory and 

attention.  Small effect sizes were also found for inhibition and processing speed for both 

fixed and random effect models.   Sensitivity analyses were run for results revealing 

moderate to considerable heterogeneity.  The neuropsychological test used (trails and 

coding tasks, respectively) accounted for the heterogeneity associated with working 

memory and processing speed; the change in performance remained statistically 

significant in these analyses.   

     15.2.1 Within-subjects designs: Consistency with the frontal lobe hypothesis of 

aging.  In within-subjects designs, the groups demonstrated improvement following 

chemotherapy, which is not consistent with the aging hypothesis. While counter-intuitive 

at first glance, there are a number of possible explanations for the improvement.  It may 

be that greater anxiety was experienced prior to chemotherapy compared to post-

chemotherapy (as discussed further below), which may have negatively impacted 
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performance on the neuropsychological measures. It is also possible that the 

individuals who agreed to participate in the neuropsychological studies were 

experiencing better overall cognitive abilities compared to individuals who did not agree 

to participate, and were thus more resilient to changes in cognitive function.  Such 

individuals would be less likely to show declines following chemotherapy, and would be 

most likely to benefit fully from practice effects.   

     15.2.2 Within-subjects designs: Consistency with previous meta-analyses.  While 

the domains assessed in this meta-analysis were chosen to be consistent with the frontal 

lobe aging hypothesis and therefore differ from the focus of previous meta-analyses, the 

pattern that emerged with respect to study design is consistent with other meta-analyses 

(e.g., Jim et al., 2012, Lindner et al., 2014; Ono et al., 2015).  When deficits were found, 

Lindner et al. (2014) showed that groups treated with chemotherapy participating in 

cross-sectional studies, with either healthy or cancer control groups, demonstrated worse 

scores on a number of domains described above.  Participants in within-subject 

longitudinal studies demonstrated improvement from pre to post chemotherapy 

assessment points.  The authors suggested a number of reasons for the increase including 

actual improvement, greater motivation to employ strategies for improving their scores 

and therefore maximizing practice effects, or other sources of bias that were not assessed 

in the analysis (Lindner et al., 2014).  Specifically, Lindner et al. found that short-term 

memory and attention improved following chemotherapy in comparison to base-line 

scores, which is partially consistent with the present study’s results.  However, a meta-

analysis that included participants with breast cancer only, failed to find improvements in 

the same domains (Ono et al., 2015).  Differing samples (e.g., breast cancer versus 
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multiple cancers) or operationalizations of the cognitive domains (i.e., specific 

neuropsychological tests included under each cognitive domain) may have influenced the 

extent to which the findings are consistent.  

     15.2.3 Improved cognition in within-subjects designs: Role of practice effects  

As practice effects cannot be ruled out in the current analysis, and between-subjects 

designs have shown links between chemotherapy and worse cognitive function in 

individuals treated with chemotherapy, it could still be that chemotherapy has adverse 

effects on cognition.  That is, in within-subjects designs the adverse drug effects may be 

masked, or reversed, by practice effects.  Consistent with this explanation, several authors 

of studies included in the current meta-analysis noted practice effects as a factor that may 

have influenced their results (e.g., Bender et al., 2006, Capuron et al., 2001, Eberhardt et 

al., 2006, Jacobsen et al., 2004, Jansen et al., 2008 & Klemp, 2007).   Specifically, the 

authors attributed improved cognitive function to practice effects or suggested that 

practice effects may have blunted a decline in function (Bender et al., 2006, Capuron et 

al., 2001, Eberhardt et al., 2006, Jacobsen et al., 2004, Jansen et al., 2008, Klemp, 2007). 

     There is evidence that practice effects may have influenced cognitive scores, even in 

studies that used measures to minimize the effect.  A study by Beglinger et al. (2004) 

found practice effects in healthy groups, even when alternate forms were used (e.g., Digit 

symbol, Stroop, word-list tests).  Practice effects were most notable on tests where 

strategies for successful completion could be easily identified (e.g., categorizing words 

by a supraordinate construct for word lists), on novel tasks (i.e., tasks unlikely to be 

completed during daily living), and on harder tasks (Beglinger et al., 2004).   
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15.3   Psychological Factors  

     Psychological factors were considered in addition to the cognitive domains.  Groups 

treated with chemotherapy rated themselves as more depressed than healthy control 

groups, but no difference was found for comparisons with cancer control groups.  Given 

the emotional toll associated with a cancer diagnosis, it makes intuitive sense that 

individuals treated with chemotherapy would be more depressed than healthy, but not 

cancer controls; this finding is consistent with other studies (Lopez-Zunini, 2013; 

Mehlsen, Pedersen, Jensen, & Zachariae, 2009).   

     Although there were no statistically significant differences in ratings of anxiety 

between chemotherapy and cancer control groups and no change over time in within-

subjects designs, it is possible that anxiety may have contributed to the 

neuropsychological test findings.  There were only 3 studies included in the between- and 

within-subjects analyses, which decreases confidence in the findings.  Furthermore, past 

research has suggested that an increase in worry prior to treatment has been associated 

with altered brain function and lower scores on measures of subjective cognitive function 

(Berman et al., 2014; Lim, Devi, & Ang, 2011), insufficient data were available to 

conduct sensitivity analyses or meta-regressions to confirm this association.  While 

further research directly assessing the effects of depression and anxiety on cognitive 

outcomes in cancer patients is needed, it is plausible that one reason for worse scores on 

neuropsychological tests prior to chemotherapy in within-subjects designs is due to pre-

chemotherapy increases in depression and anxiety.  
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15.4   Sensitivity Analyses 

     In the initial analyses, the amount of variance between studies in both the between- 

and within-subjects designs tended to range from moderate to considerable.  To 

characterize the sources of variance between studies, sensitivity analyses were run.  

When studies including individuals treated with biological chemotherapy were removed, 

worse scores on short-term memory were found in groups treated with chemotherapy in 

comparison to cancer controls and the amount of heterogeneity decreased.  When 

compared to healthy controls, there remained no difference between the groups with 

respect to short-term memory; however, the amount of heterogeneity decreased.  With 

respect to within-subjects designs, grouping neuropsychological tests under a specific 

domain (e.g., memory for lists, as opposed to stories) accounted for heterogeneity in the 

domains of short-term memory, working memory, and processing speed.  These findings 

suggest that type of chemotherapy (traditional vs. biological) and task type do affect the 

results, and thus should be accounted for in future studies.  

     Although it was planned that sensitivity analyses would be conducted by removing 

studies with a “high” risk of bias rating, the analysis could not be completed as there were 

insufficient studies with an overall rating of “low”.  For a more in depth discussion of the 

sensitivity analyses see Appendix G.    

15.5   Unexplained Variance  

     For a number of outcomes, such as short-term memory (cancer/healthy controls), 

working memory (within-subjects), processing speed (within-subjects), planning (within-

subjects), and depression (within-subjects), the amount of heterogeneity and the direction 

of the findings can be explained through sensitivity analyses.  However, for a few results, 
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moderate or considerable heterogeneity was found and was not accounted for.  Due to 

too few studies, sensitivity analyses could not be conducted for attention (healthy 

controls), planning (healthy controls) or depression (healthy controls), which left 

considerable heterogeneity unaccounted for.  With respect to verbal fluency (healthy 

controls), sensitivity analyses were conducted but did not account for the considerable 

variance.  When variance is not well accounted for, it decreases confidence in the finding.  

There are a variety of possible explanations for the remaining heterogeneity.  After 

categorizing studies by study design and cognitive domain, few studies remained in the 

analyses.  It is possible that with more data, a more consistent pattern would emerge and 

more sensitivity analyses could be conducted.  It is also possible that variables other than 

the ones included in the sensitivity analyses may account for the heterogeneity. These 

other variables could include: age, education, genetics in a subpopulation, type of cancer, 

stage of cancer, unreported previous treatments, co-interventions (e.g., surgery), and 

specific chemotherapy drugs other than biological chemotherapy.   

     15.5.1 The role of age and education.  Although it was planned to examine the role 

of age and education through sensitivity analyses, a lack of data related to these variables 

precluded these analyses.  Proponents of the frontal lobe aging hypothesis proffer that age 

may account for some of the unexplained variance in studies examining the effects of 

chemotherapy on cognition (Ahles, 2012).  In the present meta-analysis the groups 

treated with chemotherapy were statistically significantly older than the healthy and 

cancer control groups.  Education also varied among the groups, with groups treated with 

chemotherapy having statistically significantly less education than the cancer control 

group; the healthy control groups had the least education.  Although there were too few 
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studies to conduct meta-regressions on age or education and cognitive function, it is 

possible that the difference in age between groups treated with chemotherapy and healthy 

or cancer control groups, and the difference in education between the chemotherapy and 

cancer control groups, may have accentuated the differences in cognitive performance 

(Ono et al., 2015).  However, more research is needed.  In the current meta-analysis, there 

was also a difference in age range for between- and within-subjects designs.  In 

comparison to between-subjects designs, in which mean ages ranged from 41.53 to 62.00 

years, there was a greater mean age range across studies in within-subjects designs, with 

mean ages ranging from 30.22 to 60.00 years.  Although no aging analyses could be done 

specifically on the group, it is possible that including studies with younger adults may 

have masked adverse effects of chemotherapy on older adults, who may have 

demonstrated less improvement in cognitive function following chemotherapy (Collette 

& Salmon, 2014).  Future research may consider including older adults, potentially older 

than were included in this meta-analysis, to better understand the relationship between 

age and cognitive outcomes in individuals with cancer.   

     Higher education is associated with cognitive reserve and was therefore hypothesized 

to be a protective factor, decreasing the adverse effects of chemotherapy on cognition 

(Ahles, 2012).  In the current meta-analysis, individuals in the cancer control groups had 

the highest levels of education, followed by individuals treated with chemotherapy, and 

then healthy controls.  Acknowledging the caveat that there were significant amounts of 

missing data associated with level of education for individuals in all conditions/groups, 

groups receiving chemotherapy were more educated but performed less well than the 

healthy controls.  One explanation is that education was not a factor that influenced 
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cognitive outcomes, or another is that the amount of missing educational data biased 

the results.  It is also possible that higher education was a protective factor for individuals 

in the chemotherapy group; however, the improvement in scores due to higher education 

was insufficient, such that individuals in the chemotherapy group still performed worse 

than the healthy controls on a number of cognitive domains.  Other factors, such as 

anxiety and depression, which were related to a cancer diagnosis, may have also 

accounted for worse performance in a number of the frontal lobe cognitive domains in 

comparison to healthy controls, despite the higher educational attainment of this group.  

However, due to limited data, meta-regressions or sensitivity analyses could not be 

conducted to evaluate these explanations.    

     15.5.2 Factors influencing a subset of the population 

     In addition to age and education, another reason for unexplained variance may be that 

a subset of the individuals included in the studies may be more vulnerable to frontal lobe 

dysfunction.  Therefore, when data are aggregated to summarize an effect in a population, 

it may have the unintended effect of masking a decline in cognitive function that occurs 

in a subset of the population (Hodgson et al., 2013; Kesler et al., 2013).  Individuals with 

certain genetic variations, such as allele 4 of the Apolipoprotein E gene (ApoE4), are 

more likely to develop deficits due to age-related cognitive decline and are less likely to 

recover following illness or injury (Ahles et al., 2003).  Conceptualizing chemotherapy as 

an insult to the brain, it follows from the preceding research that cytotoxic drugs may 

interact with the genetic vulnerability to increase a person’s risk of cognitive deficits 

(Ahles et al., 2003).  Although the pathway through which the ApoE4 allele leads to 

cognitive difficulties is unclear, several hypotheses have been proffered, including: 
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abnormal microvascular, abnormal neuronal repair processes, or reduced volumes in 

specific brain regions, such as the hippocampus (Nicoll, 1996; Plassman et al., 1997). 

     Consistent with their hypothesis, Ahles et al. (2003) found that being a carrier of an 

ApoE4 allele was predictive of cognitive status post-chemotherapy.  The study consisted 

of women who were four to 12 years post treatment for breast cancer or who had 

lymphoma treated with standard dose chemotherapy.  After controlling for relevant 

demographic and diagnosis-related variables, individuals with at least one ApoE4 allele 

showed deficits in visual memory and spatial ability.  There was a trend towards worse 

psychomotor functioning, however this was not statistically significant.  Despite the 

differences in deficits between the two groups, both groups fell within the normal range, 

indicating that deficits due to chemotherapy are likely to be subtle.  The authors 

concluded that the e4 allele of ApoE may be a genetic indicator of elevated risk for worse 

cognitive outcomes following chemotherapy.  As the current meta-analysis did not 

include an analysis of genetic risk factors for frontal lobe dysfunction, it may be a 

contributing factor to the unexplained variance.  Furthermore, acknowledging that 

including all individuals, regardless of genetic vulnerability, may make it more difficult 

to find statistically significant results among the population as a whole, it increases 

confidence that participants in the chemotherapy groups did in fact perform worse than 

participants in the healthy and cancer control conditions.  For within-subjects designs, it 

is also likely that a portion of the sample that was more vulnerable to chemotherapy but 

other factors, such as practice effects or pre-chemotherapy anxiety, further obscured the 

results leading to improved scores post-chemotherapy.   
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15.6   Fixed and Random Effects Results 

     The fixed effects model is an estimate of one true effect size, whereas the random 

effects model is an estimate of the average of the entire distribution of possible effects 

(Nikolakopoulou, Mavridis, & Salanti, 2014).  This conceptual and statistical difference 

between the models has implications for the results.  For domains in which there was a 

statistically significant difference for fixed, but not random effect models, it suggests 

between-study heterogeneity (Higgins & Green, 2011; Nikolakopoulou et al., 2014).  In 

other words, the studies included in the meta-analysis may not have been measuring one 

effect; rather it may have been measuring several true effects (Nikolakopoulou et al., 

2014).  For example, for between-subjects designs comparing individuals treated with 

chemotherapy to cancer or healthy control groups, fixed effects models were statistically 

significant with moderate to considerable heterogeneity, respectively.  In both cases, the 

heterogeneity was accounted for by removing individuals treated with biological 

chemotherapy.  In the analysis with cancer controls, considering only individuals 

administered list-based memory tests also accounted for the heterogeneity.  Therefore, the 

results suggest that the results for short-term memory comparing chemotherapy and 

cancer or healthy control groups were derived from studies that were not measuring the 

exact same outcome.  There is evidence of worse outcomes for short-term memory in 

comparison to cancer controls; however, other factors (e.g., type of chemotherapy, type 

of neuropsychological test) are important to consider when interpreting the results.  

Similarly, when comparing chemotherapy and healthy control groups or pre- and post- 

treatment, statistically significant differences between the groups were found for fixed, 

but not random effects models.  None of the heterogeneity was accounted for by the 
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sensitivity analyses run (within-subjects) or there were too few studies to run 

sensitivity analyses (between-subjects).  Confidence in the results is decreased, as the 

reason for the heterogeneity is unknown and the results suggest that the studies are not 

similar enough to be pooled and summarized with meta-analytic techniques.  Lastly, 

working memory in within-subjects designs was also statistically significant for fixed, but 

not random effects models.  As the heterogeneity was accounted for by type of 

neuropsychological test administered, the results suggest that the variety of measures 

assessing working memory between studies led to an assessment of different cognitive 

abilities within the overarching domain of working memory, leading to increased 

heterogeneity.  For example, one study may have used a measure of working memory 

that was more pure.  In comparison, another study may have used a measure of working 

memory that relied heavily on processing speed.  

15.7   Limitations of the Current Meta-Analysis Identified Through ROBINS  

     The purpose of the ROBINS tool was to rate studies on factors that may confound the 

results and limit the level of confidence and the generalizability of the findings.  The 

examined factors include confounding, selection bias, intervention measurement, 

intended interventions, missing data, outcome measurement, and reported results. With 

respect to confounding, factors such as unknown prior exposure to chemotherapy, were 

identified as potentially decreasing confidence in the findings of the current meta-analysis 

(e.g., Capuron, 2001; Denicoff, 1987; Jacobsen, 2004; Mulder, 2014; Natori, 2015).  For 

selection bias, factors such as failing to describe the recruitment strategy, the number of 

individuals who declined participation in the studies, and reasons for declining 

participation were identified as possible sources of bias (Bury, 2014; Collins, 2013; 
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Cheng, 2013; Cheung, 2015).  Bias related to intervention measurement and intended 

interventions centered on the amount of variability due to differing diagnoses and 

differing treatment protocols.  Possible biases related to missing data included failing to 

give a reason for non-completers, or the reasons given suggested possible systematic bias 

(e.g., the assessment was too stressful, participants were too busy to complete testing).  

When considering bias due to outcome measures, testing protocols were identified as the 

source of potential bias; as only studies that used reliable and valid neuropsychological 

tests and psychological measures were included in the current meta-analysis, bias arose 

from the testing situation (e.g., time between administrations).  Although the 

neuropsychological tests were reliable and valid, it is likely that the varying tests that 

comprise a domain measured different cognitive processes.  For example, given that the 

type of test administered (i.e., a coding task) accounted for much of the heterogeneity for 

processing speed (within-subjects designs), it suggests that the measures of processing 

speed in the initial analysis may not have assessed the same construct across studies.  It is 

possible that coding tasks, which are more cognitively demanding than other measures of 

processing speed that rely on reaction time or simple scanning (e.g., Headminder 

processing speed index), may have been more sensitive to difficulties with processing 

speed prior to chemotherapy.  With respect to reported results, none of the studies 

included published protocols prior to completing the research, such that no comparison 

could be completed to ensure completeness of reported results.   Rather, assessment of 

bias in reported results was based on a comparison between the methods and results or 

discussion sections of each study.  In the current meta-analysis, results tended to be 
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reported but, occasionally, there was insufficient data to calculate the SMD.  For 

further discussion of limitations identified by the ROBINS tool please see Appendix H.  

