
What is known and unknown about chemotherapy-related 
cognitive impairment in patients with haematological 
malignancies and areas of needed research

Annalynn M. Williams, M.S.1, Clive S. Zent, M.D.2, and Michelle C. Janelsins, Ph.D., M.P.H.2,3

1Department of Public Health Sciences, University of Rochester School of Medicine and 
Dentistry, Rochester, NY

2Wilmot Cancer Institute, University of Rochester Medical Center, Rochester, NY

3Department of Surgery, Cancer Control, University of Rochester Medical Center, Rochester, NY

Abstract

Cancer-related cognitive impairment (CRCI) is an important clinical problem for cancer patients 

and survivors. In this review, we summarize studies investigating the occurrence of impaired 

cognition in patients with haematological malignancies. Most published studies focus on survivors 

of childhood acute lymphoblastic leukaemia and primary CNS lymphoma. We also discuss studies 

conducted in acute myeloid leukaemia, myelodysplastic syndromes, chronic myeloid leukaemia, 

Hodgkin lymphoma, non-Hodgkin lymphoma and chronic lymphocytic leukaemia. Although 

research in this area is still emerging, it appears that a subset of chemotherapy-treated 

haematological malignancy survivors experience CRCI. Future research should focus on 

expanding the literature reviewed here with larger studies appropriately powered to assess 

cognition via objective and subjective measures in a longitudinal fashion to tease apart the impact 

of disease and the various forms of cancer treatment.
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Introduction

In 2015, an estimated 162,000 new cases of haematological malignancies were diagnosed 

(approximately 10% of all cancer diagnoses) and over 1.8 million haematological cancer 

survivors live in the United States (Howlader et al 2014). Improved diagnosis and treatment 

have markedly increased survival for many patients with haematological malignancies. 

Based on the most recent literature, current five-year survival rates are as follows: all 
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leukaemia 60.3%, Hodgkin lymphoma (HL) 87.7% and non-Hodgkin lymphoma (NHL) 

71.4% (Howlader et al 2014). Nearly all leukaemias and 69% of NHL are treated with 

chemotherapeutic agents (Rossi, et al 2015). Treatment-related side effects, including 

cognitive impairment, can decrease treatment compliance and ultimately impact quality of 

life; however, a deep understanding of the aetiology of these cognitive problems as a 

consequence of disease and/or treatment in haematological malignancies is still in its 

infancy.

Chemotherapy-related cognitive impairment (CRCI) is a collection of problems in memory, 

attention, concentration and executive functions that is associated with chemotherapy 

treatments in cancer patients. These problems can range from subtle to severe and last for 

months or years after treatment. CRCI affects an estimated 10 million cancer survivors in the 

United States. Based on data from all types of cancers, up to 30% of survivors experience 

cognitive impairment prior to therapy, 80% during therapy, and up to 35% may live with 

CRCI up to 20 years after treatment (Koppelmans, et al 2012). Decreased cognitive function 

is associated with poorer quality of life, inability to achieve work and educational goals, 

inability to drive or read, and decreased social connectedness (Bradley, et al 2005, Reid-

Arndt, et al 2010, Wefel, et al 2004). To date, the CRCI literature is dominated by breast 

cancer and other solid tumours. Haematological malignancies are usually systemic, and 

often treated with chemotherapeutic agents that have been implicated in CRCI in solid 

tumours. The growing literature in this area suggests that cognition is an important predictor 

of survival in patients with haematological malignancies (Dubruille, et al 2015) and 

therefore, understanding factors that lead to CRCI in haematological malignancies warrants 

attention.

Research on cognitive function in most types of haematological malignancies is limited. 

However, studies of cognitive function in paediatric acute lymphoblastic leukaemia (ALL), 

indicates that cognitive impairment can persist for years after completion of treatment. 

Clearly, a subset of haematological malignancy survivors does experience CRCI. This 

review will summarize the available literature on cancer-related cognitive impairment in 

survivors of haematological malignancies focusing on chemotherapy-treated survivors 

(Table I).

Methods of Study Selection

We conducted a PubMed search for studies published in English using the following search 

terms: cognition, cognitive impairment, cancer, hematological malignancy, leukemia, and 

lymphoma. Separate searches were done for each disease type and the words cognition or 

cognitive impairment. We included studies that reported on cognition in those treated with 

chemotherapy only for a haematological malignancy. In other words, studies were excluded 

if they only reported results of radiotherapy. In some malignancies (e.g. HL) only studies 

reporting on combination radiotherapy and chemotherapy were available and thus included. 

