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Chapterr 2 

Introductio n n 

Moree effective and multimodality treatment of cancer has resulted in an increased number of 
patientss who live longer, leading to a growing interest in treatment related side-effects and 
theirr impact on quality of life. Although it is recognized that cancer and its treatment may be 
followedd by neurotoxic complications, the etiology, nature and incidence of these problems 
aree scarcely documented. 

Cognitivee deficits in cancer patients can be due to various causes. First, the disease itself can 
influencee cognitive functioning. Central nervous system (CNS) tumors (primary or 
metastatic),, remote effects of neoplastic lesions, endocrine changes in the paraneoplastic 
syndromess and metabolic or toxic encephalopathies induced by the cancer are all frequent 
causess of cognitive impairment. Infections secondary to immunosuppression are another 
commonn cause of cognitive deficits.' Furthermore, cognitive impairment can be related to 
medicationss administered to control side-effects of the therapy or of the cancer itself, such as 
symptomm treatment with corticosteroids or opioids.2 Anxiety, depression, fatigue and its 
pharmacologicall  treatment may also negatively affect patients' ability to concentrate or focus, 
leadingg to complaints of forgetfulness and other cognitive problems/'4 Finally, the tumor 
therapyy itself can cause neuropsychological deficits. Profound effects on brain function after 
immunotherapyy are described" and central neurotoxicity is reported in patients treated with 
craniall  irradiation as a single treatment or in combination with chemotherapy, and in patients 
treatedd with intrathecal or systemic chemotherapy.6 8 Combined modality treatment is often 
associatedd with a higher incidence of neurotoxicity. In cancer patients the cognitive problems 
followingg multimodality treatment have received attention, 9 " whereas only few studies have 
addressedd late central neurotoxic side-effects of systemic chemotherapy given as a single 
treatmentt for non-CNS tumors. 

Thiss chapter presents an overview of studies that have evaluated cognitive functioning in 
adultt cancer patients treated with cytotoxic agents. Neuropsychological studies with 
quantifiedd outcomes based on the administration of standardized psychometric tests are 
presented.presented. Results of the neuropsychological studies are discussed, and special attention is 
paidd to the choice of the outcome measures and the methods used to determine cognitive 
dysfunction. . 

Overvieww of studies 

Inn the period between January 1980 and January 2001, 14 studies have addressed the 
cognitivee functioning of adults patients treated with systemic chemotherapy using 
standardizedd neuropsychological tests (for overview see Table 1). These studies vary in the 
wayy they approach this problem in cancer patients. Some were specifically designed to 
investigatee the role of chemotherapy in cognitive impairment, others aimed to evaluate 
cognitivee problems in a broader context by testing a mixed population, or have investigated 
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patientss undergoing bone marrow transplantation. In addition, many studies have assessed the 
prevalencee of cognitive problems in patients receiving prophylactic cranial irradiation 
comparedd with patients treated with chemotherapy given as single treatment. The differing 
goalss of these studies determine the degree to which the specific topic of cytotoxic treatment 
andd cognitive impairment is elucidated. 

Resultss of cross-sectional studies 

Twoo studies have examined cognitive functioning following chemotherapy in a heterogeneous 
samplee of patients.12'1" In 1980, Silberfarb et al. conducted a neuropsychological study in 
consecutivee patients admitted to an oncology department. '2 Patients not only varied with 
regardd to site and type of malignancy, but some had brain metastases or metastases outside the 
CNSS and some patients were receiving chemotherapy whereas others received no treatment. 
Withinn 48 hours of admission the patients were tested with three neuropsychological tests. 
Thesee results were compared with results from a healthy reference group (staff members) and 
withh results from a group of psychiatric patients; unfortunately, comparisons between the 
patientt group and the reference groups were made for one neuropsychological test only. All 
cancerr patients completed a number of questionnaires on anxiety, depression and general 
distress.. In the control groups, only depression was measured. All cancer patients performed 
worsee on the neuropsychological test than participants in the control groups. The most 
importantt observation was that the patients treated with chemotherapy had lower scores on all 
testss than patients who were not treated with chemotherapy, regardless of the primary site of 
thee cancer or whether or not there were metastases to the brain. No relation between 
psychosociall  test results and cognitive functioning was found. The potential cause for the 
cognitivee impairment found in a number of patients treated with chemotherapy, was only 
brieflyy addressed. The authors conclude that the mechanism of the cognitive impairment in 
theirr patients receiving chemotherapy is unclear, because many of the cytotoxic agents given 
too these patients do not cross the blood-brain barrier. Generalized comments about 
involvementt of metabolic by-products were made.1" Meyers and Abbruzzese (1992) also 
investigatedd a mixed group of cancer patients previously treated with systemic chemotherapy. 
Inn their study, 45 patients with evidence of non-CNS metastatic disease were tested prior to 
furtherr treatment. Neuropsychological testing showed that 18% of the patients receiving 
chemotherapyy had abnormal test scores compared with normative data. Patients additionally 
underwentt conventional EEG, but the abnormal EEG results found in some patients were not 
relatedd to the neuropsychological test performance. '3 