15.8   Limitations of the Meta-Analysis Identified by the GRADE Approach   

        In addition to limitations due to risk of bias for individual studies, the following 

factors were considered for each domain on a more global scale: risk of bias, 

inconsistency, indirectness, imprecision, and publication bias.  Serious ratings were 

assigned for risk of bias and imprecision for the majority of studies.  Small sample sizes 

and ratings of high risk of bias were the primary considerations.  Publication bias was 

rated as “not serious” for each domain as there were too few studies to assess publication 

bias.  Therefore the risk of publication bias is unknown in this meta-analysis, which also 

decreases confidence in the results.   

     It is important to note, however, that according to the Cochrane handbook for 

systematic reviews of interventions, observational studies are assigned a low grade of 

quality due to the lack of random assignment (Higgins & Green, 2011).  Due to the nature 

of the present meta-analysis, randomization would be unethical.  As such, a floor effect 

may have occurred in the current meta-analysis with all studies being considered to have 

a very low quality rating.  Future research may investigate the utility of dividing the 

“low/very low” categories into more levels to allow for some variation among studies 

when rating the level of quality.  More variation could provide more information about 

the study design.  For example, if researchers matched controls and patients on variables 

known to influence cognitive function (e.g., age, sex, and education) and developed 

structured methods of recruitment (e.g., all patients with a specific diagnosis are invited 

to participate and the data produced by the patient, even if not complete, are used in the 
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analysis), it is likely to be less biased than a study in which there is no matching and 

no systematic recruitment approach.  

15.9   Strengths of the Current Meta-Analysis  

          The primary strength of the current meta-analysis is the utilization of the Cochrane 

structure for conducting systematic reviews.  Employing a systematic approach, that 

includes the use of a two-rater approach for data collection, data sorting, and risk of bias 

assessments, sets the foundation for a review that is less likely to be biased by researcher 

error.  Employing research-based tools, such as the ROBINS and GRADE criteria, also 

increases the strength of the review.    

    Although the ROBINS tool and the GRADE approach identified limitations of the 

current meta-analysis, the implementation of these tools is a strength, as it leads to a 

systematic manner in which studies are evaluated and the results are weighed.  With 

respect to the ROBINS tool, it captures more aspects of risk of bias than more traditional 

check-lists, such as the Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) statement, which tend to restrict risk of bias assessment to the 

completeness of reported study information (Tate & Douglas, 2011; von Elm et al., 

2007).  The ROBINS tool assesses adequate reporting of data and a number of other key 

factors at every stage of a study (e.g., confounding prior to the study through reporting of 

results).  As such, it is arguably a more comprehensive measure of bias than a checklist 

and raises important considerations when rating the level of quality and confidence in the 

results.  Similarly, the GRADE approach provides a systematic way of considering the 

overall quality of evidence and giving a concise rating of the confidence in results.  

Providing a systematic structure for assessment ensures that risk of bias, inconsistency, 
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indirectness, imprecision, and publication bias are considered for each outcome.  As 

such, a strength of the current meta-analysis is the structure and thorough consideration 

of factors potentially influencing the conclusions.   

     In addition to the systematic manner in which the meta-analysis was conducted, other 

strengths of the current meta-analysis include the examination of limited therapies (i.e., 

only chemotherapy with or without surgery) and its focus on frontal lobe functions.  

Limiting treatment to chemotherapy, with or without surgery, reduces the number of 

possible confounding factors (e.g., concurrent radiation therapy) and increases confidence 

in the findings of the current meta-analysis (Tang, Luo, Rong, Shi, & Peng, 2012).  

Focusing on distinct frontal lobe functions also gives a more in-depth picture of the 

pattern of damage due to chemotherapy.  Often studies have combined these functions 

into a single category termed “executive functions”.  This is problematic as this is a broad 

term, which encompasses a number of distinct cognitive functions with different neural 

correlates that may have varying levels of vulnerability to chemotherapy (Nguyen et al., 

2013; Wefel, Saleeba, Buzdar, & Meyers, 2010).  The current study explored a number of 

these cognitive functions as separate entities, providing a more precise picture of the 

pattern of domains that are most vulnerable to the effects of chemotherapy.    

15.10  Summary  

            Nineteen studies assessing the effect of chemotherapy on 7 frontal lobe cognitive 

functions were included in the meta-analysis.  Small to large effect sizes were found; 

however, the direction of the effect depended on the study design.  For between-subjects 

designs, groups treated with chemotherapy performed worse on measures of working 

memory, verbal fluency, short-term memory, and attention.  More symptoms of 
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depression were reported for groups treated with chemotherapy than for healthy 

control groups.  For within-subjects designs, groups performed better on measures of 

inhibition, processing speed, attention, and working memory, following chemotherapy 

compared to pre-chemotherapy scores. Factors such as type of chemotherapy (e.g., 

biological chemotherapy) and neuropsychological test (e.g., coding only) influenced the 

magnitude of the association between chemotherapy and numerous cognitive functions.      

     It is important to consider the findings in the context of the limitations the risk of bias 

and GRADE assessments provided.  Several important factors were noted that influence 

the level of confidence and generalizability of the results.  Specifically, many studies had 

possible biases in the following areas: selection bias (e.g., individuals with cognitive 

deficits/poor coping skills may not have been included), measurement/intervention (e.g., 

diverse chemotherapy protocols), missing data (e.g., failure to describe the way in which 

missing data were handled, inadequate data to include results in the meta-analysis), 

outcome measures (e.g., practice effects), interpretation of the results (e.g., failure to 

adjust for demographic characteristics), and reported results (e.g., failure to publish a 

study protocol).  Due to difficulties noted in the risk of bias assessment, the observational 

nature of the studies, and the relatively small number of included studies in the meta-

analysis, the overall quality of the evidence was graded as very low.  As such, the results 

should be interpreted with some caution.  

      While risk of bias and quality considerations may decrease confidence in the results, 

considering individual factors, such as cognitive reserve, genetic vulnerabilities, and 

psychological factors (depression), may increase confidence in the meta-analytic 

findings.  For example, if individuals with higher cognitive reserve are more likely to 
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volunteer for a neuropsychological study than individuals with less cognitive reserve, 

who may be overwhelmed with the demands of an assessment, it is possible that the 

current results are an underestimation of the actual effect of chemotherapy.  Furthermore, 

there is evidence that a subset of the population is more vulnerable cognitively to 

chemotherapy (e.g., ApoE4 carriers, genetic predisposition to psychological distress), 

thus it is also possible that worse outcomes would be observed in this subsample when 

the results are not diluted by the unaffected majority (Ahles et al., 2003).  Therefore 

confidence is increased in the findings of the current meta-analysis when group 

differences were found for between-subjects designs and changes over time for within-

subjects designs in a population where changes or differences in cognitive function were 

potentially less likely to be observed.  The results provide evidence that frontal lobes are 

vulnerable to chemotherapy and should be an area of focus for future studies.   

15.11 Future Directions and Conclusion      

     A number of directions for future research were identified through the completion of 

this Cochrane-style review.  Future studies should focus on systematic recruitment, such 

that all potential candidates are invited to participate and, regardless of the completeness 

of data, are included in the analyses.  When the data are published, ensuring both null and 

statistically significant findings are reported will improve the completeness of future 

meta-analyses.  It is also important to identify the type of data (e.g., z-scores, standard 

scores, raw scores) and to better describe the extent to which factors such as age and 

education may be influencing the results and the extent to which the results can be 

generalized.  Lastly, employing both within- and between-subjects designs within a single 

study may better describe the extent to which practice effects and anxiety are influencing 
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the results.  As this meta-analysis demonstrated worse cognitive outcomes, with 

respect to frontal lobe functions, for individuals treated with chemotherapy in comparison 

to healthy or cancer controls, further research is needed to better understand the specific 

risk factors associated with increased vulnerability for cognitive difficulties due to 

chemotherapy.  As demonstrated through improved performance following chemotherapy 

in within-subjects designs, factors such as anxiety may also be influencing test results.  

As such, future studies may focus on protective factors, such as low anxiety, as a means 

of addressing cognitive difficulties.   

     Future research, clearly identifying neuropsychological tests most sensitive to 

detecting cognitive difficulties due to chemotherapy, will help individuals track their 

cognitive function, enter chemotherapy with realistic expectations, and recover.  

Furthermore, psychological factors that accompany chemotherapy, and the timeline when 

these factors are most likely to influence cognitive function, also have important 

treatment implications.  With a better understanding of the cognitive effects of 

chemotherapy and the role of psychological factors, cognitive and psychological 

rehabilitation programs can be tailored to the specific needs of cancer patients.  
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Appendix A 

Database specific search terms  

 

PsycInfo Ovid MEDLINE(R) 1806 to September 15, 2015 

 

Line  Searches 
Number 

of Results 

1 exp Neoplasms/ [**Cancer] 39044 

2 (carcinoma$ or neoplasia$ or neoplastic).tw,ot. [**Cancer] 2297 

3 

(cancer$ or precancer$ or carcinoma$ or neoplas$ or 

adenocarcinoma$ or metasta$ or malignan$ or tum?r$).tw,ot. 

[**Cancer] 

59275 

4 1 or 2 or 3 [**Cancer combined] 61618 

5 chemotherap$.tw,ot. 4759 

6 4 and 5 [**Cancer + Chemotherapy] 3736 

7 exp Cognition/ 25793 

8 
neuropsychology$.mp. or neuropsychological tests/ or 

neuropsychological assessment 
21307 

9 

((cognit$ or memory or cerebr$ or mental$ or attention or speed or 

executive function or spatial or visuo or visual or psychomotor or 

motor or concentrat$ or problem solving or neurocognit$) adj4 

(declin$ or impair$ or loss or deteriorat$ or complain$ or disturb$ or 

disorder$)).tw,ot. 

175873 

10 chemo brain.mp. 19 

11 chemobrain.mp. 35 

12 7 or 8 or 9 or 10 or 11 [**cognition] 214854 

13 6 and 12 [**Cancer + Chemo + Cognition] 354 

14 limit to adulthood (18+) 168 

exp -explode 

$     -truncate 

.tw  -text word 

.ot   -original title 
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Cumulative Index to Nursing and Allied Health Literature EBSCO 

(CINAHL;1937- September 15, 2015) 

Line  Searches 
Number of 

Results 

1 (MH “Neoplasms+”) [**Cancer]   155,987 

2 TX(carcinoma* or neoplasia* or neoplastic) [**Cancer] 29,823 

3 TX (cancer* or precancer* or carcinoma* or neoplasm* or 

adenocarcinoma* or metasta* or malignan* or tumor* or tumour*) 

[**Cancer] 

206,104 

4 1 or 2 or 3 [**Cancer combined] 206,104 

5 (MH "Chemotherapy, Cancer+") OR (MH "Chemotherapy, 

Adjuvant") OR "chemotherap*"  
39,174 

6 4 and 5 [**Cancer + Chemotherapy 28,616 

7 (MH "Cognition+")  38,244 

8 (MH "Neuropsychology") OR (MH "Neuropsychological Tests") 26487 

9 TX (cognit* or memory or cerebr* or mental* or attention or speed or 

executive function or spatial or visuo or visual or psychomotor or 

motor or concentrate* or problem solving or neurocognit*)  

 

795,745 

10 ("cognitive declin*" or "cognitive impair*" or "cognitive deteriorat*" 

or "cognitive complain*" or "cognitive disturb*")  

 

12,527 

11 TX "chemo brain" OR TX chemobrain  198 

12 7 or 8 or 9 or 10 or 11 [**cognition] 802,804 

13 6 and 12 [**Cancer + Chemo + Cognition] 3109 

14 limit to all adult 1358 

MH -exact subject heading 

TX  -all text 

*     -truncation symbol 
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Cochrane Central Register of Controlled Trials (CENTRAL; September 15, 2015) 

Line  Searches 
Number 

of Results 

1 MeSH: [neoplasms] explode all trees [**Cancer]   54,521 

2 carcinoma* or neoplasia* or neoplastic:ti, ab, kw [**Cancer] 23,362 

3 MeSH: [Adenocarcinoma] explode all trees  [**Cancer] 4817 

4  metasta*:ti,ab,kw [**Cancer] 16,540 

5 malignan*:ti,ab,kw [**Cancer] 9105 

6 tumor*: ti,ab,kw   [**Cancer] 24,890 

7 tumour *: ti,ab,kw   [**Cancer] 5411 

8 #1 or #2 or #3 or #4 or #5 or #6 or #7 [**Cancer combined]  84776 

9 MeSH: [drug therapy] explode all trees 119189 

10 chemotherapy:ti,ab,kw    35739 

11  #9 and #10 [** Chemotherapy] 15927 

12 8 and 11 [**Cancer + Chemotherapy] 14,559 

13 MeSH:[Cognition] explode all trees 7035 

14 Cognition: ti, ab, kw 12321 

15 MeSH: [Neuropsychology]  20 

16 Neuropsychology: ti, ab, kw 194 

17 MeSH: [Neuropsychological Tests] 4547 

18 Neuropsychological Tests: ti, ab, kw 5937 

19 

cognit* or memory or cerebr* or mental* or attention or speed or 

executive function or spatial or visuo or visual or psychomotor or 

motor or concentrate* or problem solving or neurocognit*:ti,ab,kw 

(word variations have been searched)  

 

136673 

20 

"cognitive declin*" or "cognitive impair*" or "cognitive 

deteriorat*" or "cognitive complain*" or "cognitive disturb*": 

ti,ab,kw (word variations have been searched) 

3495 

ab  -abstract 

kw -key words 

ti    -title 

*    -search all terms related to a word root 
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Open Access Theses and Dissertations (September 16
th

, 2015) 

1 cancer, neoplasm  341 

2 neoplasms, carcinoma, carcinomas, neoplasia, neoplastic  12367 

3 precancer, carcinoma, or adenocarcinoma, metastatic, metastasis, 

malignant, malignancy, tumor, tumour, tumors, tumours  

35527 

4 (precancer, carcinoma, or adenocarcinoma, metastatic, metastasis, 

malignant, malignancy, tumor, tumour, tumors, tumours) AND 

(neoplasms, carcinoma, carcinomas, neoplasia, neoplastic) AND (cancer, 

neoplasm)  

6095 

5 chemotherapy, chemotherapies   61 

6 (( precancer, carcinoma, or adenocarcinoma, metastatic, metastasis, 

malignant, malignancy, tumor, tumour, tumors, tumours) AND 

(neoplasms, carcinoma, carcinomas, neoplasia, neoplastic) AND (cancer, 

neoplasm) ) AND (chemotherapy, chemotherapies)  

495 

7 cognition, neuropsychological, memory, cerebral, mental, attention, speed, 

executive function, spatial, visuo, visual, psychomotor, motor, 

concentrate, concentration, problem solving, neurocognition  

626900 

8 chemobrain, chemo brain  0 

9 cognitive decline, cognitive impairment, cognitive deterioration, cognitive 

complaints, cognitive disturbance, cognitive deficit  

92806 

10 (cognition, neuropsychological, memory, cerebral, mental, attention, 

speed, executive function, spatial, visuo, visual, psychomotor, motor, 

concentrate, concentration, problem solving, neurocognition) OR 

(cognitive decline, cognitive impairment, cognitive deterioration, 

cognitive complaints, cognitive disturbance, cognitive deficit) 

675317 

11 ((cognition, neuropsychological, memory, cerebral, mental, attention, 

speed, executive function, spatial, visuo, vis1ual, psychomotor, motor, 

concentrate, concentration, problem solving, neurocognition) OR 

(cognitive decline, cognitive impairment, cognitive deterioration, 

cognitive complaints, cognitive disturbance, cognitive deficit) ) AND 

((( precancer, carcinoma, or adenocarcinoma, metastatic, metastasis, 

malignant, malignancy, tumor, tumour, tumors, tumours) AND 

(neoplasms, carcinoma, carcinomas, neoplasia, neoplastic) AND 

(cancer, neoplasm) ) AND (chemotherapy, chemotherapies) ) 

118 
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ProQuest Dissertation and Theses (September 16, 2015) 

Line  Searches 

Number 

of 

Results 

1 

Neoplasm? or carcinoma* OR neoplasia* OR neoplastic or cancer* OR 

preconcert* OR carcinoma* OR neoplasm* OR adenocarcinoma? OR 

metasta* OR malignant* OR tum?r* -Abstract  

69133 

2 chemotherapy or chemotherapies – Abstract  3798 

3 

Cognition or neuropsychology*, or chemo brain OR chemobrain, or 

neuropsychological tests/ OR neurological assessment, cognit* OR 

memory OR cerebra* OR mental* OR attention OR speed OR 

executive function OR spatial OR visuo OR visual OR psychomotor 

OR motor OR concentrate* OR problem solving OR neurocognit* OR 

decline* OR impair* OR loss OR deteriorate* OR complain* OR 

disturb* OR disorder* - Abstract 

853 

4 Lines 1, 2, and 3 were linked with “and” 200 

* - truncation character 

? - wild card character 
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EMBASE ovid (October 1, 2015) 

Line  Searches 
Number 

of Results 

1 exp Neoplasms/ [**Cancer] 3832247 

2 (carcinoma$ or neoplasia$ or neoplastic).tw,ot. [**Cancer] 840449 

3 

(cancer$ or precancer$ or carcinoma$ or neoplas$ or 

adenocarcinoma$ or metasta$ or malignan$ or tum?r$).tw,ot. 

[**Cancer] 

3288029 

4 1 or 2 or 3 [**Cancer combined] 731277 

5 chemotherap$.tw,ot. 449041 

6 4 and 5 [**Cancer + Chemotherapy] 72038 

7 exp Cognition/ 1582043 

8 
neuropsychology$.mp. or neuropsychological tests/ or neurological 

assessment 
60335 

9 

((cognit$ or memory or cerebr$ or mental$ or attention or speed or 

executive function or spatial or visuo or visual or psychomotor or 

motor or concentrat$ or problem solving or neurocognit$) adj4 

(declin$ or impair$ or loss or deteriorat$ or complain$ or disturb$ or 

disorder$)).tw,ot. 