The search terms yielded 539 papers of which 75 were relevant to this review and abstracts 

were reviewed. Ultimately, 18 manuscripts met the inclusion criteria and are reviewed here. 

Of note, a large number of studies (n=23) examining CRCI in ALL are well characterized in 
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a recent systematic review (Cheung & Krull 2015) and, therefore, these are only briefly 

summarized in this review.

Detection and Management of Cancer-Related Cognitive Impairment

The multi-faceted nature of cancer-related cognitive impairment creates challenges in both 

study design and the interpretation of available literature (Vardy, et al 2008). Cognitive 

function can be assessed using subjective or objective measures, and several objective 

neuropsychological tests exist for each cognitive domain. While recommendations exist, 

there is no standardized assessment of cognitive function in cancer survivors, making it 

difficult to compare results across studies. The International Cancer and Cognition Task 

Force (ICCTF) has suggested the use of three neuropsychological tests to increase 

comparability across studies (the Trail Making Test, Hopkins Verbal Learning Test-Revised 

and the Controlled Word Association test) (Wefel, et al 2011).

In addition to the ICCTF recommendations, many studies also focus on subjective measures 

of cognitive function. Subjective self-report measures, or patient-reported outcomes, are 

important because they reflect the person’s perceived current cognitive state (Phillips and 

Bernhard 2003) but are only moderately correlated with more precise concurrent objective 

measures, such as neuropsychological testing (Vardy, et al 2008). Nonetheless, subjective 

measures allow us to assess a period of time. For example, we can ask participants if they 

feel they have experienced a cognitive decline over the past week, which can capture CRCI 

symptoms that may not be occurring at the time of neuropsychological testing.

The majority of studies reviewed here used the European Organization for the Research and 

Treatment of Cancer-Quality of Life Questionnaire 30 (EORTC-QLQ30) to assess subjective 

cognitive function. The EORTC-QLQ30 is a validated quality of life questionnaire; it 

consists of five functional subscales, including one that subjectively assesses cognitive 

function. However, this subscale is based on only two line items within the EORTC-QLQ30 

and may not accurately capture the cognitive impairment suffered by these patients (Alibhai, 
et al 2009). The Functional Assessment after Cancer Cognition (FACT-Cog) is a newer 

assessment tool that aims to gain a deeper understanding of cognitive problems and could be 

useful in studies of patients with haematological malignancies. The FACT-Cog is a well-

validated Likert scale-based questionnaire of 37 line items (Wagner et al 2009). Participants 

are asked multidimensional questions regarding their perceived cognitive impairment, 

comments from others, perceived cognitive abilities and impact on their quality of life (Joly, 

et al 2012).

Objective measures of cognitive function can help to tease out which cognitive domains are 

most affected in cancer survivors. Despite the ICCTF recommendations, not all studies 

include the same neuropsychological tests. Further, within each scientific study of cognition, 

different domains are evaluated using different tests, and in any given domain of cognition 

anywhere from one to upwards of five tests or more can be used to evaluate a participant. 

Further, a significant association may be observed with only one of many tests within a 

domain, making it extremely difficult to compare results within and across studies (Vardy, et 
al 2008). Administering a comprehensive battery of these tests may take hours and can be 
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burdensome to the participant (Matsuda, et al 2005). This is particularly a challenge for 

studies that involve children; care must be taken to select assessments that are appropriate 

for their age range, minimize time and distractions, allow for appropriate breaks, and are not 

influenced by motor-skill deficiencies (Weintraub, et al 2013). The lack of a standardized 

method to evaluate cognitive function contributes to inconsistent results between studies 

(Hess and Insel 2007). For example, if one study reports a decrease in executive function 

after chemotherapy but another does not, this discrepancy makes the results difficult to 

interpret.

The absence of a standardized grading of cognitive impairment adds to the challenges in 

obtaining consistent and comparable measurement of cognitive function. Researchers 

commonly use from 1.5 to 2 standard deviations below the normative mean to define mild 

cognitive impairment on objective assessments although recent research has suggested that 

even changes of less than 1-2 standard deviations may be meaningful (Joly, et al 2015). In 

addition, researchers may list the percentage of subjects impaired in each domain or 

consider global definitions with varying requirements (e.g. impaired on at least one test; 

impaired on at least two tests) making a comparison of the rate of impairment across studies 

difficult (Wefel, et al 2015).