Andrykowskii  et al. (1992) assessed the cognitive functioning of 55 bone marrow transplant 
candidates,, all of whom had a malignant disease.' Patients were tested prior to the bone 
marroww transplantation using a screening battery of eight standardized neuropsychological 
tests.. In addition to the test battery, all patients completed the Brief Profile of Mood States, 
whichh yields a score for global psychological distress. Performance of patients was compared 
withh normative test data. The sample consisted of patients with a variety of malignant 
diseasess (including CNS involvement), and at different disease stages. The malignancy had 
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beenn diagnosed a mean of 25 months previously. All patients had received one or more 
coursess of cytotoxic treatment, and some had also received cranial radiation or total body 
irradiation.. The time of testing was chosen because long-term cognitive impairment had been 
observedd in adult bone marrow transplant recipients. The aim of the study was to investigate 
thee degree to which such impairment is attributable to the procedure, or is a condition existing 
beforee the transplant. The results showed markedly substandard performance on some 
neuropsychologicall  test indices, which appeared to be related to the patient's disease and 
treatmentt history. Especially cranial radiation, CNS disease in conjunction with intrathecal 
chemotherapyy and high-dose ara-C were risk factors of subnormal performance. 
Psychologicall  distress was not significantly associated with cognitive functioning. Although 
thee authors provided some information on the pattern of the observed cognitive deficits, there 
wass no discussion about the mechanism by which the impairment may be induced. '4 

Twoo other cross-sectional studies investigated the cognitive functioning of small cell lung 
cancerr (SCLC) patients receiving cranial radiation.15'16 Van Oosterhout et al. (1996) evaluated 
CNSS effects of chemotherapy and prophylactic cranial irradiation (PCI) in three groups of 
long-termm survivors of SCLC, more than two years after diagnosis.15 Patients treated with 
chemotherapyy alone, patients treated with PCI after chemotherapy and patients treated with 
PCII  concurrent with chemotherapy were compared with matched healthy controls using 
neurologicall  and neuropsychological assessment, and CT scanning or MR imaging of the 
brain.. Results showed marked neuropsychological impairment in all treatment groups 
comparedd to healthy controls. Cortical atrophy and white matter abnormalities, primarily 
periventricular,, were also found in all three groups. The extent of the white matter lesions was 
relatedd to PCI concurrent with chemotherapy, to a high fraction dose and to the number of 
chemotherapyy courses. The authors conclude that cognitive impairment in SCLC patients is 
moree patient-related than treatment-related, presuming that emotional distress compromised 
thee neuropsychological performance of the patients, although psychological distress was not 
formallyy assessed. Surprisingly, the role of cytotoxic treatment, which all participating 
patientss received, was not discussed as a potential factor in inducing the cognitive impairment 
found.. Similarly, Cull et al. (1994) observed that 54% of a group of SCLC patients treated 
withh various cytostatic regimens and brain radiation had deviant test scores.16 Although the 
aimm of their study was to investigate the role of prophylactic cranial radiation on quality of 
lif ee in patients surviving in remission for two years, a subgroup of the study sample had 
receivedd chemotherapy only. The patients not receiving PCI did not differ significantly from 
thosee treated with PCI on a brief battery of standard neuropsychometric tests, but the number 
off  patients in this subpopulation was very small (n = 12).'6 

Inn another study Cull et al. (1996) explicitly investigated whether complaints of cancer 
patientss with regard to their cognitive functioning reflect objective abnormalities, or reflect 
emotionall  distress or fatigue. For this purpose, disease-free lymphoma patients with no 
historyy of CNS involvement were tested neuropsychologically, at a minimum of 6 months 
afterr completion of treatment. Two third of the sample had previously been treated with 
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chemotherapy.. From the total group, 63% was identified as memory impaired, and the 
performancee of the group on a concentration test was significantly below that of healthy 
controls.. Complaints on both cognitive functioning and psychological distress proved to be 
unrelatedd to objective neuropsychological test results. However, the cognitive complaints 
weree highly correlated with anxiety, depression and fatigue. Unfortunately, the cognitive 
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impairmentt itself remained undiscussed. 