317450 

 

10 chemo brain.mp. 
 

79 

11 chemobrain.mp. 163 

12 7 or 8 or 9 or 10 or 11 [**cognition] 1806156 

13 6 and 12 [**Cancer + Chemo + Cognition] 13258 

14 

 

limit to adulthood (18+) 

 

3072 

exp  - explode 

$      -limited truncation 

?      -optional wild card 

tw.   -text word 

ot.    -original title 
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Allied and Complementary Medicine Database (AMED; 1985- October 1, 2015) 

Line  Searches 
Number 

of Results 

1 exp Neoplasms/ [**Cancer] 13033 

2 carcinoma$ or neoplasia$ or neoplastic [**Cancer] 1317 

3 
cancer$ or precancer$ or carcinoma$ or neoplas$ or 

adenocarcinoma$ or metasta$ or malignan$ or tum?r$ [**Cancer] 
16331 

4 1 or 2 or 3 [**Cancer combined] 16747 

5 chemotherapy 1214 

6 4 and 5 [**Cancer + Chemotherapy] 1076 

7 exp Cognition/ 2027 

8 
neuropsychology$.mp. or neuropsychological tests/ or neurological 

assessment 
901 

9 

((cognit$ or memory or cerebr$ or mental$ or attention or speed or 

executive function or spatial or visuo or visual or psychomotor or 

motor or concentrat$ or problem solving or neurocognit$) adj4 

(declin$ or impair$ or loss or deteriorat$ or complain$ or disturb$ or 

disorder$)).tw,ot. 

15252 

 

11 chemobrain.mp. 2 

12 7 or 8 or 9 or 10 or 11 [**cognition] 17447 

13 6 and 12 [**Cancer + Chemo + Cognition] 26 

14 limit to adulthood (18+) 26 

exp. -explode 

$      -truncation symbol 

?      -wild card symbol 

tw.   -text word 

ot.    -original title 
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Appendix B 

A Meta-Analysis of Neuropsychological and Subjective Cognitive Outcomes Following 

Chemotherapy– Systematic Review Extraction Sheet 
Article general information 

Reference:  

Country (authors):  

City, Country 

(where research 

occurred, language): 

 

Sources of funding/ 

Declared Conflict of 

Interests: 

 

Ethics Approval:  

Participant 

characteristics 
Chemotherapy Group Control Group 

# of total enrolled 

participants: 
  

# of participants in 

each group 

  

Age: mean (range; 

σ) 

  

Sex:    
Education: mean 

(range; σ) 

  

Ethnicity:    
Facility (e.g., 

hospital, 

community) 

  

Disease 

characteristics or 

control group 

characteristic: 

(diagnosis) 

  

Disease Stage (% 0-

4) 

 

 Recurrent                1
st
 Diagnosis 

 

Recurrent                 1
st
 

Diagnosis 

# of withdrawals, 

exclusions, lost to 

follow-ups (reason): 

  

Inclusion Criteria   

Exclusion Criteria   

Study characteristics 

Aim/Objective of 

the study: 

 

 

Years of research 

study (e.g., 2005-

2006, if stated):  

 

 

 

 

Study design:  RCT Cross-sectional study Controlled before-and-after study Case 
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series/uncontrolled longitudinal study 

 

Measures  

Objective 

Cognitive 

Measures: test 

name (cognitive 

domain assessed) 

 

Subjective 

Cognitive 

Measures:  

Questionnaire 

(cognitive domain) 

 

Other measures: 

Test name (domain 

assessed) 

 

Intervention 

Chemotherapy Control Group 

Therapy 

(chemotherapy 

name; dose) 

  

Other therapy 

(name; dose) 

  

Length of time since 

Treatment was 

completed 

  

  Results and Specific Statistics 

Neuropsychologica

l Findings: (Test: 

mean, measure of 

variance/error, 

significance test) 

  

Subjective 

Findings:(Test: 

mean, measure of 

variance/error, 

significance test) 

  

Other Notable 

Findings 

  

Author’s General Conclusions  

Finding 1: 

Finding 2: 

Finding 3: 

Finding 4: 

Finding 5: 

Author’s Conclusions/Implications: 

Reported Limitations: 

Other descriptive findings/notes (from reviewer) 
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Appendix C 

Grouping of Neuropsychological Tests by Cognitive Domain 

Short-Term Memory 

Neuropsychological Tests or Measures Reference  

Short Story Test Valentijn et al., 2005 

Rey Auditory Verbal Learning Test Spreen & Strauss, 1998 

California Verbal Learning Test Spreen & Strauss, 1998 

Hopkins Verbal Learning Test-Revised  Brandt & Benedict, 2007 

Headminder: Memory Erlanger et al., 2002 

Luria Memory Words Test  Altepeter, 1990 

RBANS Immediate Memory  Randolph, 2012 

High Sensitivity Cognitive Screen: Memory  Fogel, 1991 

Verbal Learning Test Sturm & Willmes, 1999 

 

Inhibition 

Neuropsychological Tests/Measures Reference 

Stroop: Color word interference Spreen & Strauss, 1998 

 

Working Memory 

Neuropsychological Tests/Measures Reference  

Digit Span (WAIS-III; WAIS-IV): Backwards Wechsler, 2012 

Hilbert et al., 2015 

4 word short term memory test Morrow & Ryan, 2002 

Trail Making Test-B Sánchez-Cubillo, 2009 

Spatial working memory (CANTAB) Cambridge Cognition Ltd., 2016 

 

Verbal Fluency 

Neuropsychological Tests/Measures Reference  

Controlled Oral Word Association: Word fluency Kreutzer, 2001 

Word Generation, Dementia Rating Scale Jurica, Leitten, & Mattis, 2002 

 

 

 

 

https://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjF3bC9uIrNAhUVKlIKHdivBH4QFgggMAA&url=http%3A%2F%2Fpearsonclinical.com%2Fpsychology%2Fproducts%2F100000166%2Fcalifornia-verbal-learning-test--second-edition-cvlt-ii.html&usg=AFQjCNFN26nRffsBVASTGSZTU-ILTgrlww&sig2=loPjuuvhd8OXlGmNVaymaw&bvm=bv.123664746,d.amc
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Planning 

Neuropsychological Tests/Measures Reference  

Stockings of Cambridge Cambridge Cognition, 2005 

Leistungprufsystem-subtest 3 Horn, 1983 

High Screen Cognitive Screen: Self-regulation and 

planning 

Fogel, 1991 

Raven Progressive Matrices Raven, 2000 

 

Simple Attention 

Neuropsychological Tests/Measures Reference  

Headminder, attention Erlanger et al., 2002 

Stroop-Word reading subtest Spreen & Strauss, 1998 

RBANS: Attention  Randolph, 2012 

High Screen Cognitive Screen: Attention  Fogel, 1991 

Wechsler Adult Intelligence Scale: Digit span 

forward Conklin et al., 2000; Miloyan et 

al., 2014  

The attention and perceptiveness test (Test 

Uwagi I spostrzegawczosci) 

Ciechanowicz & Stanczak, 2006 

 

Processing Speed 

Neuropsychological Tests/Measures Reference  

Headminder Processing Speed Erlanger et al., 2002 

Symbol Scanning Hess et al., 2010 

Digit symbol (WAIS-III)/ Coding (WAIS-IV) Wechsler, 2012 

Trail Making Test-A Sánchez-Cubillo, 2009 
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Depression 

Self-report Measures Reference  

Hospital depression and anxiety scale: Depression Zigmond & Snaith, 1983 

Beck Depression Inventory Beck, 1992 

Center for Epidemiologic Studies: Depression  Radloff, 1977 

 

Anxiety 

Self-report Measures Reference  

State Trait Anxiety Inventory Spielberger, 1989 

Hospital Anxiety and Depression Scale: Anxiety  Zigmond & Snaith, 1983 

Symptom Check List -90 Derogatis, 1992 

 

 

 

 

 

 

 

Subjective Cognitive Symptoms 

Self-report Measures Reference  

Patient’s Assessment of Own Functioning  

(PAOF) Inventory 

Chelune, Heaton, Heaton, & 

Lehman, 1986 

Attentional Function Index Cimprich, Visovatti, & Ronis, 

2011 

Functional Assessment of Cancer Therapy-

cognitive function (FACT-COG) 

Cella et al.,1993 

Cognitive Failures Questionnaires Broadbent, Cooper, FitzGerald & 

Parkes, 1982 

Cognitive Difficulties Scale McNair & Kahn, 1984 
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Appendix D 

 

ROBINS-Risk of Bias 

Author, Year 

 

Step 1: Compare the study to the Generic Target Randomized Trial (General) 
 

Does chemotherapy lead to cognitive deficits in individuals with cancer? Participants (with and without cancer) of the same age and level of education 

would be randomly assigned to control and experimental groups (if in a group with cancer, then all participants would have the same stage, type of cancer, 

and treatment for cancer):  

 

Controls: healthy (receiving a placebo); healthy (placebo/sham surgery); healthy (radiation); cancer (placebo); cancer (placebo and sham surgery); cancer 

(radiation). 

 

Experimental Groups: healthy (receiving chemotherapy); healthy (surgery and chemotherapy); cancer (chemotherapy); cancer (surgery and chemotherapy).  

 

Participants in the experimental group are assessed before chemotherapy, after chemotherapy and at yearly follow-ups; control participants are tested at 

equivalent points in time.  Participants are assessed with neuropsychological test batteries and valid/reliable psychological and cognitive deficit 

questionnaires.  There are sufficient versions of neuropsychological tests used such that practice effects are a non-issue.  Participants and Assessors (i.e., the 

neuropsychologists) are unaware of treatment status (participants don’t know if they had received chemotherapy/placebo or, surgery/sham surgery AND 

participants wear clothing that camouflage any obvious signs that would indicate to which group they belonged (e.g., hair loss was masked)).  All 

participants are available for each re-testing period and complete all measures and there are enough participants to ensure adequate power.    

 

Step 2: Compare to a specific Generic Target Randomized Trial (for this study) 

 

Study Type: Cross-sectional Design-Chemotherapy Only   
     Participants of the same age, level of education, type/stage of cancer, and receiving the same treatment (e.g., same chemotherapy, dose) would be 

recruited for 3 groups (Group 1: assessed before chemotherapy; Group 2: tested immediately after completing chemotherapy; Group 3 one year following 

completion of chemotherapy (no re-occurrences of cancer)).    Participants are assessed with neuropsychological test batteries and valid/reliable 

psychological and cognitive deficit questionnaires. Assessors (i.e., the neuropsychologist) are unaware of the purpose of the study or the participant’s 

treatment with chemotherapy (participants wear clothing that camouflages any obvious signs of chemotherapy exposure (e.g., hair loss was masked)).  

Participants complete all measures.  There are enough participants to ensure adequate power.    
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Cross-Sectional Design-Chemotherapy and surgery 
     Participants of the same age, level of education, type/stage of cancer, and receiving the same treatment (e.g., same surgery, same chemotherapy) would 

be recruited for 4 groups (Group 1: assessed before surgery and before chemotherapy; Group 2: assessed after surgery but before chemotherapy; Group 3: 

tested immediately after completing chemotherapy; Group 4 one year following completion of chemotherapy (no re-occurrences of cancer) OR Group 1: 

assessed before chemotherapy; Group 2: assessed after chemotherapy; Group 3 assessed after surgery and chemotherapy; Group 4: assessed at one year 

following completion of treatment).    Participants are assessed with neuropsychological test batteries and valid/reliable psychological and cognitive deficit 

questionnaires.  Assessors (i.e., the neuropsychologist) are unaware of the purpose of the study or the participants’ treatment with chemotherapy 

(participants wear clothing that camouflages any obvious signs of chemotherapy exposure (e.g., hair loss was masked)).  Participants complete all measures.  

There are enough participants to ensure adequate power.    

 

Study Type: Longitudinal (same participants/within design) –Chemotherapy Only 
     Participants of the same age, level of education, type/stage of cancer, and receiving the same treatment (e.g., same chemotherapy) would be recruited.  

Participants are assessed before chemotherapy, after chemotherapy, and at yearly follow-ups with neuropsychological test batteries and valid/reliable 

psychological and cognitive deficit questionnaires.  There are sufficient versions of neuropsychological tests used such that practice effects are a non-issue.  

Assessors (i.e., the neuropsychologist) are unaware of the purpose of the study or the participants’ treatment with chemotherapy (participants wear clothing 

that camouflages any obvious signs of chemotherapy exposure (e.g., hair loss was masked)).  All participants are available for each re-testing period and 

complete all measures.  There are enough participants to ensure adequate power.    

 

Study Type: Longitudinal (same participants/within design) –Chemotherapy and Surgery 
     Participants of the same age, level of education, type/stage of cancer, and receiving the same treatment (e.g., same chemotherapy) would be recruited.  

Participants are assessed before and after surgery, before and after chemotherapy, and at yearly follow-ups with neuropsychological test batteries and 

valid/reliable psychological and cognitive deficit questionnaires.  There are sufficient versions of neuropsychological tests used such that practice effects are 

a non-issue.  Assessors (i.e., the neuropsychologist) are unaware of the purpose of the study or the participants’ treatment with chemotherapy (participants 

wear clothing that camouflages any obvious signs of chemotherapy exposure (e.g., hair loss was masked))..  All participants are available for each re-testing 

period and complete all measures.  There are enough participants to ensure adequate power.    

 

Study Type: Longitudinal (same participants/within design) –Chemotherapy only or Chemotherapy and Surgery 
     Participants of the same age, level of education, type/stage of cancer, and receiving the same treatment (e.g., same chemotherapy) would be recruited and 

divided in to two groups (chemotherapy only or chemotherapy and surgery).  Participants are assessed before and after surgery, before chemotherapy, after 

chemotherapy, and at yearly follow-ups with neuropsychological test batteries and valid/reliable psychological and cognitive deficit questionnaires.  

Participants in the chemotherapy only group are assessed at comparable intervals.  There are sufficient versions of neuropsychological tests used such that 

practice effects are a non-issue.  Assessors (i.e., the neuropsychologist) are unaware of the purpose of the study or the participants’ treatment with 

chemotherapy (participants wear clothing that camouflages any obvious signs of chemotherapy exposure (e.g., hair loss was masked)).    All participants are 

available for each re-testing period and complete all measures.  There are enough participants to ensure adequate power.    
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Study Type: Controlled Before and After (same participants/within design) –Chemotherapy Only 
     Participants of the same age, level of education, type/stage of cancer, and receiving the same treatment (e.g., same chemotherapy) would be recruited.  

Participants are assessed before and after chemotherapy with neuropsychological test batteries and valid/reliable psychological and cognitive deficit 

questionnaires.  There are alternate versions of neuropsychological tests used such that practice effects are a non-issue.  Assessors (i.e., the 

neuropsychologist) are unaware of the purpose of the study or the participants’ treatment with chemotherapy (participants wear clothing that camouflages 

any obvious signs of chemotherapy exposure (e.g., hair loss was masked)).    All participants are available for each re-testing period and complete all 

measures.  There are enough participants to ensure adequate power.    

 

Study Type: Controlled Before and After (same participants/within design) –Chemotherapy and Surgery 
     Participants of the same age, level of education, type/stage of cancer, and receiving the same treatment (e.g., same chemotherapy) would be recruited.  

Participants are assessed before surgery, after surgery, before chemotherapy, and after chemotherapy with neuropsychological test batteries and 

valid/reliable psychological and cognitive deficit questionnaires.  There are sufficient versions of neuropsychological tests used such that practice effects are 

a non-issue.  Assessors (i.e., the neuropsychologist) are unaware of the purpose of the study or the participants’ treatment with chemotherapy (participants 

wear clothing that camouflages any obvious signs of chemotherapy exposure (e.g., hair loss was masked)).  All participants are available for each re-testing 

period and complete all measures.  There are enough participants to ensure adequate power.    

 

Study Type: Controlled before and after study (same participants/within design) –Chemotherapy only or Chemotherapy and 

Surgery 
     Participants of the same age, level of education, type/stage of cancer, and receiving the same treatment (e.g., same chemotherapy) would be recruited and 

divided in to two groups (chemotherapy and surgery or chemotherapy only).  Participants are assessed before surgery, after surgery, before chemotherapy, 

and after chemotherapy with neuropsychological test batteries and valid/reliable psychological and cognitive deficit questionnaires.  Participants in the 

chemotherapy only group are assessed at comparable intervals.  There are sufficient versions of neuropsychological tests used such that practice effects are 

a non-issue.  Assessors (i.e., the neuropsychologist) are unaware of the purpose of the study or the participants’ treatment with chemotherapy (participants 

wear clothing that camouflages any obvious signs of chemotherapy exposure (e.g., hair loss was masked)).  All participants are available for each re-testing 

period and complete all measures.  There are enough participants to ensure adequate power.    

 

Study Type: Single Time Point (between design) –Chemotherapy/ surgery and healthy control 
     Participants of the same age, level of education, type/stage of cancer, and receiving the same treatment (e.g., same chemotherapy) would be recruited and 

randomly assigned to two groups (chemotherapy and surgery or chemotherapy placebo and sham surgery).  Participants are assessed after treatment with 

neuropsychological test batteries and valid/reliable psychological and cognitive deficit questionnaires.  Healthy participants are assessed at comparable 

intervals.  Assessors (i.e., the neuropsychologist) are unaware of the purpose of the study or the participants’ treatment with chemotherapy (participants 

wear clothing that camouflages any obvious signs of chemotherapy exposure (e.g., hair loss was masked)).  All participants complete all measures.  There 

are enough participants to ensure adequate power.    
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Study Type: Longitudinal (within & between design)-Chemotherapy only/Cancer Control (placebo) 
     Participants of the same age, level of education, type/stage of cancer would be recruited.  Participants would be randomly assigned to one of two groups 

(Group 1: Receiving Chemotherapy; Group 2 (control): receiving a placebo).  Participants are assessed before treatment with chemotherapy or a placebo, 

after treatment concludes, and at yearly follow-ups with neuropsychological test batteries and valid/reliable psychological and cognitive deficit 

questionnaires.  There are sufficient versions of neuropsychological tests used such that practice effects are a non-issue.   Participants are unaware of 

whether or not they received the placebo or chemotherapy.  Assessors (i.e., the neuropsychologist) are unaware of the purpose of the study or the 

participants’ treatment with chemotherapy (participants wear clothing that camouflages any obvious signs of chemotherapy exposure (e.g., hair loss was 

masked)).    All participants would be available for each re-testing period and complete all measures.  There are enough participants to ensure adequate 

power.    