Regardless of the challenges involved in the measurement and detection of cancer-related 

cognitive impairment, it is clear that a subset of cancer survivors have CRCI. Research has 

begun to focus on interventions to alleviate or prevent CRCI including: cognitive 

behavioural therapy, cognitive brain training, mindfulness-based stress reduction and 

physical activity (Janelsins, et al 2014, Joly, et al 2015). Cognitive behavioural therapy has 

been used in two pilot studies of breast cancer patients demonstrating improvements on 

objective and subjective measures of cognitive function (Ferguson, et al 2007, Ferguson, et 
al 2012). Cognitive brain-training studies suggest improvement in executive functions 

(Kesler, et al 2013) and yoga may reduce perceived memory problems (Janelsins, et al 
2015). However, some of these studies were done in small populations or have other 

limitations and larger clinical trials are required to definitively test these interventions.

Clinical and Demographic Factors Influencing CRCI

Many non-therapy-related factors can influence CRCI in patients with a haematological 

malignancy (Figure 1). These include demographics (e.g. age, intelligence/education, 

gender, race), factors associated with a cancer diagnosis and treatment (e.g. anxiety, 

depression, fatigue) and comorbidities. It is estimated that, by 2020, two thirds of all cancer 

survivors will be at least 65 years of age (Stouten-Kemperman, et al 2015). Cancer and its 

treatment may exacerbate normal aging processes and increase cognitive impairment in 

these older cancer survivors (Mandelblatt, et al 2014). A recent National Health and 

Nutrition Examination Survey (NHANES) analysis showed that survivors aged 60 years and 

older scored worse on a test of processing speed, attention, working memory and executive 

function domains compared to non-cancer survivors (Williams, et al 2015). These findings 

justify additional research on cognitive function in patients with haematological 

malignancies, many of which are more common in older patients.
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Anxiety, depression and fatigue may be key factors contributing to cognitive impairment 

pre- and post-chemotherapy. These factors are often highly correlated with subjective 

cognitive measures and, in non-cancer populations, anxiety and depression disorders have 

been associated with poorer performance on objective tests of executive function (Schagen, 
et al 2014). However, some studies in cancer survivors have not shown an association 

between anxiety, depression or fatigue and performance on objective tests of cognitive 

function, indicating they are one part of a multifaceted framework that contributes to CRCI 

(Figure 1) (Biglia, et al 2012). Research in this area is relatively new, and more data is 

needed to determine the role these factors play in CRCI.

Proposed Mechanisms of Chemotherapy Related Cognitive Impairment

Several biological mechanisms have been proposed that could explain the association 

between cancer and cognitive function, including neurotoxicity, inflammation, hormonal 

factors and a decrease in brain volume and metabolism (Phillips and Bernhard 2003). Most 

of the literature has hypothesized that the neurotoxic effects of chemotherapy cause 

extensive damage and inflammation that can persist for the rest of the survivor’s life (Ahles 

and Saykin 2001, Ahles and Saykin 2007, Dutta 2011, Janelsins, et al 2014). Conventional 

chemotherapy effects are generally not targeted, and some of these agents can cross an intact 

blood-brain barrier (Hess and Insel 2007). Further, genetic variability in blood-brain barrier 

proteins could potentially increase concentrations of chemotherapy in the brain and thus 

cause neurotoxicity (Ahles and Saykin 2007). These toxic effects can include altered brain 

metabolism, DNA damage and telomere shortening, resulting in long-lasting and irreversible 

decreases in cognitive function (Ahles and Saykin 2007, Dutta 2011, Koppelmans, et al 
2013).

Chemotherapy can also indirectly influence cognitive function through vascular injury, 

inflammatory processes, oxidative stress, and mitochondrial toxicity. Chemotherapy-induced 

vascular injury can cause cerebral ischaemia and cognitive impairment (Ahles and Saykin 

2001). Cancer and chemotherapy-induced inflammation can increase levels of cytokines, 

such as interleukins 6 and 8 and monocyte chemoattractant protein 1 (Janelsins, et al 2011). 

Cytokines can enter the brain and stimulate cells to produce other proinflammatory 

cytokines that interfere with neuronal growth. This cytokine deregulation can lead to an 

increase in oxidative stress and induce DNA damage (Ahles and Saykin 2007), which may 

help to explain why cognitive damage can occur in patients receiving treatments not 

expected to directly affect their brain (Asher 2011). Over time, this increase in oxidative 

stress can increase glucocorticoid levels resulting in structural and functional damage to the 

hippocampus, causing cell death, and decrease neuronal growth leading to defective learning 

and memory (Dutta 2011), which has been shown to persist in animal models (Koppelmans, 
et al 2013). Mitochondrial damage has been associated with cognitive impairment in 

traumatic brain injury and neurodegenerative disorders such as Alzheimer’s disease. 