Off  particular interest are two studies designed to assess cognitive impairment in relation to 
cytotoxicc treatment.18'19 Both studies were conducted with breast cancer patients adjuvantly 
treatedd with chemotherapy. The study by Wieneke and Dienst (1995)18 preceded the 
investigationss presented in this thesis, while the study by Brezden et al. (2000) was 
conductedd after completion of our work. Wieneke and Dienst tested a group of stage I and II 
breastt cancer patients treated with various regimens of adjuvant chemotherapy; 75% of the 
patientss scored below the norms for healthy subjects. At testing, the time since treatment 
rangedd from two weeks to one year. Level of impairment was unrelated to depression, type of 
chemotherapyy and time since treatment, but was positively related to length of cytotoxic 
treatment.188 The results, which are suggestive of cognitive impairment following conventional 
adjuvantt chemotherapy, were replicated in the study by Brezden et al.19 Breast cancer patients 
receivingg adjuvant chemotherapy were compared with healthy controls and with breast cancer 
patientss who had completed chemotherapy a median of two years earlier. Comparison of 
meann test scores revealed differences between patients receiving chemotherapy and healthy 
controls,, with poorer functioning in patients receiving cytotoxic agents. Also, significantly 
moree patients receiving chemotherapy as well as patients who completed this treatment, were 
classifiedd as having moderate to severe cognitive impairment compared with controls. The 
threee groups did not differ on a questionnaire on affective status and mood disorders, 
suggestingg that observed differences in cognitive functioning were unlikely to be due to mood 
disturbances.. ' 

Resultss of longitudinal studies 

Threee prospective studies evaluated the neuropsychological status of patients undergoing 
bonee marrow transplantation (BMT).2022 Parth et al. (1989)20 tested BMT patients and 
controlss (either donors or partners of the patients) with a locally developed computerized test 
batteryy before transplantation and at 2, 4 and 12 months posttransplantation. Significant 
differencess were found between patients and controls before transplantation and at 2 months 
afterr transplantation. During follow-up almost two thirds of the patients and controls dropped 
out.. Information on clinical characteristics of the study sample, including details of previous 
treatment,, is missing in this study, which makes the findings difficult to interpret.20 However, 
thee results of Parth et al. were confirmed in a study by Meyers et al. (1994)21, who assessed 
thee neuropsychological impact of BMT using the Dementia Rating Scale in patients 
undergoingg allogeneic, autologous or matched unrelated-donor BMT. Results showed that 
20%% of the patients had a total score in the impaired range before transplantation. Over time, 
thee memory subscale demonstrated the greatest change; shortly after transplantation, the 
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numberr of patients who scored in the impaired range had more than doubled. The incidence of 
memoryy difficulties remained more frequent at follow-up than at baseline evaluation. 
Interestingly,, the finding by Meyers et al. that 20% of patients scored in the impaired range 
beforee BMT was not further discussed. Also, no information on previous treatment with 
cytotoxicc agents was given." A study by Ahles et al." in breast cancer patients and patients 
withh hematologic disorders undergoing BMT did address the impact of previous treatment on 
cognitivee functioning before BMT. Comparisons were made between patients with 
pretransplantt exposure to cranial radiation or intrathecal chemotherapy, and patients with no 
suchh history. No differences in cognitive functioning were noted between these groups. 
Whetherr patients with no prior cranial radiation or intrathecal chemotherapy did receive 
conventionall  chemotherapy in the past, was not stated. " 