 

Study Type: Longitudinal (within & between design)-Chemotherapy & Surgery/Cancer Control (placebo & surgery) 
     Participants of the same age, level of education, type/stage of cancer would be recruited.  Participants would be randomly assigned to one of two groups 

(Group 1: receives surgery and chemotherapy; Group 2: receives surgery and a placebo).  Participants are assessed before and after surgery and then before 

treatment with chemotherapy or a placebo.  Participants would be assessed again after treatment concludes and at yearly follow-ups with 

neuropsychological test batteries and valid/reliable psychological and cognitive deficit questionnaires.  There are sufficient versions of neuropsychological 

tests used such that practice effects are a non-issue.   Participants are unaware of whether or not they received the placebo or chemotherapy. Assessors (i.e., 

the neuropsychologist) are unaware of the purpose of the study or the participants’ treatment with chemotherapy (participants wear clothing that 

camouflages any obvious signs of chemotherapy exposure (e.g., hair loss was masked)).  All participants would be available for each re-testing period and 

complete all measures.  There are enough participants to ensure adequate power.    

 

Study Type: Longitudinal (within & between design)-Chemotherapy & Surgery/Cancer Control (placebo, surgery, hormonal 

therapy) 
     Participants of the same age, level of education, type/stage of cancer would be recruited.  Participants would be randomly assigned to one of two groups 

(Group 1: receives surgery, chemotherapy, and a hormone placebo; Group 2: receives surgery, a chemotherapy placebo, and hormone therapy).  Participants 

are assessed before and after surgery and then before treatment with chemotherapy or a chemotherapy placebo.  Participants would be assessed again after 

chemotherapy/ chemotherapy placebo and before hormone therapy/ hormone placebo begins.  Participants in both groups would be assessed at yearly 

follow-ups with neuropsychological test batteries and valid/reliable psychological and cognitive deficit questionnaires.  There are sufficient versions of 

neuropsychological tests used such that practice effects are a non-issue.   Participants are unaware of whether or not they received the placebo or 

chemotherapy. Assessors (i.e., the neuropsychologist) are unaware of the purpose of the study or the participants’ treatment with chemotherapy (participants 

wear clothing that camouflages any obvious signs of chemotherapy exposure (e.g., hair loss was masked)).  All participants would be available for each re-

testing period and complete all measures.  There are enough participants to ensure adequate power.    
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Study Type: Longitudinal (control group and patients receiving chemotherapy)-Chemotherapy /Healthy Control  
     Participants of the same age and level of education would be recruited.  Half of the participants would be healthy and half would be diagnosed with the 

same type/stage of cancer.  Participants would be randomly assigned to one of four groups (Group 1: cancer participants who receive chemotherapy; Group 

2 cancer participants who receive a placebo; Group 3 healthy participants who receive chemotherapy; Group 4: healthy participants who receive a placebo).  

Participants are assessed before and after surgery and then before treatment with chemotherapy or a placebo.  Participants would be assessed again after 

treatment concludes and at yearly follow-ups with neuropsychological test batteries and valid/reliable psychological and cognitive deficit questionnaires.  

There are sufficient versions of neuropsychological tests used such that practice effects are a non-issue.   Participants are unaware of whether or not they 

received the placebo or chemotherapy. Assessors (i.e., the neuropsychologist) are unaware of the purpose of the study or the participants’ treatment with 

chemotherapy (participants wear clothing that camouflages any obvious signs of chemotherapy exposure (e.g., hair loss was masked)).  All participants 

would be available for each re-testing period and complete all measures.  There are enough participants to ensure adequate power.    

 

Study Type: Longitudinal (control group and patients receiving chemotherapy)-Chemotherapy & Surgery/Healthy Control  
     Participants of the same age and level of education would be recruited.  Half of the participants would be healthy and half would be diagnosed with the 

same type/stage of cancer.  Participants would be randomly assigned to one of four groups (Group 1: cancer participants who receive surgery and 

chemotherapy; Group 2 cancer participants who receive surgery and a placebo; Group 3 healthy participants who receive sham surgery and chemotherapy; 

Group 4: healthy participants who receive sham surgery and a placebo).  Participants are assessed before and after surgery and then before treatment with 

chemotherapy or a placebo.  Participants would be assessed again after treatment concludes and at yearly follow-ups with neuropsychological test batteries 

and valid/reliable psychological and cognitive deficit questionnaires.  There are sufficient versions of neuropsychological tests used such that practice 

effects are a non-issue.   Participants are unaware of whether or not they received the placebo or chemotherapy.  Assessors (i.e., the neuropsychologist) are 

unaware of the purpose of the study or the participants’ treatment with chemotherapy (participants wear clothing that camouflages any obvious signs of 

chemotherapy exposure (e.g., hair loss was masked)).    All participants would be available for each re-testing period and complete all measures.  There are 

enough participants to ensure adequate power.    

 

Specify the Outcomes (proposed harm due to chemotherapy).  Highlight the outcomes in this study: 

 

 Scores on:  Neuropsychological Tests     Psychological Measures (e.g., depression, anxiety)     Perceived Cognitive Deficit 

Measures 

 

Specify the Numerical Result Being Assessed (table, paragraph): 
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Step 3: List co-interventions (that if adjusted) would lead to clinically important change in the estimated effect of the 

intervention 

 

Co-Intervention Is there evidence that controlling for this co-

intervention was unnecessary ? 

Is presence of this co-intervention 

likely to favour outcomes in the 

experimental or the control group? 

Surgery 

(chemotherapy, control, 

both, repeated measures) 

yes (both groups had surgery) 

No 

No Information More
*
 

Less
**

 

 

No Effect
***

 

No Information
****

 

Radiation Yes  

No 

No Information More 

Less 

No Effect 

No Information 

Biological Yes  

No 

No Information More 

Less 

No Effect 

No Information 

Hormonal Yes  

No 

No Information More 

Less 

No Effect 

No Information 
* Considering the co-intervention, it is more likely that the results will show that chemotherapy leads to cognitive deficits 
** Considering the co-intervention, it is less likely that the results will show that chemotherapy leads to cognitive deficits 

*** In the context of this study, this co-intervention is expected to have no effect on whether or not chemotherapy leads to cognitive deficits 

****There is not enough information provided to know if the co-intervention will influence the effect of chemotherapy on cognitive deficits 
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Step 4: List Confounding Variables (Confounding variables are factors that differ between groups (e.g., sex; between-subjects design) or 

that change over time (e.g., cancer severity; within-subjects designs) that may influence whether or not researchers find that chemotherapy leads 

to cognitive deficits.  For example, if the experimental group is significantly older and has worse cognitive scores than the control group, 

researchers might conclude that chemotherapy led to cognitive decline.  However, participants’ age, as opposed to chemotherapy status, may be 

the reason for worse cognitive scores).  

 
Confounder How is the Confounder 

Measured? 

Is there evidence that 

controlling is 

unnecessary? 

Is the confounder 

measured validly (fully 

measured) and reliably 

(precision of 

measurement) 

OPTIONAL: Is this variable (alone) 

expected to make it more or less likely 

that cognitive deficits will be found  

Age chart review 

self-report 

no information 

Yes 

No  

No Information 

Yes 

No  

No Information 

More
*
 

Less
**

 

 

No Effect
***

 

No Information
****

 

Sex chart review 

self-report 

no information 

Yes 

No  

No Information 

Yes 

No  

No Information 

More 

Less 

 

No Effect 

No Information 

Education self-report 

no information 

Yes 

No  

No Information 

Yes 

No  

No Information 

More 

Less 

 

No Effect 

No Information 

Cancer Severity chart review 

self-report 

no information 

Yes  

No  

No Information 

Yes 

No  

No Information 

More 

Less 

 

No Effect 

No Information 

Cancer Type chart review 

self-report 

no information 

Yes  

No  

No Information 

Yes 

No  

No Information 

More 

Less 

 

No Effect 

No Information 

Previous 

Chemotherapy 

chart review 

self-report 

no information 

Yes  

No  

No Information 

Yes 

No  

No Information 

More 

Less 

 

No Effect 

No Information 

* Considering the confounder variable, it is more likely that the results will show that chemotherapy leads to cognitive deficits 

** Considering the confounder variable, it is less likely that the results will show that chemotherapy leads to cognitive deficits 
*** In the context of this study, this variable is expected to have no effect on whether or not chemotherapy leads to cognitive deficits 

****There is not enough information provided to know if the variable will influence the effect of chemotherapy on cognitive deficits 
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       Step 5: Bias Due to Confounding (confounding refers to characteristics/factors associated with participants that are present before initiation of     

        treatment) 

 

Is there potential for confounding of the effect of intervention in this study? In other words, did the participants end up in their 

groups (e.g., chemotherapy vs. no chemotherapy) in a way that is different from random assignment that might influence whether 

or not chemotherapy had an effect on cognitive function/ the way participants responded to psychological questionnaires?  (e.g., 

the type of cancer indicates a treatment (chemotherapy vs radiation) and therefore makes assignment to a chemotherapy or 

radiation group non-random; other factors may include age, stage, sex). OR Is there a confounding factor defined above that 

would directly influence the outcomes (i.e., cognitive deficits, psychological outcome measures).   

 

         Neuropsychological Tests 

 No or Probably No, the study is considered to be low risk of bias due to confounding.    

 Yes or Probably Yes, the study is considered to have at least moderate risk of confounding.  

 Other Measures 

 No or Probably No, the study is considered to be low risk of bias due to confounding.  

 Yes or Probably Yes, the study is considered to have at least moderate risk of confounding. 

 

5.1a. Time Varying Confounding: Is it possible the participants could switch groups (e.g., could a participant receiving 

chemotherapy be analyzed with the controls at follow-up)? Or is there a chance that at a time point where participants are 

thought to be chemotherapy naive (e.g., baseline, healthy control), some may have had previous exposure (e.g., participants 

in a control group, having had exposure to chemotherapy at some point in life, are analyzed as a “healthy control” or as a 

“non-chemotherapy cancer control”)? 

 

 No,    Probably No,    Probably Yes,    Yes,   Not Applicable,     No Information.  
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5.2  Confounding due to participant factors that change over time and may influence the level of cognitive deficit found: 

Are there factors that are present before chemotherapy that would change the degree to which participants present with 

cognitive deficits or respond to other measures when tested at a later time (e.g., age, education)? 

Neuropsychological Tests 

 No,    Probably No,    Probably Yes,    Yes,   Not Applicable,     No Information.  

Other Measures 

 No,    Probably No,    Probably Yes,    Yes,   Not Applicable,     No Information.  

 

5.3 Baseline Confounding: Did the authors fail to control for the confounders identified in step 4 appropriately (e.g., did they 

fail to match participants on those factors, standardize the scores, or include the factors in a regression or a correlation)? 

       Neuropsychological Tests 
 No or Probably No (they appropriately controlled or the factors did not need to be controlled for).   

 Yes, or Probably Yes (they did not appropriately control).   

 Not Applicable or No Information 

Other Measures 

 No or Probably No (they appropriately controlled or the factors did not need to be controlled for).   

 Yes, or Probably Yes (they did not appropriately control).   

 Not Applicable or No Information 
 

5.3.1  Did the authors fail to control for any variables that occurred after chemotherapy was started? (e.g., change in 

depressive symptoms, change in disease characteristics?) 

 No     Probably No,    Probably Yes,    Yes ,   Not Applicable.     No Information 

  

 5.4 Adjusting for Confounding: Did the authors fail to use an appropriate analysis to adjust for confounding? 

         Neuropsychological Tests 

 No or Probably No (they appropriately controlled).   

 Yes, or Probably Yes (they did not appropriately control).   

 Not Applicable or No Information 
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Other Measures 

 No or Probably No (they appropriately controlled).   

 Yes, or Probably Yes (they did not appropriately control).   

 Not Applicable or No Information 
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     5.5 Overall Judgment About Bias Due to Confounding 

 
 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         **Increase the likelihood of finding that chemotherapy leads to cognitive dysfunction 

         ***Decrease the likelihood of finding the chemotherapy leads to cognitive dysfunction 

 

 

 

 

 

Judgement (Cognitive) Judgement 

(Other) 

Explanation of Judgement Direction of Bias 

Cognitive         Other 

Low ROB (comparable to an 

RCT) 
Low ROB  No confounding expected. No Influence No Influence 

Moderate ROB (sound 

study, not comparable to an 

RCT) 

Moderate ROB 

 

Confounding expected.  Confounding factors are 

appropriately measured and controlled for.  No 

residual confounding (residual= confounding 

due to factors that weren’t measured or weren’t 

measured well). 

Unknown 

**Increase 

***Decrease 

Unknown 

**Increase 

***Decrease 

Serious ROB (study has 

some important problems) 
Serious ROB At least one confounding factor is not 

appropriately measured or controlled for OR 

reliability/validity of the measure used to 

measure the confounding factor is poor such that 

there is likely serious residual confounding 

Unknown 

**Increase 

***Decrease 

Unknown 

**Increase 

***Decrease 

Critical ROB 
(study is too problematic to 

provide useful evidence on the 

effects of chemotherapy) 

Critical ROB Confounding cannot be controlled for or a 

Negative Control (a control where no change in 

cognitive scores is expected) was run and it 

suggests confounding 

Unknown 

**Increase 

***Decrease 

Unknown 

**Increase 

***Decrease 

No Info. No Info. No information on whether confounding is 

present or absent 
Unknown Unknown 
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Step 6: Bias Due to Selection Bias  

 

6.1 Were eligible participants not included in the study? (i.e., researchers decided not to include participants or eligible 

participants decided not to participate)?   

 

 Yes,     Probably yes,     Probably no,     No,     No Information.   
 

6.1.1  If eligible participants were not included in the study, were the reasons for exclusion likely to lead to bias or make it 

difficult to answer the question “did chemotherapy lead to cognitive deficits?”.  Or was the number of participants who declined 

participation large enough that bias would be expected? 

 

 Yes,     Probably yes,     Probably no,     No,     No Information.   
 

6.2 Was selection of participants into the study (or used in the analysis) based on participant characteristics observed after the 

start of chemotherapy? (no or probably No, Go to 6.3) 

 

 Yes,     Probably yes,     Probably no,     No,     No Information.   
 

 

6.2.1 Were the post intervention variables that influenced selection likely to be influenced by the outcome or a cause of the 

outcome (e.g., only people who scored impaired on neuropsychological tests or who were depressed were included in the 

analysis)?   

Neuropsychological Tests 

 Yes,     Probably yes,     Probably no,     No,     No Information.   

    Other Measures 

 Yes,     Probably yes,     Probably no,     No,     No Information.   
 

6.3 Lead-time bias/Inception bias:  Did the researchers fail to follow participants before beginning chemotherapy or at the time 

of the first chemotherapy administration.   Could eligible participants have been lost between chemotherapy initiation and 

assessment? 

 Yes,     Probably yes,     Probably no,     No,     No Information.   
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6.4  If a control group is used, did the author’s fail to select a control group that is similar to the experimental group (e.g., tested 

themselves and graduate students such that the level of education is likely to be higher; compared those with cancer to a healthy 

group) or has the control group data already been collected such that the control and experimental groups were taken from 

different populations? 

 

 

 Yes,     Probably yes,     Probably no,     No,     No Information      N/A (no control group was used). 
  

 

6.5 (if No was given for 6.1.1, 6.1.2, AND 6.2, GO to 6.3): Did the author’s fail to make any adjustments? (No adjustments 

were made to correct for selection bias (e.g., inverse probability weights to create a pseudo-population in which the selection 

bias has been removed, modelling the distributions for missing participants, or inducing missing participants using missing data 

methodology-these are rare so the answer will usually be “yes, they failed”).  

Neuropsychological Tests 
 Yes,     Probably yes,     Probably no,     No,     No Information.   

    Other Measures 

 Yes,     Probably yes,     Probably no,     No,     No Information.   
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         6.6 Overall Judgment About Bias Due to Selection 

 

 

 
               **Increase the likelihood of finding that chemotherapy leads to cognitive dysfunction 

                ***Decrease the likelihood of finding the chemotherapy leads to cognitive dysfunction 

 

Judgement 

(Cognitive) 

Judgement 

(Other) 

Explanation of Judgement Direction of Bias 

Cognitive         Other 

Low ROB 
(comparable to an 

RCT) 

Low ROB  All participants who would have been eligible for the generic 

target randomized trial were included in the study AND have 

been followed from before/1
st
 chemotherapy administration 

No Influence No Influence 

Moderate 

ROB (sound 

study, not 

comparable to an 

RCT) 

Moderate ROB 

–  

Selection may have been related to intervention and outcome 

but authors adjusted appropriately OR all participants 

weren’t followed from baseline but the number that weren’t 

are too small to bias the study OR the effect of chemotherapy 

on cognitive deficits remains stable over time  

Unknown 

**Increase 

***Decrease 

Unknown 

**Increase 

***Decrease 

Serious ROB 
(study has some 

important 

problems) 

Serious ROB Selection into the study was related to chemotherapy or 

cognitive function OR participants weren’t followed from 

baseline and a potentially important amount of follow-up 

time is missing from the analysis OR the effect of 

chemotherapy on cognitive deficits is not constant over time 

OR many of the eligible participants were not included in the 

study.  