Growing evidence suggests that chemotherapy and perhaps the tumour itself can alter 

mitochondrial function and affect cognition by a mechanism that is poorly understood 

(Vichaya, et al 2015).
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The aetiology of CRCI is thus likely to be multifactorial and include both direct and indirect 

mechanisms. However, many of these hypothesized mechanisms are not well understood and 

require further evaluation. The following sections review the available literature on cognitive 

function in haematological malignancy survivors with a focus on those treated with 

chemotherapy.

Studies Encompassing all Haematological Malignancies

There is limited published data on cognitive impairment across all haematological 

malignancies. A study of 140 haematological malignancy survivors, most of whom were 

inpatients with active disease, self-reported worse cognitive functioning compared to 

published norms on the EORTC-QLQ30 (Pamuk, et al 2008). The EORTC-QLQ30 is a 

validated quality of life questionnaire used frequently in cancer survivorship studies, 

including a cognitive subscale based on only two line items that may not be representative of 

the true cognitive burden in these patients (Alibhai, et al 2009).

Another longitudinal series of studies in haematological and gastrointestinal malignancy 

survivors found that those treated with chemotherapy performed worse on tests of memory 

and verbal learning. When re-evaluated six months later, the chemotherapy-treated patients 

improved on these domains, implicating neurotoxic effects of chemotherapy (Eberhardt, et al 
2006a, Eberhardt, et al 2006b). However, these results were not stratified by disease site 

(haematological or gastrointestinal) and cancers were not uniformly treated.

Acute Lymphoblastic Leukaemia

ALL is the most common leukaemia below age 20 years and is the most prevalent (26%) 

childhood cancer. In the United States, the 2014 estimated annual incidence was 6,000 cases 

with a prevalence of 68,728 (Howlader et al 2014). Historically, ALL treatment included 

cranial radiation, which has been associated with cognitive impairment; however, clinical 

trials demonstrated that improved systemic therapy combined with intrathecal chemotherapy 

could effectively replace cranial radiation (Gaynon, et al 2010). This paradigm shift has 

increased the importance of understanding the cognitive effects of chemotherapy in ALL.

There is considerable published data on CRCI in survivors of paediatric ALL treated without 

radiation as recently reviewed by Cheung and Krull (2015). Studies were included if they 

examined ALL survivors at least 5 years from diagnosis or two years from completion of 

treatment, and at least one study arm must have been treated with chemotherapy only (no 

cranial radiation). Twenty-three studies were included, four of which were longitudinal. 

Sample sizes of the included studies were small, ranging between 10 and 50 ALL survivors. 

The authors concluded that survivors treated with chemotherapy only regimens had less 

cognitive impairment compared to those who received cranial radiation. However, survivors 

treated with chemotherapy performed worse than healthy participants on tests of executive 

function, attention, memory and motor function. Those who received high-dose 

methotrexate suffered more cognitive impairment compared to those that received low-dose 

methotrexate (Cheung and Krull 2015).
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Acute Myeloid Leukaemia (AML)

AML is more commonly diagnosed in older adults with an annual incidence of 18,860 and 

prevalence of over 37,000 in the U.S. (Howlader et al 2014). Many AML patients receive 

intensive and extended chemotherapy treatments, but there are only two small longitudinal 

published studies on CRCI in this population.

Meyers et al (2005) evaluated 54 AML and myelodysplastic syndrome (MDS) survivors pre-

treatment and reassessed 26 of these participants one month after therapy completion (54% 

achieved a complete response). All patients were treated with liposomal daunorubicin plus 

cyclophosphamide or topotecan, plus or minus thalidomide. Prior to treatment, the patients 

performed worse than published norms on tests of memory, verbal fluency, processing 

speed, executive function and fine motor function. At one month after therapy completion, 

only fine motor function significantly worsened, with 37% of patients impaired at baseline 

and 54% impaired at follow-up. An increased percentage of patients had impairment on tests 

of psychomotor speed, memory, verbal fluency and executive function at follow-up, but 

these differences were not statistical significant. However, this study was limited because 

only half the patients were available for re-evaluation. The authors attribute this large loss to 

follow-up to logistical problems; however, selection bias cannot be ruled out. Patients 

included in the second evaluation were more likely to have achieved a complete remission 

and many participants who achieved a partial remission or had no response were not re-

evaluated, suggesting the results may underestimate cognitive decline in this population. 