AA small study with the specific goal of evaluating the potential relationship between 
chemotherapyy and cognitive problems investigated a mixed group of patients with no CNS 
involvementt before chemotherapy and 24 hours and 1 month after chemotherapy with three 
neuropsychologicall  tests."~ No differences were observed between the different tests 
assessments,, although the possibility of practice effects on serial testing could not be ruled 
out.. Meyers et al. (1995) 24 also set up a study with the objective to assess prospectively the 
cognitivee functioning of patients with SCLC who were newly diagnosed before treatment, or 
whoo had been treated with chemotherapy, to investigate the existence of pre-prophylactic 
cognitivee dysfunction. In their study, patients were evaluated before receiving chemoradiation 
therapyy and after attaining a complete response to chemotherapy, but before PCI. Other than 
thee title implies, two separate groups were evaluated; an untreated group tested at diagnosis 
andd a treated group tested after chemotherapy but before PCI. A comparison of SCLC patients 
beforee and after chemotherapy revealed no difference in neuropsychological test performance, 
withh a similar percentage of patients performing in the impaired range compared to normative 
data.. It was concluded that the origin of the deficits found is unknown, with the effect of 
chemotherapyy unlikely to be an etiologic factor, since the SCLC patients exhibited deficits 
beforee treatment.24 

Devlenn et al. ~ followed newly diagnosed patients with Hodgkin's disease or non-Hodgkin's 
lymphomaa to determine the nature, extent and timing of the psychiatric and social morbidity 
associatedd with the diagnosis and treatment. In addition, each patient's memory was assessed 
att baseline and at 2 months and 12 months after diagnosis. Although the treatment received by 
thee patients was only marginally described, almost all patients underwent chemotherapy. 
Meann scores of the patients on four memory tests were compared to norms, and no differences 
weree found. The scores of the patients showed littl e change over time. A significant number 
off  patients did complain about memory problems, and their scores were lower than those of 
patientss reporting no problems. ~ 
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Revieww of the literature 

Problemss in interpretin g current findings 

Mostt of the studies in this overview have methodological limitations, making interpretation of 
thee outcome data difficult and, consequently, not adequately answering the question whether 
chemotherapyy causes cognitive impairment. In the following sections several drawbacks are 
presentedd and briefly discussed. 

Studyy population 

Thee first difficulty encountered in most studies concerns the selection of patients and the 
treatmentt modalities under investigation necessitated by this selection. While it is obviously 
desirablee for a study sample to be representative of the population of interest, this is not 
alwayss easy to ensure. Although some of the studies succeeded in evaluating cytotoxic agents 
andd their potential effect on cognition in a homogenous sample, there are significant 
differencess both within and between studies with regard to these important patient and 
treatmentt variables. The group under investigation often comprises patients with a variety of 
malignantt diseases, l2131420-2123 varying from newly diagnosed patients to patients with 
widespreadd metastatic disease, including CNS involvement. Patients are treated with different 
chemotherapeuticc regimens, sometimes in combination with cranial radiation therapy. Some 
studiess tested patients who have previously been exposed to other potentially neurotoxic 
agents,, and some studies did not adequately control for co-medication that could also 
influencee cognitive functioning. It is self-evident that these confounding factors may have 
influencedd several of the findings reported. 

Samplee size 

Normally,, one way to deal with variability is to increase the sample size. Unfortunately, 
almostt all studies presented in this overview are limited by the small sample size. I21618-2024 

Thee total number of patients tested in the different studies ranges from 10 to 60, with only 
threee exceptions. ,719-25 it is likely that some study populations are too small to detect 
clinicallyy worthwhile differences between the groups investigated. 20-22-23 Furthermore, in 
severall  prospective reports there is a considerable loss of patients over time, which may 
introducee a selection bias in favor of those patients with good outcomes, potentially resulting 
inn an underrepresentation of cognitive deficits in the population.2tul 

Assessmentt  time 

Thee time at which cognitive functioning of the patients was tested posttreatment varies 
considerablyy between the studies, ranging from within 48 hours after treatment, l2'23 to 33 
yearss post therapy.17 Obviously, cognitive impairment present 3 years after chemotherapy is 
off  a different order than cognitive dysfunction which might be related to systemic infections 
orr to organ failure due to acute toxicity of treatment. 
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Selectionn of neuropsychological measures 