Unknown 

**Increase 

***Decrease 

Unknown 

**Increase 

***Decrease 

Critical ROB 
 study is too 

problematic to 

provide useful 

evidence on the 

effects of 

chemotherapy) 

Critical ROB Selection into the study was strongly related to 

chemotherapy status or cognitive deficits OR a substantial 

among of follow-up data are likely missing and the rate of 

harm from chemotherapy is not constant over time.   

Unknown 

**Increase 

***Decrease 

Unknown 

**Increase 

***Decrease 

No Info. No Info. No information on selection of participants into the study is 

available OR no information on the time frame of 

chemotherapy initiation and follow-up took place.  

Unknown 

 

Unknown 
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     Step 7: Bias in classification of interventions/measurement of an intervention 

Was the intervention ambiguously defined (e.g., the type, dose, frequency, or intensity of the chemotherapy regimen is 

missing from the description)? 

 Yes,     Probably Yes,      Probably No,      No,     No Information.   
  

7.1  Could the level of cognitive deficit found be influenced by the fact that multiple chemotherapy protocols were followed 

(i.e., did some participants receive one regimen and another participant receive a different cocktail of medications?) 

          

 Yes,      Probably Yes,      Probably No,     No,     No Information.   
 

7.2 Was the information used to define intervention groups recorded AFTER chemotherapy had begun (e.g., did researchers 

choose their participants from a group of patients who had already begun chemotherapy.  This would be more of a concern if 

participants were chosen for a factor known after chemo had begun (participants responding well to chemotherapy made up 

the experimental group)? 

         

 Yes,     Probably Yes,      Probably No,      No,     No Information.   
 

7.3  Could classification of participants (into chemotherapy versus no chemotherapy groups) been influenced by knowledge 

of possible cognitive deficits? OR in studies where a repeated measures design is used, could classification of participants as 

meeting criteria for the study been influenced by knowledge of possible cognitive deficits?  

        

 Yes,     Probably Yes,      Probably No,      No,     No Information.   
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           7.4 Overall Judgment About Bias in classification of interventions/measurement of an intervention 

 
        **Increase the likelihood of finding that chemotherapy leads to cognitive dysfunction 

        ***Decrease the likelihood of finding the chemotherapy leads to cognitive dysfunction 

 

Judgement 

(Cognitive) 

Judgement 

(Other) 

Explanation of Judgement Direction of Bias 

Cognitive        Other 

Low ROB 
(comparable to 

an RCT) 

Low ROB  Intervention status is well defined and based solely on information 

collected at the time of chemotherapy initiation.  
No Influence No Influence 

Moderate 

ROB (sound 

study, not 

comparable to 

an RCT) 

Moderate 

ROB 

 

Chemotherapy status is well defined but some aspects of the assignments 

of the chemotherapy status were determined retrospectively.  Some 

difference in treatment regimen but most participants received 

comparable treatment or there options for variation in treatment were 

limited.  

Unknown 

**Increase 

***Decrease 

Unknown 

**Increase 

***Decrease 

Serious 

ROB (study 

has some 

important 

problems) 

Serious ROB 

 

Intervention status is not well defined, or major aspects of the 

assignments of chemotherapy status were determined in a way that could 

have been affected by the outcome.  Many different chemotherapy 

agents were used and tracking of who received which regimen was poor.   

Unknown 

**Increase 

***Decrease 

Unknown 

**Increase 

***Decrease 

Critical 

ROB 
(study is too 

problematic to 

provide useful 

evidence on 

the effects of 

chemotherapy.) 

Critical 

ROB 

(unusual) extremely high amount of misclassification of chemotherapy 

status (e.g., classification relied completely on unreliable self-reported 

data). 

Unknown 

**Increase 

***Decrease 

Unknown 

**Increase 

***Decrease 

No Info. No Info. No definition of the intervention or no explanation of the source of 

information about the intervention status is reported.  
Unknown Unknown 
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         Step 8: Bias Due to Departures from Intended Interventions 

 

8.1  Was chemotherapy implemented unsuccessfully for most participants (i.e., was the protocol/recommended practice not 

followed by those administering chemotherapy)? 

          

 Yes,      Probably Yes,      Probably No,     No,     No Information.   
  

8.2  Did study participants fail to adhere to the assigned chemotherapy regimen in such a way that it could impact the estimate of 

whether or not chemotherapy leads to cognitive deficits (Lack of adherence includes stopping early due to cognitive deficits/low 

mood/high anxiety).  

 

 Yes,      Probably Yes,      Probably No,     No,     No Information.  
  

8.3  Were important co-interventions (e.g., radiation, surgery, biological therapies) administered to only one of the groups (e.g., 

radiation of the control group)? OR did only some of the participants receive a co-intervention (e.g., only some of the 

participants in a repeated measures design received surgery)? 

           

 Yes,      Probably Yes,      Probably No,     No,     No Information.   
 

8.4  If yes to any of the above, did the authors fail to use adjustment techniques to account for bias due to departures from 

intended interventions (e.g., inverse probability weighting, modeling)? 

 Yes,      Probably Yes,      Probably No,     No,     No Information.   
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       8.5 Overall Judgement for Departures from Intended Interventions 

 

        **Increase the likelihood of finding that chemotherapy leads to cognitive dysfunction 

        ***Decrease the likelihood of finding the chemotherapy leads to cognitive dysfunction 

 

 

 

Judgement 

(Cognitive) 

Judgement 

(Other) 

Explanation of Judgement Direction of Bias 

Cognitive        Other 

Low ROB 
(comparable to an 

RCT) 

Low ROB  No bias due to deviation from chemotherapy is expected OR the 

participants are grouped based on initiation of chemotherapy not on 

completion 

No 

Influence 

No 

Influence 

Moderate ROB 
(sound study, not 

comparable to an 

RCT) 

Moderate 

ROB 

Bias due to deviation from the intended intervention is expected but 

it is appropriately accounted for in the analyses OR Most, but not all, 

deviations occur as part of the natural course of events after 

initiation of chemotherapy (e.g., termination of chemotherapy was 

due to toxicity not dislike of side-effects).   

Unknown 

**Increase 

***Decrease 

Unknown 

**Increase 

***Decrease 

Serious ROB 
(study has some 

important problems) 

Serious ROB Switches in treatment, co-interventions, or problems with 

administering chemotherapy are not adjusted for in the analyses  
Unknown 

**Increase 

***Decrease 

Unknown 

**Increase 

***Decrease 

Critical ROB 
(study is too 

problematic to 

provide useful 

evidence on the 

effects of 

chemotherapy.) 

Critical 

ROB 

Substantial deviations from the intended chemotherapy treatment are 

present and not adjusted for in the analysis.  
Unknown 

**Increase 

***Decrease 

Unknown 

**Increase 

***Decrease 

No Info. No Info. No information on deviations from intended chemotherapy treatment 

are available 
Unknown Unknown 
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9.  Bias Due to Missing Data (consider only participants included in the study.  Do not consider participants who met criteria 

for the study but did not consent to participate) 

 

9.1  Were there missing outcome data (e.g., neuropsychological scores, psychometric scores)?  Are the missing data likely to 

result in missing information that would substantially impact our ability to answer the question “is chemotherapy leading to 

cognitive deficits? 

 

               Neuropsychological Tests 

 Yes,     Probably Yes,     Probably No,     No,     No Information.   

   Other Measures 

 Yes,     Probably Yes,     Probably No,     No,     No Information.   

 

9.2  Were participants excluded due to missing data on intervention status (did they get chemotherapy or not? This 

requires that the INTENDED study sample is clear)? 

    Neuropsychological Tests 

 Yes,     Probably Yes,     Probably No,     No,     No Information.   

   Other Measures 

 Yes,     Probably Yes,     Probably No,     No,     No Information.   
 

9.3 Were participants excluded due to missing data on other variables needed for the analysis (e.g., if confounders 

were controlled for, are participants excluded because data specific to the confounders are missing)? 

    Neuropsychological Tests 

 Yes,     Probably Yes,     Probably No,     No,     No Information.   

    Other Measures 

 Yes,     Probably Yes,     Probably No,     No,     No Information.   
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9.4 Are the proportion of participants and reasons for missing data dissimilar across interventions? I.e., could the proportion 

of missing data or the reasons for missing data substantially impact on our ability to answer the question did chemotherapy 

lead to cognitive deficits? OR is the amount of missing data large enough that a bias is likely? 

     Neuropsychological Tests 

 Yes,     Probably Yes,     Probably No,     No,     No Information  

     Other Measures 

 Yes,     Probably Yes,     Probably No,     No,     No Information  
 

9.5 Were inappropriate statistical methods used to account for missing data? 

     Neuropsychological Tests 

 Yes,     Probably Yes,     Probably No,     No,     No Information.   

     Other Measures 

 Yes,     Probably Yes,     Probably No,     No,     No Information.   
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         9.6 Overall Judgement for Bias Due to Missing Data 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           **Increase the likelihood of finding that chemotherapy leads to cognitive dysfunction 

           ***Decrease the likelihood of finding the chemotherapy leads to cognitive dysfunction 

 

 

 

Judgement 

(Cognitive) 

Judgement 

(Other) 

Explanation of Judgement Direction of Bias 

Cognitive        Other 

Low ROB 
(comparable to an 

RCT) 

Low ROB  Data were reasonably complete, proportions of/reasons for 

missing participants were similar across intervention groups 

(or intervention/control), or analyses that address missing 

data are likely to have removed any risk of bias 

No Influence No 

Influence 

Moderate ROB 
(sound study, not 

comparable to an 

RCT) 

Moderate ROB Proportions of missing data differ across interventions, 

reasons for missing data differ minimally across groups, 

missing data were not address in the analyses OR the reasons 

for missing data were unclear and may have minimally 

impacted the outcome.  

Unknown 

**Increase 

***Decrease 

Unknown 

**Increase 

***Decrease 

Serious ROB 
(study has some 

important problems) 

Serious ROB Proportions of missing participants differ substantially across 

groups/reasons for missing data differ substantially across 

groups, Too much data are missing OR Missing data were 

addressed inappropriately in the analysis/ or the nature of the 

missing data means that the risk of bias cannot be removed 

through appropriate analysis.  

Unknown 

**Increase 

***Decrease 

Unknown 

**Increase 

***Decrease 

Critical ROB 
(study is too 

problematic to 

provide useful 

evidence on the 

effects of 

chemotherapy.) 

Critical ROB (unusual) There were critical differences between 

interventions in participants with missing data that were not, 

or could not, be addressed through appropriate analysis.   

Unknown 

**Increase 

***Decrease 

Unknown 

**Increase 

***Decrease 

No Info. No Info. No information is reported about missing data or the potential 

for data to be missing.  
Unknown Unknown 



 

 

227 

 

10. Bias due to Measurement of Outcomes 

10.1 Could the neuro/psychological (other measures) scores have been influenced by the fact that participants were aware of 

which group they belonged to (e.g., participants knew they had received chemotherapy)? 

         Neuropsychological Tests            

 Yes,     Probably Yes,     Probably No,      No,      No Information.   

       Other Measures 

 Yes,     Probably Yes,     Probably No,      No,      No Information.   
 

10.2 Were outcome assessors (i.e., the neuropsychologist giving the tests) aware of participant treatment status? 

           Neuropsychological Tests 

 Yes,      Probably Yes,      Probably No,      No,      No Information.  

          Other Measures 

 Yes,      Probably Yes,      Probably No,      No,      No Information.   
 

10.3  Were the methods of outcome assessed dissimilar across groups (i.e., Participants did not receive the same 

neuropsychological assessment/psychological questionnaires or received the assessment at different time points)?       

          Neuropsychological Tests  

 Yes,      Probably Yes,      Probably No,      No,      No Information.   

         Other Measures 

 Yes,      Probably Yes,      Probably No,      No,      No Information.   
 

10.4 Were practice effects or other sources of measurement error present in the study? 

          Neuropsychological Tests  

 Yes,      Probably Yes,      Probably No,      No,      No Information.   

         Other Measures 

 Yes,      Probably Yes,      Probably No,      No,      No Information.   
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10.5 If “impairment” was used, did the authors fail to adequately define who would meet impairment criteria? Did the 

authors fail to define who would be classified as “depressed” or “anxious”? 

Neuropsychological Tests  

 Yes,      Probably Yes,      Probably No,      No,      No Information,     N/A (definitions not used in paper).   

          Other Measures 

 Yes,      Probably Yes,      Probably No,      No,      No Information,      N/A (definitions not used in paper).   
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         10.6  Overall Judgement for Bias Due to Measurement of Outcomes 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           **Increase the likelihood of finding that chemotherapy leads to cognitive dysfunction 

           ***Decrease the likelihood of finding the chemotherapy leads to cognitive dysfunction 

 

 

 

Judgement 

(Cognitive) 

Judgement 

(Other) 

Explanation of Judgement Direction of Bias 

Cognitive         Other 

Low ROB 
(comparable to an 

RCT) 

Low ROB  Assessment was comparable across groups, the outcome 

measured is unlikely to be influenced by knowledge of 

groups, or any error in outcome is unrelated to 

chemotherapy status.   

No Influence No 

Influence 

Moderate ROB 
(sound study, not 

comparable to an 

RCT) 

Moderate ROB Assessment was comparable across groups and the 

outcome measured is only minimally influenced by 

knowledge of groups, and error in measurement is only 

minimally related to chemotherapy status OR the method 

of testing participants only minimally influenced outcome 

scores. 

Unknown 

**Increase 

***Decrease 

Unknown 

**Increase 

***Decrease 

Serious ROB 
(study has some 

important problems) 

Serious ROB Assessment was not comparable across groups or the 

outcome measure was subjective (likely to be influenced by 

knowledge of chemotherapy status) and assessed by 

outcome assessors aware of the chemotherapystatus, or 

error in measuring the outcome was related to intervention 

status OR the method of testing participants seriously 

influenced outcome scores.  

Unknown 

**Increase 

***Decrease 

Unknown 

**Increase 

***Decrease 

Critical ROB 
(study is too 

problematic to provide 

useful evidence on the 

effects of 

chemotherapy.) 

Critical ROB The methods of outcome assessment were so different that 

they cannot be reasonably compared across intervention 

groups OR measurement is so flawed that no conclusions 

can be drawn.   

Unknown 

**Increase 

***Decrease 

Unknown 

**Increase 

***Decrease 

No Info. No Info. No information is reported about the method of outcome 

assessment (how neuro or psyc scores were obtained).  
Unknown Unknown 
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11.  Bias in Selection of the Reported Result 

Is the effect estimate likely to be selected on the basis of results from: 

 

11.1 Was there a failure to publish a protocol for the study (detailing proposed stats to be conducted)? And/or was it 

inconsistent with the reported statistics (e.g., did the authors indicate they would conduct ANOVAs and correlations but only 

the results for the ANOVAs were published)? 

 

        Neuropsychological Tests 

 Yes,      Probably Yes,      Probably No,      No,      No Information.   

    Other Measures 

 Yes,      Probably Yes,      Probably No,      No,      No Information.   

 

11.1.2 Were multiple analyses proposed and only a subset reported? (consider the proposed statistics described in the article 

itself)? For example, were analyses of end scores (scores at the last assessment time point) and change scores (the difference 

in scores from baseline to the last assessment) proposed but only change scores were reported? 

 

      Neuropsychological Tests 

 Yes,      Probably Yes,      Probably No,      No,      No Information.   

                    Other Measures 

 Yes,      Probably Yes,      Probably No,      No,      No Information.   

 

11.2 Were multiple outcome measurements within an outcome domain obtained but only a subset reported (e.g., 4 

neuropsychological tests of short term memory were administered but only the results from one of the tests is published in the 

paper OR memory and attention were assessed but only the scores for attention were reported)? 

 

       Neuropsychological Tests 

 Yes,      Probably Yes,      Probably No,      No,      No Information.   

                    Other Measures 

 Yes,      Probably Yes,      Probably No,      No,      No Information.  
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11.3 Were there differing subgroups (e.g., if a large sample is studied and only a subset of the population is analyzed then it 

suggests bias)? 

     Neuropsychological Tests 

 Yes,      Probably Yes,      Probably No,      No,      No Information.   

                 Other Measures 

 Yes,      Probably Yes,      Probably No,      No,      No Information.   
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        11.5 Overall Judgement for Bias in Selection of the Reported Result. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           **Increase the likelihood of finding that chemotherapy leads to cognitive dysfunction 

           ***Decrease the likelihood of finding the chemotherapy leads to cognitive dysfunction 

 

 

 

Judgement 

(Cognitive) 

Judgement 

(Other) 

Explanation of Judgement Direction of Bias 

Cognitive        Other 

Low ROB 
(comparable to an 

RCT) 

Low ROB  Clear evidence (usually through pre-registered protocol or 

statistical analysis plan) that all reported results correspond 

to all intended outcomes, analyses and sub-cohorts.    

No Influence No Influence 

Moderate ROB 
(sound study, not 

comparable to an RCT) 

Moderate ROB The outcome measurements and analyses are 
consistent with an a priori plan; or are clearly defined 
and both internally and externally consistent (papers 
citing this paper agree that the analyses done were the 
original plan), and there is no indication of selection of 
the reported analysis from among multiple analyses; 
and  
a cohort /subgroups was not selected for the for analysis 

and reporting is not based on significant findings.  

Unknown 

**Increase 

***Decrease 

Unknown 

**Increase 

***Decrease 

Serious ROB 
(study has some 

important problems) 

Serious ROB Outcome measurements or analyses are internally or 

externally inconsistent; or there is a high risk of selective 

reporting from among multiple analyses; or the cohort or 

subgroup is selected from a larger study for analysis and 

appears to be reported on the basis of the results.   