Unfortunately, these study results are not stratified by disease type or treatment regimen to 

further examine the cognitive effects of disease and chemotherapy (Meyers, et al 2005) .

A second study evaluated subjective cognitive function in 20 AML patients pre-treatment, 

with follow-up evaluations at 1, 4, 6, 9 and 12 months post-treatment (Alibhai et al 2009). 

The majority of patients received induction chemotherapy consisting of daunorubicin and 

cytarabine; those who did not achieve a complete remission were re-induced with 

mitoxantrone, etoposide, and cytarabine. Patients who achieved a complete remission 

received consolidation therapy using the same chemotherapeutic agents as induction and a 

second consolidation cycle with mitoxantrone and etoposide. Participants scored similarly to 

published norms at all time points on the cognitive subscale of the EORTC-QLQ30, and the 

authors report no clinically meaningful difference from baseline to 1 year.

Myelodysplastic Syndromes (MDS)

The annual incidence of MDS in the U.S. is over 14,500 cases and median overall survival 

ranges from less than one year in patients with very high risk MDS to over 8 years in the low 

risk groups (Howlader et al 2014). Current management of MDS is often supportive, but 

disease-directed therapies include chemotherapy and allogeneic haematopoietic stem cell 

transplantation (alloHSCT).

MDS patients were included in the two studies of myeloid malignancies. One study of 

patients with MDS or AML patients reported increased cognitive deficits prior to any 

treatment and more dysfunction up to one month after therapy (Meyers, et al 2005) . 
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Another study of patients with MDS or chronic myeloid leukaemia (CML) reported high 

rates of impairment at baseline and improvements up to 18 months after treatment 

(Meadows, et al 2013). However, neither of these studies was able to stratify analyses on 

disease type due to small sample sizes.

Chronic Myeloid Leukaemia (CML)

There are over 6,000 new cases of CML diagnosed each year, accounting for 15% of all 

leukaemias, and 34,000 people living with CML in the U.S. The introduction of oral tyrosine 

kinase inhibitors doubled five-year survival to 60% by 2010 (Siegel, et al 2016). All but one 

study examining cognitive impairment in CML have focused on alloHSCT treatment for 

CML.

Meadows et al (2013) followed 91 CML and 11 MDS survivors who had either been 

diagnosed within the past year or had a treatment plan that included alloHSCT (34%). Most 

(85%) of the CML patients who did not receive alloHSCT were treated with imatinib 

mesylate. Participants were evaluated a median of 6 months after diagnosis (baseline), and 

then one year and 18 months after the first assessment. At baseline, at least 80% of the 

sample was impaired on at least one neuropsychological test and this decreased to 64% by 

18 months (defined as ≥1.5 standard deviations below the mean). However, as a group, they 

performed similar to published norms in all domains at baseline, and the authors reported 

significant increases in memory, attention and executive function from baseline to 18 

months. Unfortunately, results stratified by alloHSCT are not available for this study, 

making it difficult to isolate the effects of therapy on cognition. Conditioning regimens for 

alloHSCT can include total body irradiation, with its well-described effects on cognition, 

and graft-versus-host disease can induce inflammation, which is a possible cause of CRCI. 

These data are thus not sufficiently informative on the effect of CML and its targeted therapy 

on cognitive function (Meadows, et al 2013).

Chronic Lymphocytic Leukaemia (CLL)

CLL, including the small lymphocytic lymphoma (SLL) variant, is the most prevalent 

lymphoid malignancy in the U.S. with an estimated 120,000 - 140,000 Americans having the 

disease. Approximately 20,000 people are diagnosed with CLL each year and ~5,000 people 

will die from it annually (National Cancer Institute 2014). Chemoimmunotherapy is very 

effective in treating CLL but is non-curative. The introduction of monoclonal antibody and 

small molecule targeted therapy has increased treatment efficacy and survival.

To our knowledge only three studies have evaluated cognition in CLL patients, all using the 

EORTC QLQ-30. In a study of all haematological malignancies (Pamuk, et al 2008), CLL 

patients had a mean score of 63 on the cognitive functioning subdomain, which is 

significantly lower than published normative means of >85 (Hjermstad, et al 1998). 

However, this study included only 25 CLL patients, the majority of whom were inpatients 

with active disease and thus not representative of the general CLL population (Pamuk, et al 
2008).
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In the British-led Leukaemia Research Fund 4 (LRF4) study, 431 patients with Binet stage A 

CLL and progressive disease were assessed using the EORTC-QLQ30 before randomization. 