Unknown 

**Increase 

***Decrease 

Unknown 

**Increase 

***Decrease 

Critical ROB 
(study is too 

problematic to provide 

useful evidence on the 

effects of 

chemotherapy.) 

Critical ROB There is evidence or strong suspicion of selective reporting 

of results and unreported results are likely to be 

substantially different from the reported results.  

Unknown 

**Increase 

***Decrease 

Unknown 

**Increase 

***Decrease 

No Info. No Info. Too little information is available to make this judgement.    Unknown Unknown 
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Appendix E 

Study Level Risk of Bias Summary Tables  

Baudino, 2012 

Bias ROBINS 

Assessment 

Overall Judgement Support for Judgement 

Confounding Moderate Low risk  

 
 Subgroup of participants were age and sex matched  

 No random assignment  

 All lymphoma diagnoses (Hodgkin’s/non-Hodgkin’s), staging 

not published.  

Selection Serious High risk 

 
 Recruitment strategy/ number of participants and reasons for 

declining participation were not given  

 Participants were not followed from chemotherapy initiation   

(baseline). 

Intervention 

Measurement 

Moderate Low risk  Various chemotherapy regimens (e.g., various drugs, various 

number of cycles.  

Intended 

Intervention 

Serious High risk  Biological chemotherapy given to some participants in the 

chemotherapy group. 

 Missing Data No Information Unclear risk  Insufficient information was provided to make a judgement. 

Outcome 

Measurement 

Low 
a
 

Moderate 
b
 

Low Risk  Validated neuropsychological assessment 

 Validated psychological measures but comparatively more   

subjective than neuropsychological tests. 

Reported 

Results 

Moderate Low Risk  No published protocol  

a
    Cognitive outcome 

b  
  Psychological outcome 
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Bender et al., 2006 

Bias ROBINS 

Assessment 

Overall Judgement Support for Judgement 

Confounding Moderate Low risk  

 
 Pre/peri menopausal women; breast cancer (stage 1 or 

2), control group had ductal carcinoma in situ 

  No random assignment 

Selection Moderate Low risk 

 
 Recruitment strategy not given; Selection and reasons 

for declining given “Fifty women were approached for 

participation in this study. Of these, four (8%) declined 

to participate because they lacked the time to commit to 

the assessments. (p.424)” 

 Followed from chemotherapy initiation (baseline) 

Intervention 

Measurement 

Moderate Low risk  Various chemotherapy regimens (e.g., various drugs, 

number of cycles unknown).  

 Type of surgery varied 

Intended 

Intervention 

Moderate Low risk  Group differences in treatment protocols (varying 

surgeries; one group received hormone therapy but 

were not included in the meta-analysis). 

 Missing Data Serious High risk  22% and 30% women dropped out at T2 and T3, 

respectively. 

 20% were excluded due to “disease progression” 

 Reason for drop out “too busy (p. 424)” 

 “The attrition rate was not different across the groups 

and there were no significant differences between 

women who dropped out and women who remained in 

the study on any study variables.” 
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Bender et al., 2006   

Outcome 

Measurement 

Serious 
a
 

Moderate 
b
 

High Risk  Validated neuropsychological assessment  

 Alternate forms for some neuropsychological measures 

 Author’s report practice effects 

 Validated psychological measures but comparatively 

more subjective than neuropsychological tests. 

Reported 

Results 

Moderate Low Risk  No published protocol; Results of psychological 

measures were reported in the results section (e.g., p 

values).  
a
   Cognitive outcome 

b  
  Psychological outcome 
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Bury, 2014    

Bias ROBINS Assessment Overall Judgement Support for Judgement 

Confounding Moderate Low risk  

 
 Participants was age and education matched 

 All women 

 Multiple types of cancer, various stages 

 No random assignment 

Selection Serious High risk 

 
 Recruitment strategy/ number of participants 

and reasons for declining participation were not 

given 

 Participants were not followed from 

chemotherapy initiation (baseline) 

Intervention 

Measurement 

Moderate Low risk  Various chemotherapy regimens (e.g., various 

drugs, various  number of cycles).  

Intended 

Intervention 

No Information Unclear risk  No mention of presence or absence of co-

interventions 

 Missing Data No Information Unclear risk  Insufficient information was provided to make a 

judgement. 

Outcome 

Measurement 

Low 
a
 

Moderate 
b
 

Low Risk  Validated neuropsychological assessment  

 Validated psychological measures but 

comparatively more subjective than 

neuropsychological tests. 

Reported 

Results 

Moderate Low Risk  No published protocol 

a
    Cognitive outcome 

b  
  Psychological outcome 
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Capuron, 2001 

Bias ROBINS 

Assessment 

Overall 

Judgement 

Support for Judgement 

Confounding Serious High risk  

 
 No random assignment  

 Varying levels of illness (e.g., nausea, headache)  

 2 types of cancer (renal cell carcinoma and melanoma); Stage 

not reported 

 Varying proportions of men/women, varying ages  

 Some participants had previous exposure to the 

chemo/immunochemotherapeutic drugs.  

Selection Serious High risk 

 
 Participants followed from chemotherapy initiation (baseline). 

 No information provided about recruitment/ reasons for 

declining participation* 

Intervention 

Measurement 

Moderate Low risk  Various biological chemotherapy regimens across groups (e.g., 

various drugs, number of cycles unknown).  

Intended 

Intervention 

Moderate Low risk  No indication of deviation from intended treatment 

 No mention of co-interventions 

 Missing Data Serious High risk  Little information about attrition was given.  Participants who 

were not tested at one month had stopped treatment or were 

unable due to medical reasons. Also, “when a patient did not 

understand the instructions for a test or did not achieve the 

simplest level of the task, the test was aborted and the results 

were excluded from data analysis. (p. 378)” 

Outcome 

Measurement 

Moderate Low Risk  Validated neuropsychological assessments 

  CANTAB has a re-test function to reduce practice effects; 

Assessments were close in time.  

 Validated psychological measures but comparatively more 

subjective than neuropsychological tests. 
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Reported Results Serious High Risk  No published protocol  

 Inadequate data provided to calculate SMD for non-significant 

results.  

 

Cheng et al., 2013 

Bias ROBINS 

Assessment 

Overall 

Judgement 

Support for Judgement 

Confounding Moderate Low risk  

 
 Age and education matched women with breast cancer  

 No random assignment  

Selection Serious High risk 

 
 Recruited through advertisements 

 No information on the number of participants who declined 

or the reasons for declining.  

 Participants were not followed from chemotherapy initiation 

(baseline); eligibility was based on having successfully 

completed chemotherapy. 

Intervention 

Measurement 

Moderate Low risk  One chemotherapy regimen defined as “standard dose (p. 

2392).” 

 

Intended 

Intervention 

No Information Unclear risk  No mention of presence or absence of co-interventions 

 

 Missing Data No Information Unclear risk  Insufficient information was provided to make a judgement. 

 

Outcome 

Measurement 

Low 

 

Low Risk  Validated neuropsychological assessment  

Reported 

Results 

Moderate Low Risk  No published protocol  
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Cheung et al., 2015 

Bias ROBINS 

Assessment 

Overall 

Judgement 

Support for Judgement 

Confounding Moderate Low risk  

 
 No previous exposure to chemotherapy or radiation therapy  

 All Breast cancer (stage 1 or 3) 

 No random assignment  

Selection Serious High risk 

 
 Participants followed from chemotherapy initiation 

(baseline). 

 No information provided about recruitment/ reasons for 

declining participation 

Intervention 

Measurement 

Moderate Low risk  2 chemotherapy regimens  

 Some participants had surgery prior to the study 

Intended 

Intervention 

Moderate Low risk  No indication of significant group differences in treatment or 

change in protocol after start of study.  

 Missing Data No Information Unclear risk  Insufficient information was provided to make a judgement. 
 

Outcome 

Measurement 

Moderate Low risk  Validated neuropsychological assessment  

 Computerized battery given multiple times, adjusted for 

practice effects  

 Validated psychological measures but comparatively more 

subjective than neuropsychological tests. 

Reported Results Moderate Low Risk  No published protocol  
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Collins, 2013 

Bias ROBINS 

Assessment 

Overall Judgement Support for Judgement 

Confounding Moderate Low risk  

 
 Age and education matched women with early stage 

breast cancer 

 No previous exposure to cancer or chemotherapy  

 No random assignment  

Selection Serious High risk 

 
 Participants followed from chemotherapy initiation 

(baseline).  

 No reason for declining participation prior to baseline 

assessment was given. “One hundred and twenty-six 

new BC patients passed preliminary screening and 

were approached regarding participation. […] Sixty 

eight BC patients underwent baseline assessment (p. 

1521)” 

 Potential for unequal attrition at baseline “It was 

decided in advance that any participant who did not 

complete the study would be replaced in order to meet 

recruitment targets of 60 women per group (p. 1521).” 

Intervention 

Measurement 

Moderate Low risk  2 chemotherapy regimens  

 Some participants had surgery prior to the study 

Intended 

Intervention 

Moderate Low risk  No indication of significant group differences in 

treatment or change in protocol after start of study.  

 Missing Data Serious High risk  Insufficient information was provided to make a 

judgement. 
a
    Cognitive outcome 

b  
  Psychological outcome 
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Collins, 2013 

 

Outcome Measurement Serious 
a 

Moderate 
b
 

High risk  Validated neuropsychological assessment  

 Computerized battery given multiple times, adjusted for 

practice effects  

 Validated psychological measures but comparatively more 

subjective than neuropsychological tests. 

Reported Results Moderate Low Risk No published protocol  
a
    Cognitive outcome 

b  
  Psychological outcome 
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Cruzado et al., 2014 

Bias ROBINS 

Assessment 

Overall 

Judgement 

Support for Judgement 

Confounding Moderate Low risk  

 
 Stage III and high-risk stage II colon cancer  

 Accounted for age, education, and sex in reported z-scores “raw scores 

were converted into z scores (x  = 0, σ = 1) using published normative 

data adjusted for age, education, and gender (p. 1816). 

 No previous exposure to chemotherapy  

 No random assignment  

Selection Moderate Low risk 

 
 Participants followed from chemotherapy initiation (baseline).  

 Time period during which selection occurred was given; The number of 

participants who declined and reasons for doing so were not reported.  

Intervention 

Measurement 

Moderate Low risk  Single chemotherapy regimen  

  

Intended 

Intervention 

Moderate Low risk  “Four of these patients received less than 75 % of the 12 planned 

chemotherapy courses (p. 1817)” and were excluded.  

 Missing 

Data 

Serious High risk  Reasons for not completing the study were given and included health 

problems, withdrawal of informed consent, treated with other drugs 

affecting cognitive functions, moved to another city, relapse, medical 

complications, colostomy reconstructed at the time of the evaluation. 

Outcome 

Measurement 

Moderate Low risk  Validated neuropsychological assessment  

 Authors used the reliable change index to assess for practice effects and 

noted some evidence of the occurrence of practice effects  

 Validated psychological measures but comparatively more subjective 

than neuropsychological tests. 

Reported 

Results 

Moderate Low Risk  No published protocol  

a
    Cognitive outcome 

b  
  Psychological outcome 
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Denicoff et al., 1987 

Bias ROBINS 

Assessment 

Overall 

Judgement 

Support for Judgement 

Confounding Serious High risk  

 
 Metastatic cancer (type unknown).  

 No random assignment 

Selection Moderate Low risk 

 
 Participants followed from chemotherapy initiation (baseline).  

 Time period during which selection occurred was given; The 

number of participants who declined and reasons for doing so were 

not reported.  

Intervention 

Measurement 

Moderate Low risk  Single biological chemotherapy regimen  

  

Intended 

Intervention 

Moderate Low risk  Treatment was stopped when adverse effects occurred (e.g., health 

complications, behavioural change).  The authors noted that 

cognitive deficits were associated with the dose given.  

 Missing Data Serious High risk  On most measures, there were about half as many participants 

assessed at the last session than at baseline.  

Outcome 

Measurement 

Serious 

 

High risk  Validated neuropsychological assessment  

 Patients experienced varying levels of neurotoxicity   

 Practice effects not accounted for.  

Reported 

Results 

Moderate Low Risk  No published protocol  
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Eberhardt, 2006 

Bias ROBINS 

Assessment 

Overall 

Judgement 

Support for Judgement 

Confounding Moderate Low risk  

 
 Hematological or intestinal tract cancer 

 No random assignment 

Selection Moderate Low risk 

 
 Participants generally followed from chemotherapy initiation 

(baseline).  Some tested after the initial dose of chemotherapy.   

Intervention 

Measurement 

Serious High risk  Low, medium, and high doses of chemotherapy given 

 Chemotherapeutic drugs not reported 

Intended 

Intervention 

No 

Information 

Uncertain  Not enough information is given to make a judgment.  

 Missing Data No 

Information 

Uncertain  After six months, 31 patients died.   

 22 patients dropped out due to the fact that patients were no longer 

treated at the hospital or they voluntarily stopped further 

neuropsychological testing (p. 219).  

 The loss was unequal “The differences in the loss of subjects 

resulted in a further reduction of the number of older patients at the 

six-month post initial treatment test (p. 219). 

Outcome 

Measurement 

Moderate  Low risk  Validated neuropsychological assessment  

 Practice effects not accounted for, 6 months between assessments 

 Validated psychological measures but comparatively more 

subjective than neuropsychological tests. 

Reported 

Results 

Moderate Low Risk  No published protocol  
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Hess et al., 2010 

Bias ROBINS 

Assessment 

Overall 

Judgement 

Support for Judgement 

Confounding Moderate Low risk  

 
 Women with newly diagnosed with stage III–IV epithelial ovarian or 

primary peritoneal cancer 

 Scheduled for at least 6 cycles of chemotherapy 

 Excluded for a prior history of any cancer (other than 

nonmelanoma skin cancer), chemotherapy, or radiation therapy. 

 No random assignment 

Selection Serious* High risk 

 
 Participants followed from chemotherapy initiation (baseline).  

 After starting the study, “two were later deemed ineligible, and one 

was unable to complete the baseline neurocognitive assessment prior 

to chemotherapy and was withdrawn from the study (p.255)”. 

 The number of participants who declined participation and reasons 

for doing so were not mentioned.  

Intervention 

Measurement 

Serious High risk  Platinum-based chemotherapy, specific drugs and administration 

schedules were not reported 

Intended 

Intervention 

No 

Information 

Uncertain  Not enough information is given to make a judgment.  

 Missing Data No 

Information 

Uncertain  4 of 27 patients did not complete the due to “communication and 

travel complications” (p. 255).  

Outcome 

Measurement 

Moderate  Low risk  Validated neuropsychological assessment, computerized battery  

 Validated psychological measures but comparatively more subjective 

than neuropsychological tests. 

Reported 

Results 

Moderate Low Risk  No published protocol  

 Domain down graded from moderate to severe due to lack of information 
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Hess et al., 2015 

Bias ROBINS 

Assessment 

Overall 

Judgement 

Support for Judgement 

Confounding Moderate Low risk  

 
 Women newly diagnosed with ovarian cancer.  Stages 1-4.  

 No random assignment 

Selection Moderate Low risk 

 
 Participants followed from chemotherapy initiation (baseline).  

 After enrolment, 10 did not receive chemotherapy and 8 did not 

complete the baseline assessment.  Reasons for declining enrolment 

in the study were not given.  

Intervention 

Measurement 

Serious* High risk  Route of administration of primary chemotherapy was reported but 

chemotherapeutic drugs and dose were not reported.   

Intended 

Intervention 

Moderate Low risk 

 
 Participants analyzed based on having completed cycles of 

chemotherapy.  No evidence reported of treatment non-compliance.  

 Missing Data Serious High risk  231 participants completed the baseline and 169 completed the final 

assessment.  No reasons for non-completers were reported.  

Outcome 

Measurement 

Moderate  Low risk  Validated neuropsychological assessment, computerized battery  

 Validated psychological measures but comparatively more 

subjective than neuropsychological tests. 

Reported 

Results 

Moderate Low Risk  No published protocol  

 Domain down graded from moderate to severe due to lack of information 
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Jacobsen, 2004 

Bias ROBINS 

Assessment 

Overall 

Judgement 

Support for Judgement 

Confounding Serious High risk  

 
 Various cancers.  Stages 1-4.  

 No random assignment 

Selection Moderate Low risk 

 
 Participants followed from chemotherapy initiation (baseline).  

 Number of eligible participants who declined and reasons for 

declining enrolment in the study were not given.  

 Minimum of 4 cycles of chemotherapy 

Intervention 

Measurement 

Moderate Low risk  Various Regimens reported.  

Intended 

Intervention 

Moderate Low risk 

 
 Some participants discontinued chemotherapy or initiated 

concurrent radiotherapy and were excluded.   

 Missing Data Moderate Low risk  Reasons for not completing the study included death, 

change/discontinuation of treatment, unwillingness (p.8).  

Number of participants associated with each reason was not 

reported.  

 102 completed baseline and 77 completed the final assessment.   

Outcome 

Measurement 

Serious High risk  Validated neuropsychological assessment, computerized 

battery 

 Authors reported evidence of practice effects (p.15).   

Reported 

Results 

Moderate Low Risk  No published protocol 
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Jansen et al., 2008 

Bias ROBINS 

Assessment 

Overall 

Judgement 

Support for Judgement 

Confounding Serious High risk  

 
 Women with breast cancer (stages 1 and 2) 

 No random assignment 

Selection Moderate Low risk 

 
 Participants followed from chemotherapy initiation (baseline).  

 18% of approached participants declined participation because 

they were “too busy” or “uninterested” (p. 1192) 

Intervention 

Measurement 

Moderate Low risk  One regimen reported, unclear dosage.   

Intended 

Intervention 

Moderate Low risk 

 
 One person stopped chemotherapy after 3 cycles, the rest of the 

sample completed 4 cycles (p. 1192).    