The patients scored lower than publish norms; however, this difference was not clinically 

meaningful (<5 points difference). Patients reporting B symptoms performed 13 points 

worse than other patients in the study, a difference that was both statistically and clinically 

significant (Else, et al 2008), suggesting that patients with more symptomatic disease could 

have more severe cognitive dysfunction. These patients were reassessed five years later. 

Approximately 19% of patients who received chlorambucil and 38% who received 

fludarabine and chlorambucil had worsened self-reported cognitive functioning (absolute 

measures not reported, p=0.005). These changes in cognitive function are probably 

underestimates, as patients who were older, had more advanced stage disease or had early 

disease progression were less likely to survive to be included in the five-year follow-up 

(Else, et al 2012). The complex nature of CRCI is highlighted by the difference in changes 

in cognitive function decline between the two reported study groups. Factors that could have 

contributed to these differences include treatment toxicity and the depth and duration of 

response, which were not analysed in detail.

A study of 76 CLL survivors and 152 age- and gender-matched non-cancer participants 

found that CLL survivors scored lower on the cognition domain of the EORTC QLQ-30 than 

healthy participants (74.4 vs. 80.4, p<0.1) and that patients previously treated with 

chemotherapy performed better than previously untreated patients (77.1 vs. 72.5 p>0.05) 

(Holzner, et al 2004). While this data is informative, all of these studies are based on self-

report measures designed to capture quality of life where only two questions assess 

cognition. Objective assessments in CLL survivors are warranted to determine which 

cognitive domains are affected (if any).

Hodgkin Lymphoma (HL)

Over 9,000 new cases of HL will be diagnosed each year and there are currently over 

177,000 HL survivors in the U.S. (Howlader et al 2014). HL treatment modalities include 

chemotherapy, radiation, conjugated monoclonal antibodies and targeted immune modulator 

agents.

Two cross-sectional studies of long-term HL survivors have reported objective and 

subjective cognitive deficits persisting for years after completion of treatment. One of the 

earliest studies on CRCI evaluated 93 HL survivors at an average of 10 years from diagnosis, 

and 186 sex-, age- and residency-matched healthy participants using the EORTC-QLQ30. 

HL survivors reported significantly lower cognitive functioning compared to healthy 

subjects (79.5 vs. 89.8, p=0.03) (Joly, et al 1996). Another study evaluated 62 HL survivors 

at least 15 years post-therapy with combination chemotherapy including an anthracycline, 

who were treated with either a higher (≥30 Gy) or lower (<30 Gy) dose of thoracic radiation. 

Up to 27% of survivors were impaired (>1 standard deviation below the normative mean) on 

tests of attention, 45% on tests of memory, 43% on tests of processing speed and 25% on 

tests of executive function without any differences according to radiation dose (Krull, et al 
2012).
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Because HL therapy often includes radiation, it is unclear what proportion of cognitive 

impairment is attributable to chemotherapy. Although Krull et al (2012) did not find 

significant differences in the effects on cognition of radiation dose, they hypothesized that 

thoracic radiation is associated with cardiopulmonary morbidities that may result in central 

nervous system (CNS) morbidities that ultimately result in cognitive impairment. 

Anthracyclines and other chemotherapies used in HL have been associated with cognitive 

impairment when used to treat other malignancies, and it’s possible that thoracic radiation 

magnifies cognitive impairment in this population (Krull, et al 2012).

Two studies have examined groups composed of both HL and non-Hodgkin lymphoma 

(NHL) survivors.Baudino et al (2012) compared 14 patients prior to chemotherapy to 14 

age- and sex-matched patients who had finished chemotherapy between one week and three 

years previously. Patients who had received chemotherapy were treated with either ABVD 

(doxorubicin, bleomycin, vinblastine, dacarbazine) or CHOP (cyclophosphamide, 

doxorubicin, vincristine, prednisolone). The authors reported no significant differences on 

tests of language; however participants did perform worse on measures of attention and 

verbal fluency although these differences were not significant (Baudino, et al 2012). Ahles et 
al (2002) also enrolled HL and NHL survivors at least five years after diagnosis who had 

received systemic chemotherapy (n=36) or surgery and radiation (n=22). Among those 

receiving chemotherapy the most common regimen was CHOP. Lymphoma survivors 

performed worse on tests of language, memory, psychomotor function, attention and spatial 

ability; however, these differences were not statistically significant (Ahles, et al 2002).

Non-Hodgkin Lymphomas (NHL)

Approximately 70,800 cases of NHL are diagnosed annually in the U.S. with approximately 

585,000 survivors living in the U.S. (Howlader et al 2014). NHL is a heterogeneous group of 

diseases with diverse treatments including radiation, immunotherapy and chemotherapy.

A study of 30 B-cell NHL survivors 1-3 months post-therapy with either bendamustine and 

rituximab or CHOP plus rituximab found more self-reported cognitive problems on the 

EORTC-QLQ30 test compared to healthy controls (N=10) (88.3% vs. 64.4% %, p=0.013) 

(Zimmer, et al 2015). NHL survivors also performed significantly worse on tests of 

executive function and attention (p=0.003). However, this study was small and only 

evaluated executive function and attention (Zimmer, et al 2015).

Another study comparing 307 diffuse large B-cell lymphoma survivors (mean of 3.4 years 

from treatment) with 596 age- and sex-matched non-cancer controls examined subjective 

cognitive impairment using the EORTC-QLQ30 (van der Poel, et al 2014). Almost all of the 

survivors had received chemotherapy (95%, type not specified) and 29% also received 

radiation. The lymphoma survivors self-reported more cognitive problems than healthy 

participants, with a larger effect size in survivors aged 18 to 59 than in 60- to 85-year-olds 

(18 to 59 group difference 13 points, p<0.01) (van der Poel, et al 2014).
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Primary CNS Lymphoma (PCNSL)

Up to 1,600 cases of PCNSL are diagnosed in the U.S. each year (Villano, et al 2011). 

Treatment for PCNSL with whole-brain irradiation results in a median overall survival of 

12-18 months but high dose chemotherapy (e.g. high dose methotrexate with leucovorin 

rescue) increases median survival to 60 months or more (Schafer, et al 2012).

We reviewed five published studies of CRCI in PCNSL survivors treated without whole 

brain radiotherapy, four of which were longitudinal (Correa, et al 2012, Doolittle, et al 
2013a, Doolittle, et al 2013b, Fliessbach, et al 2005, Juergens, et al 2010). The longitudinal 

studies reported that compared to pre-treatment cognition, there was stable or increased 

cognitive function months or years post-treatment. However, two of these studies reported 

that up to 60% of survivors were still impaired compared to published norms for the 

domains of attention, executive function, verbal fluency, memory and psychomotor function 

5 or more years after treatment (Doolittle, et al 2013b, Fliessbach, et al 2005).

Cognitive Impairment with Treatment Modalities Other than Chemotherapy

Radiation Therapy

The neurotoxicity of whole brain radiation has been well documented, especially in ALL 

and PCNSL, and new treatment regimens avoid or limit its use (Cheung and Krull 2015) 

(Doolittle, et al 2013b). CRCI is also associated with radiotherapy to other parts of the body, 

although the effects do not seem to be as severe as with chemotherapy (Janelsins, et al 
2011).

HSCT

There are several studies showing patient-reported cognitive impairment before and after 

HSCT (Andrykowski, et al 1999, Booth-Jones, et al 2005). However, objective assessments 

of cognition in these studies were less consistent, and studies frequently did not distinguish 

between allogeneic and autologous HSCT. Phillips et al (2013) published a systematic 

review and meta-analysis of all studies examining cognition in HSCT survivors prior to 

2011. Seventeen articles were reviewed and 11 were included in the meta-analysis (n=404 

subjects). The authors concluded that there was consistent evidence for pre-HSCT cognitive 

impairment in the domains of memory, attention, verbal fluency, executive functioning and 

visuospatial functioning. However, given that HSCT is not typically a first line therapy, the 

majority of patients would have already received treatment for their disease . The 

longitudinal studies reviewed provided mixed evidence for cognitive decline from pre- to 

post-HSCT. The meta-analysis showed declines in attention, information processing and 

motor speed (effect sizes of -0.10, -0.21, -0.17 respectively) but these failed to reach 

statistical significance, leading the authors to conclude there is not sufficient evidence to 

suggest cognitive decline after HSCT (Phillips et al 2013).

The HSCT CRCI literature is limited by small studies with extreme sample heterogeneity. In 

addition to including patients with both allogeneic and autologous donors, the studies did 

not stratify for conditioning regimens (and especially use of radiotherapy), disease entities 

and prior therapies. In studies comparing haematological malignancy survivors treated with 
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or without HSCT, HSCT was associated with worse psychomotor function (n=106, and 40 

respectively) (Chang, et al 2009, Harder, et al 2007). However, only one of these studies 

found that HSCT was associated with worse function on tests of attention and executive 

function (20 months post-treatment) (Harder, et al 2007).