 Missing Data Moderate Low risk  6% dropout rate (1 participant died, 1 declined participation)   

Outcome 

Measurement 

Serious 
a 

Moderate 
b
 

High risk  Validated neuropsychological assessment, some measures had 

alternate forms 

 Potential for practice effects with the other tests.  

 Validated psychological measures but comparatively more 

subjective than neuropsychological tests. 

Reported 

Results 

Moderate Low Risk  No published protocol  

a
    Cognitive outcome 

b  
  Psychological outcome 
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Klemp, 2007 

Bias ROBINS 

Assessment 

Overall 

Judgement 

Support for Judgement 

Confounding Moderate Low risk  

 
 Pre- or peri-menopausal women with breast cancer  

 Diagnosed with breast cancer for the first time, had no current 

evidence of distant disease (p. 20). 

 No random assignment 

Selection Moderate Low risk 

 
 Participants followed from chemotherapy initiation (baseline).  

 28 were invited and 20 participants agreed to participate (p. 20).  

Of these, 6 women felt the study was too “burdensome” and 2 

lived out of the area and did not want to make the additional 

time commitment.   

Intervention 

Measurement 

Moderate Low risk Women received 1 of 3 possible regimens with an average of 4-6 

cycles (8-12 weeks).  

Intended 

Intervention 

Moderate Low risk 

 
 Some women received surgery prior to chemotherapy.   

 Missing Data Low Low risk  Authors reported no missing data 

Outcome 

Measurement 

Serious 
a
 

Moderate 
b
 

High risk 

Low risk 
 Validated computerized neuropsychological assessment 

 Short time frame for re-tests, even with alternate forms (8-12 

weeks).  

 Validated psychological measures but comparatively more 

subjective than neuropsychological tests. 

Reported 

Results 

Moderate Low Risk  No published protocol  

a
    Cognitive outcome 

b  
  Psychological outcome 
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Mulder et al., 2014 

Bias ROBINS 

Assessment 

Overall 

Judgement 

Support for Judgement 

Confounding Serious High risk  

 
 Participants with metastatic renal cell cancer or gastrointestional stromal tumors 

matched on age, sex and estimated IQ were enrolled 

 Greater than 1 year prior to the commencement of the current study, 3 patients 

receiving chemotherapy and 4 patient controls had been treated with IFN-a and 

IL-2 or 5FU.  

 No random assignment  

Selection Moderate Low risk 

 
 Recruitment strategy (specialist, acquaintances of patients, advertisements in local 

papers).   

 Number of participants invited to participate and reasons for declining 

participation were not given.  

 Participants were not followed from chemotherapy initiation   

(baseline). 

Intervention 

Measurement 

Moderate Low risk  Participants were given one of two chemotherapy drugs over a period of 20 

months (range 2-55) 

 Intervention depended on the drug administered: Sunitinib: Dose ranged from 

25mg (continuous schedule) or 50mg (intermittent schedule); Sorafenib: 

continuous schedule at 800mg.  

Intended 

Intervention 

Moderate Low risk  Authors reported average dose/schedule for patients.  

 Missing Data No 

Information 

Unclear 

risk 
 Insufficient information was provided to make a judgement. 

Outcome 

Measurement 

Low
 a
 

Moderate 
b
 

Low Risk  Validated neuropsychological assessment 

 Validated psychological measures, comparatively more subjective than 

neuropsychological tests. 

Reported 

Results 

Moderate Low Risk  No published protocol  

a
    Cognitive outcome 

b  
  Psychological outcome 
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Natori et al., 2015 

Bias ROBINS 

Assessment 

Overall 

Judgement 

Support for Judgement 

Confounding Serious High risk  

 
 Early stage breast cancer at various stages of treatment.  

 No match for age or education; no consideration for demographic 

variables statistically. 

 No random assignment  

Selection Serious* High risk  

 
 Recruitment strategy/ Number of participants invited to participate 

and reasons for declining participation were not given.  

 Selection was based on completion of chemotherapy at certain time 

points.  

 Participants were not followed from chemotherapy initiation 

(baseline). 

Intervention 

Measurement 

Serious* High risk  

 
 Unclear intervention “Various chemotherapy regimens were 

accepted.” 

Intended 

Intervention 

Serious* High risk  

 
 Only patients who attain each phase of chemotherapy treatment (e.g., 

1, 3, or 7 cycles of chemotherapy) were assessed.  

 Missing 

Data 

No 

Information 

Unclear risk  Insufficient information was provided to make a judgement. 

Outcome 

Measurement 

Low
 a
 

Moderate 
b
 

Low Risk  Validated neuropsychological assessment 

 Validated psychological measures but comparatively more subjective 

than neuropsychological tests. 

Reported 

Results 

Moderate Low Risk  No published protocol  

a
    Cognitive outcome 

b  
  Psychological outcome 

*   Domain down graded from moderate to severe due to lack of information 

 

 



 

 

252 

Skaali et al., 2010 

Bias ROBINS 

Assessment 

Overall 

Judgement 

Support for Judgement 

Confounding Moderate Low risk  

 
 Testicular cancer patients  

 Age at baseline was significantly higher in the one-chemo 

group compared with the no-chemo and the multiple chemo 

group.  

 No random assignment 

Selection Moderate Low risk 

 
 Participants followed from chemotherapy initiation (baseline).  

 “Among 202 eligible TCPs, 129 (64%) were recruited at 

baseline. Non-inclusion was due to administrative reasons or 

declination by the patients. Attrition analyses showed no 

significant differences between included and non-included 

patients concerning age or stage of TC at diagnosis (1064).” 

 Selection based on number of cycles of chemotherapy 

administered. 

Intervention 

Measurement 

Moderate Low risk  Cisplatin-based chemotherapy 

 All had chemotherapy following an orchiectomy.   

 One person in the no chemotherapy group had radiotherapy 

only.  

Intended 

Intervention 

Moderate Low risk 

 
 Participation included in the study based on amount of 

chemotherapy administered (i.e., one cycle of chemotherapy 

and two or more cycles).  

 Missing Data Low Low risk  Three denied re-evaluation (e.g., moved, developed mental 

disorders or somatic diseases; p. 1064) 

Outcome 

Measurement 

Serious 
a
 

 

High risk 

Low risk 
 Validated computerized neuropsychological assessment 

 

Reported 

Results 

Moderate Low Risk  No published protocol  
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Wefel et al., 2014 

Bias ROBINS 

Assessment 

Overall 

Judgement 

Support for Judgement 

Confounding Moderate Low risk  

 
 Men with non-seminomatous germ cell tumors (stage 1 to 3). 

 No random assignment 

Selection Moderate Low risk 

 
 Participants followed from chemotherapy initiation (baseline).  

 

Intervention 

Measurement 

Moderate Low risk  Multiple chemotherapy regimens (low and high dose chemotherapy 

groups). 

 All had chemotherapy post-orchiectomy. 

Intended 

Intervention 

Moderate Low risk 

 
 Participation based on chemotherapy regimen.  

 Missing 

Data 

Moderate Low risk  “Attrition was highest in the surveillance group, 21.4% at the post-

treatment follow-up, and 35.7% at the 12-month follow-up. Attrition 

in the LE [low exposure] group was 8% and 16% at the post-

treatment and 12-month follow-up (p. 628)”. 

 “Assessments, respectively. The HE [high exposure] group’s attrition 

rates were 6.7% and 20% at the post-treatment and 12-month follow-

up assessments, respectively (p. 629)”.  

 “Baseline comparisons between completers and dropouts at the post-

treatment and 12-month follow-up showed no differences in 

cognitive test performance, age, education, stage of disease, CES-D, 

or STAIS (p. 629). 

Outcome 

Measurement 

Moderate  Low risk 

 
 Validated neuropsychological assessment; Alternate forms used 

when possible.  

 Validated psychological measures but comparatively more subjective 

than neuropsychological tests. 

Reported 

Results 

Moderate Low Risk  No published protocol  
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Appendix F 

Summary of GRADE findings: Cognitive function and Depression in cancer patients 
receiving chemotherapy compared to cancer controls, healthy controls, or baseline 

scores 

Quality assessment  Summary of findings  

№ of 
participa
nts 
(studies) 

Risk of 
bias 

Inconsistency Indirectness Imprecision Publication 
bias 

Overall 
quality of 
evidence 

Impact 

Verbal Fluency (Healthy controls) 

236 
(3 
observatio
nal 
studies)  

serious 
1,2,3,4 

serious 5 not serious  serious 6 none  ⨁◯◯◯ 

VERY LOW  

Participants receiving chemotherapy 
performed worse on measures of 
verbal fluency in comparison to 
healthy controls. SMD 0.96 (CI: 0.19 
to 1.73)  

CI: Confidence interval; SMD: Standardised mean difference (SMD) 
1. Missing data; outcome measurement (e.g., large number of non-completers, reasons given for non-completers suggest bias, no explanation 

of the way missing data were handled) 
2. Outcome measurement (e.g., assessments based on tolerability, possible practice effects) 
3. Confounding (e.g., important variables (e.g., age, education) not accounted for; possible prior exposure to chemotherapy) 
4. Selection bias (e.g., process of selecting participants not well defined or selected in a way that may lead to systemic bias) 
5. Heterogeneity is moderate or considerable 
6. Few studies included in the meta-analysis 
7. Intervention bias (e.g., chemotherapy regimen was unclear or included many different treatment protocols) 
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Quality assessment Summary of 

findings 
№ of 
participants 
(studies) 

Risk of 
bias 

Inconsistency Indirectness Imprecision Publication 
bias 

Overall quality 
of evidence 

Impact 

Verbal Fluency (Healthy controls; Studies treating participants with biological chemotherapy 
removed) 
176 
(2 
observational 
studies) 

serious 
1,2,4 

serious5 not serious  serious6 none  ⨁◯◯◯ 

VERY LOW  

Participants receiving 
chemotherapy performed worse 
on measures of verbal fluency in 
comparison to healthy controls. 
SMD 0.95 (CI: 0.64 to 1.27).  
Significant for fixed effects only. 

Depression (Healthy Controls) 

150 
(2 
observational 
studies)  

serious 
3,4 

serious5 not serious  serious6 none  ⨁◯◯◯ 

VERY LOW  

Participants receiving 
chemotherapy reported more 
depressive symptoms than 
healthy controls. SMD 0.93 (CI: 
0.14 to 1.71).  

CI: Confidence interval; SMD: Standardised mean difference (SMD) 
1. Missing data; outcome measurement (e.g., large number of non-completers, reasons given for non-completers suggest bias, no explanation 

of the way missing data were handled) 
2. Outcome measurement (e.g., assessments based on tolerability, possible practice effects) 
3. Confounding (e.g., important variables (e.g., age, education) not accounted for; possible prior exposure to chemotherapy) 
4. Selection bias (e.g., process of selecting participants not well defined or selected in a way that may lead to systemic bias) 
5. Heterogeneity is moderate or considerable 
6. Few studies included in the meta-analysis 
7. Intervention bias (e.g., chemotherapy regimen was unclear or included many different treatment protocols) 
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Quality assessment  
 

Summary of 
findings 

№ of 

participants 
(studies) 

Risk of 

bias 
Inconsistency Indirectness Imprecision Publication 

bias 

Overall quality 

of evidence 

Impact 

Attention (Healthy Control) 

75 (2 
observational 
studies) 

serious 
3,4 

serious5 not serious serious 6 none ⨁◯◯◯ 

VERY LOW 

Participants receiving 
chemotherapy demonstrated 
worse scores on attention than 
healthy controls. SMD 0.56 (CI: 
-0.23 to 0.89).  The result is 
significant for fixed effects only. 

Short-Term Memory (Cancer controls; Studies treating participants with biological chemotherapy removed) 

152 
(3 
observational 
studies) 

serious 
1,2 

not serious  not serious  serious 6 none ⨁◯◯◯ 

VERY LOW 
After removing studies in which 
participants were treated with 
biological chemotherapy, 
participants receiving 
chemotherapy performed worse 
than participants with cancer 
who did not receive 
chemotherapy. SMD 0.46 (CI: 
0.09 to 0.82) 

CI: Confidence interval; SMD: Standardised mean difference (SMD) 
1. Missing data; outcome measurement (e.g., large number of non-completers, reasons given for non-completers suggest bias, no explanation 

of the way missing data were handled) 
2. Outcome measurement (e.g., assessments based on tolerability, possible practice effects) 
3. Confounding (e.g., important variables (e.g., age, education) not accounted for; possible prior exposure to chemotherapy) 
4. Selection bias (e.g., process of selecting participants not well defined or selected in a way that may lead to systemic bias) 
5. Heterogeneity is moderate or considerable 

6. Few studies included in the meta-analysis 
7. Intervention bias (e.g., chemotherapy regimen was unclear or included many different treatment protocols) 
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Quality assessment  
 

Summary of 
findings 

№ of 

participants 
(studies) 

Risk of 

bias 
Inconsistency Indirectness Imprecision Publication 

bias 
Overall quality 

of evidence 
Impact 

Short-Term Memory (Cancer controls; assessed with: Word Lists) 

202 
(4 
observational 
studies) 

serious 
1,2,3 

not serious not serious serious 6 none ⨁◯◯◯ 

VERY LOW 

Participants receiving 
chemotherapy performed worse 
on measures of word list 
learning than participants with 
cancer who did not receive 
chemotherapy. SMD 0.46 (CI: 
0.15 to 0.76) 

Working Memory (Cancer Controls) 

230 (5 
observational 
studies) 

serious 
1,2,3,4,7 

not serious not serious serious 6 none ⨁◯◯◯ 

VERY LOW 

Participants who received 
chemotherapy performed worse 
on measures of working 
memory than participants with 
cancer not treated with 
chemotherapy. SMD 0.40 (CI: 
0.08 to 0.71) 

CI: Confidence interval; SMD: Standardised mean difference (SMD) 
1. Missing data; outcome measurement (e.g., large number of non-completers, reasons given for non-completers suggest bias, no explanation 

of the way missing data were handled) 
2. Outcome measurement (e.g., assessments based on tolerability, possible practice effects) 
3. Confounding (e.g., important variables (e.g., age, education) not accounted for; possible prior exposure to chemotherapy) 
4. Selection bias (e.g., process of selecting participants not well defined or selected in a way that may lead to systemic bias) 
5. Heterogeneity is moderate or considerable 
6. Few studies included in the meta-analysis 

7. Intervention bias (e.g., chemotherapy regimen was unclear or included many different treatment protocols) 
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Quality assessment  
 

Summary of findings 

№ of 
participa
nts 
(studies) 

Risk of 
bias 

Inconsistency Indirectness Imprecision Publication 
bias 

Overall 
quality of 
evidence 

Impact 

Inhibition (Within-subjects designs) 

164 
(3 
observatio
nal 
studies) 

serious 
1,2,3 

not serious not serious serious 6 none ⨁◯◯◯ 

VERY LOW 

Compared to pre-chemotherapy baseline, 
participants performed better on 
measures of inhibition following 
chemotherapy. SMD -0.32 (CI: -0.55 to -
0.09). 

Short-term memory (Healthy Control) 

123 (3 
observatio
nal 

studies) 

serious 
1,2,3,4 

serious 5 not serious serious6 none ⨁◯◯◯ 

VERY LOW 

Participants who received chemotherapy 
performed worse on measures of short-
term memory than healthy participants. 

SMD 0.27 (CI:-0.02, 0.52). Only 
significant for fixed effects. 

CI: Confidence interval; SMD: Standardised mean difference (SMD) 
1. Missing data; outcome measurement (e.g., large number of non-completers, reasons given for non-completers suggest bias, no explanation 

of the way missing data were handled) 
2. Outcome measurement (e.g., assessments based on tolerability, possible practice effects) 
3. Confounding (e.g., important variables (e.g., age, education) not accounted for; possible prior exposure to chemotherapy) 
4. Selection bias (e.g., process of selecting participants not well defined or selected in a way that may lead to systemic bias) 
5. Heterogeneity is moderate or considerable 
6. Few studies included in the meta-analysis 
7. Intervention bias (e.g., chemotherapy regimen was unclear or included many different treatment protocols) 
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Quality assessment  
 

Summary of findings 

№ of 
participants 
(studies) 

Risk of 
bias 

Inconsistency Indirectness Imprecision Publicatio
n bias 

Overall quality 
of evidence 

Impact 

Short-term memory (Cancer Control) 

230 (5 
observational 
studies) 

serious 
1,2,3,4 

serious 5 not serious not serious none ⨁◯◯◯ 

VERY 

LOW 

Participant who received chemotherapy 
performed worse on measures of 
short-term memory than participants 
in the cancer control conditions.  SMD 
0.31 (CI: 0.03, 0.59).  Only significant 
for fixed effects.  

Working Memory (Within; assessed with: Trail Making Test-B) 

315 (6 
observational 
studies) 

serious 
1,2,3,4 

not serious not serious not serious none ⨁◯◯◯ 

VERY LOW 
Compared to pre-chemotherapy 
baseline, participants performed better 
on a measure of working memory 
following chemotherapy. SMD -0.30 
(CI: -0.47, -0.13). 

CI: Confidence interval; SMD: Standardised mean difference (SMD) 
1. Missing data; outcome measurement (e.g., large number of non-completers, reasons given for non-completers suggest bias, no explanation of 

the way missing data were handled) 
2. Outcome measurement (e.g., assessments based on tolerability, possible practice effects) 
3. Confounding (e.g., important variables (e.g., age, education) not accounted for; possible prior exposure to chemotherapy) 
4. Selection bias (e.g., process of selecting participants not well defined or selected in a way that may lead to systemic bias) 
5. Heterogeneity is moderate or considerable 
6. Few studies included in the meta-analysis 
7. Intervention bias (e.g., chemotherapy regimen was unclear or included many different treatment protocols) 
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Quality assessment  
 

Summary of findings 

№ of 
participa
nts 
(studies) 

Risk of 
bias 

Inconsistency Indirectness Imprecision Publication 
bias 

Overall quality 
of evidence 

Impact 

Working Memory (Healthy Controls) 

156 (2 
observatio
nal 
studies) 

serious 
1,2,3,4 

not serious not serious serious 6   none ⨁◯◯◯ 

VERY LOW 

Participants who received 
chemotherapy performed worse on 
measures of working memory than 
healthy participants. SMD 0.31 (CI: -
0.00 to 0.63). 