Targeted small molecule inhibitors

Small molecule inhibitors and other targeted therapies have emerged as effective and less 

toxic treatments for haematological malignancies. There are no published data on the effects 

of these targeted treatments on cancer-related cognition. As the role of these new drugs 

expands, these data will become more important in planning patient management.

Clinical Implications of CRCI

Accurate clinical evaluation and description of cognitive impairments is important because 

cognitive impairment can lead to poor treatment compliance, decreased quality of life, 

inability to work, drive and read (especially in older adults), and difficulty returning to work 

or school (Myers 2012, Reid-Arndt, et al 2010). In a study of 226 severely ill patients, 80% 

said they would not have chosen a treatment if they had known it would affect their 

cognitive ability (Fried, et al 2002), and cancer survivors who self-report cognitive 

difficulties are often significantly bothered by them (Schagen, et al 2008). Thus, concerns 

about cognitive problems should be evaluated and addressed by the treating physician and 

psychologists.

An improved understanding of CRCI could improve treatment decisions and interventions. 

For example, more research is need in indolent lymphoid malignancies, such as CLL, where 

there can be a long time between diagnosis and initial treatment, to determine if disease 

progression impairs cognitive function before patients meet the current criteria for initiation 

of treatment and if successful therapy exacerbates or decreases cognitive dysfunction. 

Additionally, learning more about the interrelationships between cognitive dysfunction and 

specific malignancies and their treatments will be informative for developing interventions 

that could improve treatment outcomes.

Lastly, baseline cognitive function has been correlated with survival. A longitudinal study of 

haematological malignancy survivors found that those with any cognitive impairment had a 

one-year overall survival of 63% compared to 83% for those with no cognitive impairment 

(hazard ratio 3.2 85% confidence interval 1.04-10.19) (Dubruille et al 2015). However, the 

independent value of these findings needs to be confirmed in studies that control for 

confounding variables including comorbidities.

The management of cognitive impairment in haematological malignancy survivors should be 

individualized depending on the patient’s specific circumstances and concerns. Physicians 

may consider addressing anxiety, depression and fatigue as well as stressors, and suggest 

coping strategies for managing cognitive complaints. Cognitive impairment is one of many 

adverse events that cancer survivors experience; increased physician and patient awareness 

of treatment history and associated risks will help to identify those patients most at risk for 
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early and late effects including CRCI and provide individualized care (Robison and Hudson 

2014).

Limitations of Current Research and Future Directions

The available haematological malignancy CRCI data are limited by small sample sizes, 

heterogeneous patient populations, cross-sectional design and few (or no) studies in each 

malignancy. Future research should focus on haematological malignancies that have the least 

data. For example, there are many studies of childhood ALL survivors but sparse literature 

on patients with CLL and other NHL subtypes. Future studies should utilize multiple study 

sites to increase sample size and focus on patients with the same disease and treatment 

whenever possible. Longitudinal studies with pre-treatment cognitive function assessments 

are needed to differentiate between the effects of disease and treatment on cognitive 

function.

The studies reviewed used a variety of neuropsychological assessments of many cognitive 

domains, making it difficult to compare results. Future studies should employ the 

neuropsychological assessments recommended by the ICCTF (Wefel, et al 2011). Most 

studies that examined subjective measures of cognitive function used the cognitive 

subdomain of the EORTCQLQ-30. This validated questionnaire was developed to assess 

quality of life and conclusions on cognitive function are based on only two questions. Future 

research should employ a validated questionnaire designed to assess cognitive function, such 

as the Functional Assessment after Cancer Cognition (FAT-Cog).

Summary

The limited CRCI literature in haematological malignancy survivors is currently dominated 

by studies of childhood ALL survivors and PCNSL. Many of the published studies in other 

haematological malignancies are limited by small sample size, cross-sectional design and 

heterogeneous patient populations. Nevertheless, it is apparent that a subset of 

chemotherapy-treated haematological malignancy survivors experience cognitive 

impairment. Future research should focus on understudied malignancies (NHL; CLL) using 

homogenous samples with similar treatment experiences, and take advantage of multiple 

sites to enrol large populations in studies powered to detect subtle cognitive changes.
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Figure 1. 
Factors Influencing Cancer Related Cognitive Impairment.
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