Processing Speed (Within-subjects; assessed with: Coding tasks) 

324 
(5 
observatio
nal 
studies) 

serious 
1,2,3,4 

not serious not serious not serious none ⨁◯◯◯ 

VERY LOW 

Compared to pre-chemotherapy 
baseline, participants performed better 
on coding tests following 
chemotherapy. SMD -0.27 (CI: -0.43 
to -0.11). 

CI: Confidence interval; SMD: Standardised mean difference (SMD) 
1. Missing data; outcome measurement (e.g., large number of non-completers, reasons given for non-completers suggest bias, no explanation of 

the way missing data were handled) 
2. Outcome measurement (e.g., assessments based on tolerability, possible practice effects) 
3. Confounding (e.g., important variables (e.g., age, education) not accounted for; possible prior exposure to chemotherapy) 
4. Selection bias (e.g., process of selecting participants not well defined or selected in a way that may lead to systemic bias) 
5. Heterogeneity is moderate or considerable 
6. Few studies included in the meta-analysis 
7. Intervention bias (e.g., chemotherapy regimen was unclear or included many different treatment protocols) 
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Quality assessment  
 

Summary of findings 

№ of 
participants 
(studies) 

Risk of 
bias 

Inconsistency Indirectness Imprecision Publication 
bias 

Overall 
quality of 
evidence 

Impact 

Processing Speed (Within-subjects design) 

715 
(9 
observational 
studies) 

serious 
1,2,3,4,7 

serious 5 not serious  not serious   none ⨁◯◯◯ 

VERY LOW 

Compared to pre-chemotherapy baseline, 
participants performed better on measures 
of processing speed following 
chemotherapy. SMD -0.23 (CI: -0.45 to -
0.01). 

Anxiety (Within-subjects)  

124 (3 
observational 
studies) 

serious 
1,2,3 

not serious not serious serious 6 none ⨁◯◯◯ 

VERY LOW 

Compared to pre-chemotherapy baseline, 
participants reported more anxiety 
symptoms prior to chemotherapy SMD -
0.23 (CI: -0.48, 0.01).  The result was non-
significant. 

CI: Confidence interval; SMD: Standardised mean difference (SMD) 
1. Missing data; outcome measurement (e.g., large number of non-completers, reasons given for non-completers suggest bias, no explanation 

of the way missing data were handled) 
2. Outcome measurement (e.g., assessments based on tolerability, possible practice effects) 
3. Confounding (e.g., important variables (e.g., age, education) not accounted for; possible prior exposure to chemotherapy) 
4. Selection bias (e.g., process of selecting participants not well defined or selected in a way that may lead to systemic bias) 
5. Heterogeneity is moderate or considerable 
6. Few studies included in the meta-analysis 
7. Intervention bias (e.g., chemotherapy regimen was unclear or included many different treatment protocols) 
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Quality assessment  
 

Summary of findings 

№ of 
participants 
(studies) 

Risk of 
bias 

Inconsistency Indirectness Imprecision Publication 
bias 

Overall 
quality of 
evidence 

Impact 

Working Memory (Within-subjects) 

454 (10 
observational 
studies) 

serious 
1,2,3, 4, 7 

serious 5 not serious  not serious   none ⨁◯◯◯ 

VERY LOW 

Compared to pre-chemotherapy baseline, 
participants performed better on a measure 
of working memory following 
chemotherapy. SMD -0.22 (CI:-0.35, -
0.08). Significant for fixed effects only.  

Planning (Within-subjects; Studies treating participants with biological chemotherapy removed) 

142 (3 
observational 
studies) 

serious 
2,7 

not serious not serious serious 6 none ⨁◯◯◯ 

VERY LOW 
Compared to pre-chemotherapy baseline, 
participants performed better on tests of 
planning following chemotherapy SMD -
0.22 (CI: -0.45, 0.01).  The result was non-
significant. 

CI: Confidence interval; SMD: Standardised mean difference (SMD) 
1. Missing data; outcome measurement (e.g., large number of non-completers, reasons given for non-completers suggest bias, no explanation 

of the way missing data were handled) 
2. Outcome measurement (e.g., assessments based on tolerability, possible practice effects) 
3. Confounding (e.g., important variables (e.g., age, education) not accounted for; possible prior exposure to chemotherapy) 
4. Selection bias (e.g., process of selecting participants not well defined or selected in a way that may lead to systemic bias) 
5. Heterogeneity is moderate or considerable 
6. Few studies included in the meta-analysis 
7. Intervention bias (e.g., chemotherapy regimen was unclear or included many different treatment protocols) 
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Quality assessment  
 

Summary of findings 

№ of 
participants 
(studies) 

Risk 
of 
bias 

Inconsistency Indirectness Imprecision Publication 
bias 

Overall 
quality of 
evidence 

Impact 

Simple Attention (Within-subjects) 

 

379 (5 
observational 
studies) 

serious 
1,2,3,4,6  

serious5 not serious not serious none ⨁◯◯◯ 

VERY LOW 

Compared to pre-chemotherapy 
baseline, participants performed better 
on tests of attention following 
chemotherapy SMD -0.31 (-0.46, -0.16).  
The result is significant for fixed effects 
only.  

Short-term Memory (Within-subjects) 

509 (10  
observational 
studies) 

serious 
1,2,3,4, 7 

serious5 not serious not serious none ⨁◯◯◯ 

VERY LOW 

Compared to pre-chemotherapy 
baseline, participants performed better 
on tests of short-term memory following 
chemotherapy. SMD -0.11 (CI:-0.23, 
0.01). The result is non-significant and 
the trend is for fixed effects only.  

CI: Confidence interval; SMD: Standardised mean difference (SMD) 
1. Missing data; outcome measurement (e.g., large number of non-completers, reasons given for non-completers suggest bias, no explanation 

of the way missing data were handled) 
2. Outcome measurement (e.g., assessments based on tolerability, possible practice effects) 
3. Confounding (e.g., important variables (e.g., age, education) not accounted for; possible prior exposure to chemotherapy) 
4. Selection bias (e.g., process of selecting participants not well defined or selected in a way that may lead to systemic bias) 
5. Heterogeneity is moderate or considerable 
6. Few studies included in the meta-analysis 
7. Intervention bias (e.g., chemotherapy regimen was unclear or included many different treatment protocols) 
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Appendix G 

Discussion of Sensitivity Analyses 
 

 

     As noted in the body of the discussion, sensitivity analyses were conducted when there 

was moderate to considerable heterogeneity in the main findings.  Biological 

chemotherapy and grouping similar neuropsychological tests were the sensitivity analyses 

that best accounted for the heterogeneity.  Study quality, as defined by the risk of bias 

assessment, may also be an important factor in accounting for the heterogeneity; 

however, too few studies obtained a “low risk” rating such that the analyses could not be 

completed.  

     Sensitivity analysis: Biological chemotherapy. The type of chemotherapy 

administered was an important factor in explaining the heterogeneity between studies.  

When groups given biological chemotherapy were accounted for through sensitivity 

analyses, there was evidence that those receiving chemotherapy performed worse on tests 

of memory than the cancer control group, but not the healthy control group.  Although the 

results differed depending on the type of control used, the heterogeneity was accounted 

for in both analyses.  There was no change in significance for within-subjects designs 

assessing measures of planning; however, removing groups who received biological 

chemotherapy accounted for much of the variance.  In sum, there is evidence that 

chemotherapy may be associated with lower scores on memory when this group is 

compared to cancer controls; whereas, there is evidence of a true null effect for memory 

and planning when comparing the chemotherapy group to the healthy control group or to 

their pre-chemotherapy scores, respectively.  There was insufficient data to conduct 

sensitivity analyses on other types of chemotherapy drugs; however, the finding that the 
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type of drug administered may influence cognitive outcomes is consistent with other 

literature (Jansen et al., 2008).  

     Sensitivity analysis: Neuropsychological test.  When similar neuropsychological 

tests were grouped under a specific domain (e.g., memory for lists as opposed to stories), 

the amount of heterogeneity decreased for short-term memory, working memory, and 

processing speed, and the findings became significant.  Specifically, the chemotherapy 

group tested with a list-learning task performed worse in comparison to the cancer control 

group and, in comparison to the pre-treatment baseline, performance on a coding task 

improved following chemotherapy in within-subject designs.  One explanation for the 

variance among different neuropsychological tests of short-term memory is that tests 

purported to measure the same construct (e.g., short-term memory), often require the 

recruitment of other supporting cognitive functions to varying degrees, such as planning 

or attention (Calso et al., 2015).  Although the primary cognitive function (e.g., short-

term memory) is the focus of the task, the heterogeneity introduced by the varying extent 

to which other cognitive functions are recruited appears to be a clinically significant 

factor.   

     Sensitivity analysis: Risk of bias.  Sensitivity analyses were not conducted to assess 

risk of bias, as there were too few studies rated as low risk of bias.  The majority of 

studies had at least one rating of “high risk” on a risk of bias domain, making it 

impossible to compare only low risk studies.  Therefore, it is possible that factors rated on 

the ROBINS tool, including confounding, selection bias, intervention measurement, 

intended interventions, missing data, outcome measurement, or reported results, may 
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have influenced the results of the current analysis.   Possible influences of the factors 

identified by the ROBINS tool are discussed in Appendix H. 
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Appendix H 

Further Discussion of Limitations Identified by the ROBINS Tool 

     Factors identified by the ROBINS tool: Confounding.  The purpose of rating 

studies on confounding is to identify factors that were present prior to the study that may 

have influenced results.  Reasons for assigning unclear or high risk of bias included: 

remote control group exposure to chemotherapy, unspecified cancers, or multiple types 

and stages of cancer include in a study (e.g., Capuron, 2001; Denicoff, 1987; Jacobsen, 

2004; Mulder, 014; Natori, 2015).  Although a number of researchers (N=10) specified 

whether or not it was the individuals’ first diagnosis or first treatment for cancer, nine 

studies did not include this information making it difficult to describe individuals’ history 

with chemotherapy.  It is possible that participants’ scores had been influenced by 

previous treatment with chemotherapy or poor scores on neuropsychological tests arose 

from multiple course of chemotherapy across the lifespan.  Furthermore, as noted by 

Mulder (2014), the chemotherapeutic status of controls is often unknown.  Individuals in 

a cancer or a healthy control group may not be currently undergoing chemotherapy but 

may have a history of having been treated.  Thus, a limitation of the current meta-analysis 

is the unknown variability among individuals with respect to previous diagnoses and 

treatment for cancer.  

     In addition to unknown variability, there was considerable diversity with respect to 

diagnosis, prognosis, and chemotherapy protocol included in the meta-analysis.  Future 

meta-analyses may benefit from narrower search criteria to reduce the possible 

heterogeneity due to confounding factors, such as analysing specific types, stages of 

cancer, and treatment protocols together.  
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     Factors identified by the ROBINS tool: Selection bias.  Assessing the extent to 

which all eligible individuals are included in the meta-analysis is the purpose of rating 

selection bias.  In the current meta-analysis, reasons for rating selection bias as high 

included not describing or reporting the following: the recruitment strategy, the number 

of eligible of individuals invited versus the number who accepted to participate, reasons 

for declining participation (e.g., Bury, 2014; Cheng, 2013; Cheung, 2015).   

     When information about recruitment was provided, reasons for rating the risk of bias 

as high included, a large percentage of individuals who were approached but declined 

participation or reasons for declining may have led to bias (e.g., Collins, 2013).  Reasons 

individuals are not participating in a study and therefore not represented in a meta-

analysis may have important implications for the results.  For example, individuals with 

intact cognitive functions and well-developed coping skills may be more likely, than 

individuals who are demonstrating cognitive difficulties, to participate in 

neuropsychological studies, which typically are time consuming and cognitively 

demanding.  Individuals demonstrating difficulties with cognitive functions or poor 

coping skills may be more vulnerable to the effects of chemotherapy and may be less 

likely to be assessed.   

     Similarly, individuals who volunteered, but were removed by researchers for factors 

that may have influenced scores on cognitive function, also led to high risk of bias ratings 

(e.g., Collins, 2013; Natori, 2015).  Including only individuals who completed all of the 

intended rounds of chemotherapy or who completed the whole neuropsychological 

assessment may lead to the sickest individuals being excluded from the study, and 

subsequently from the meta-analysis (Higgins & Green, 2011).  For example, if 
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individuals had more difficulty processing information following chemotherapy, they 

may tire more quickly and be unable to complete the neuropsychological assessment, 

leading them to be excluded.  Including the data obtained from each person, even in an 

incomplete form, may be a better representation of the results than including only 

individuals who were cognitively well enough to complete the entire battery.  Lastly, 

studies in which individuals were not followed from a pre-treatment time point were also 

considered to be at a higher risk of bias (e.g., Baudino, 2012; Cheng, 2013; Mulder, 

2014; Natori, 2015).  While cross-sectional studies are time-efficient, one of the risks in a 

cancer population is that only individuals who responded well to treatment and are 

cognitively intact would volunteer to participate post-treatment, leaving a group of an 

unknown size who may be demonstrating cognitive difficulties.  A benefit of a 

longitudinal study is that, while there may be attrition, researchers would be better able to 

describe the group who did not participate post-treatment.   

     Factors identified by the ROBINS tool: Intervention Measurement/Intended 

Intervention.  As noted above, factors such as unequal exposure to 

chemotherapy/biological chemotherapy drugs among patients or to co-interventions 

among control group individuals may influence cognitive outcomes and are therefore 

rated as higher risk of bias.  High or unclear risk of bias was also assigned to studies in 

which the chemotherapy drugs were not listed or the treatment plan was not specified 

(e.g., Eberhardt, 2006; Hess, 2010; Hess, 2015).  Future research may consider 

documenting the types of drugs administered to individuals and the schedule of 

administration. 
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     Factors identified by the ROBINS tool: Missing data.  This risk of bias domain 

refers to individuals who began the study but do not have complete data.  In the current 

meta-analysis, studies were rated as a high risk of bias if there was a high rate of missing 

data/non-completers or there was no description of the way missing data was handled.  

High risk was also assigned when no reasons were given for participant attrition or the 

reasons given may have led to a systemic bias (e.g., Cheng, 2014; Cheung, 2015; 

Denicoff, 1987).  In the current meta-analysis, the missing data domain reflected the 

largest number of unclear and high level of bias ratings of all the domains, indicating that 

it is not possible to describe the sample of individuals who were eligible for participation 

but were not included in the analysis. This is a limitation of the current review, as the 

level of bias due to missing data cannot be adequately judged and lowers confidence in 

the results.  

     Factors identified by the ROBINS tool: Outcome measures.  The purpose of the 

meta-analysis was to assess cognitive functions of the frontal lobe objectively through the 

use of neuropsychological tests.  Reliable and valid measures of psychological variables 

were used to assess depression, anxiety, and subjective cognitive function.  As such, all 

factors included in the meta-analysis are considered to be reliably and validly measured, 

with neuropsychological tests considered to be more objective than psychological 

measures (Lezak et al., 2012; Snyder et al., 2011).  Therefore, high risk of bias ratings in 

this domain arose from the situation in which testing was conducted, as opposed to risk 

arising from the tests themselves.  Studies that did not use batteries with alternate forms 

or corrections for repeat testing were considered to be higher in risk of bias (e.g., Bender 

et al., 2001; Jansen et al., 2008).  Similarly, studies in which immediate and follow-up 
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testing were situated close in time were considered to be higher risk of bias, due to 

the potential for practice effects (e.g., Collins, 2014; Denicoff, 1987).  

     Interpretation of neuropsychological measures.  Information required to interpret the 

results of the neuropsychological tests were often missing.  For example, factors known 

to influence neuropsychological tests, such as age and education, were not consistently 

reported among studies or were reported in ways that could not be used to describe the 

sample in the meta-analysis.  For example, age was reported as a mean, a frequency score 

for age ranges, or a median score, making it difficult to anticipate the possible impact of 

these factors on meta-analytic results.  Also, while studies typically identified the way in 

which the data were presented (e.g., mean as opposed to median), the type of score was 

often not reported (e.g., raw score mean versus standard score mean).  This is important 

in interpreting the results, as standard scores are often adjusted for age, sex, and 

education while raw scores are not (Jansen et al., 2008).  Furthermore, while some studies 

using raw scores adjusted for age, sex, and education in the statistical analysis, other 

studies did not report the adjusted results (e.g., Denicoff et al., 1987; Natori et al., 2015).  

Therefore, in the current meta-analysis a limitation is that only some of the scores were 

adjusted for the abovementioned factors, which decreases the level of confidence in the 

results.    

     Factors identified by the ROBINS tool: Reported results.  According to the 

Cochrane handbook for systematic reviews of interventions (Higgins & Green, 2011), 

publishing a protocol, including the statistical analyses that will be run, prior to 

conducting the study and then publishing results consistent with the protocol leads to the 

least risk of bias.  In such cases, readers can verify that all of the significant and non-
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significant results are published.  While this is becoming standard for randomized 

control trials, non-randomized control trials generally do not have a published protocol 

prior to commencing the study (Higgins & Green, 2011).  In the current meta-analysis, 

none of the studies reported results that could be crosschecked with a published protocol.  

Assessment in this domain relied on comparing the method section to the results section 

and ensuring that none of the analyses proposed were omitted from the results.  Studies in 

the current meta-analysis were internally consistent.  As the majority of studies reported 

adequate data, bias due to reported results is not considered a limitation of the current 

meta-analysis.  Future research may consider publishing protocols in advance of 

conducting research such that bias due to reporting results could be more thoroughly 

assessed. 

 

 

 