Anotherr complication in the interpretation of the current literature, is the diversity of 
measuress used. The time needed to administer a neuropsychological battery of tests in a 
clinicall  setting may have been an important limiting factor in a number of studies. 
Neuropsychologicall  methods are often time consuming and difficult to perform, whereas to 
bee useful in clinical trials, neurocognitive tests should be short, repeatable and sensitive to 
change.. That completeness is often sacrificed for brevity is understandable but not always 
wise,, especially when no explanation is given for the final selection of tests, or for the 
omissionn or inclusion of specific domains. '-16 ,7212325 Some investigators appear to have 
focusedd on those areas of neurocognitive functioning that they subjectively decided were of 
mostt clinical relevance. Instead of performing a broad neuropsychological evaluation, some 
studiess have focused, for example, on a psychometric examination restricted to concentration 
measuress and brief memory assessment only; this is too limited and misses other important 
areass of cognitive functioning on which patients treated with chemotherapy have shown 
deviantt performance. ,7-23-25 A more comprehensive battery of tests does not, however, 
necessarilyy imply that the appropriate choice has been made. For example, a mixed group of 
BMTBMT patients with an average age of 37 (range 19-63) years was tested with a battery 
providingg information on several important domains. The chosen battery was, however, 
designedd to screen for dementia and, besides cognitive competence from near-normal levels 
off  ability, also assessed extremely impaired states unlikely to occur in this patient 
population.'1 1 

Referencee groups 

Whateverr the selection of patients or treatments under study or outcome measures, it is 
essentiall  to have a comparison group. A control group strengthens any inferences that may be 
madee from the results of a study. In most of the reviewed studies, the results obtained from 
patientss are compared with normative data. i3141618-21-23 25 po r m j s comparison, information 
onn the healthy reference groups has to be derived from data published in either the test 
manuals,, the original article describing the test, or texts describing the tests. This means that 
inn most studies the standard against which the results from patients was measured, was based 
onn different control groups for each of the neuropsychological tests used. Resigned to the fact 
thatt this is not optimal (also because published normative data are often sub-optimal with 
regardd to sufficient numbers in all age categories) a different kind of comparison seems 
preferable. . 

Thee question whether chemotherapy is related to cognitive (dys)function is still to some 
extentt undetermined, and the influence of other disease-related factors (independent of the 
cytotoxicc treatment itself) can not be excluded. This implies that studies investigating the 
potentiall  effects of chemotherapy on cognitive function should not solely rely on age and 
gender-adjustedd normative data from healthy reference groups. Ideally, controls should be as 
similarr as possible to cases, except for the outcome of interest, which is chemotherapy. The 
inclusionn of a control group of patients also confronted with the diagnosis of cancer who 
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receivedd surgery or local radiation therapy or both, but who did not receive chemotherapy, 
wil ll  enable to separate these effects from effects attributed specifically to the chemotherapy. 
Onlyy three studies tested patients with and without chemotherapy, 1617'24 and in one of these 

II 7 

studiess no comparison was made. 

Anotherr option is to choose a design in which between-subject variation is removed by 
studyingg within-subject changes from baseline level. A number of studies combined pre-
treatmentt evaluation and follow-up measurement, making each patient his or her own control, 
allowingg to document more precisely a relationship between chemotherapy and cognitive 
functioning.. 20"25 However, the need for a control group still remains because practice effects 
cann obscure a decline in cognitive functioning after chemotherapy. Information on normal 
fluctuationn over time is rarely available for each neuropsychological instrument. Again, retest 
dataa from a reference group of patients not treated with chemotherapy would be most 
representative,, and the absence of this kind of control group is another limitation in the 
interpretationn of the currently available study data. Only one of the prospective studies 
includedd an external control group and only three (healthy) individuals in that study 
completedd the follow-up assessments.20 

Determinationn of cognitive impairment 

AA patient's performance on a variety of tests can be evaluated in many ways. Most studies on 
cognitivee function following chemotherapy compared neuropsychological functioning with 
publishedd normative data in terms of mean group performance from one measurement to the 
other.. 1215-20-22-25 Independent of the fact that comparison of scores from separate tests 
becomess dubious when the reference source of each test is different (tested on different 
populations,, at different times, in different places, for different ability levels, with different 
scoringg and classification systems and for different purposes), analyzing group means may 
nott be the method of choice (even with a specifically tested norm group), because group 
meanss may conceal important individual variation in performance. 

Anotherr option is to evaluate cognitive function in terms of the percentage of patients 
exhibitingg impairment. In this scenario, a choice has to be made about the definition of 
impairment.. Of the 14 discussed studies, only 6 evaluated cognitive functioning individually, 
andd all used different definitions of impairment. ' 'I4'' '' ' '' 4 Most studies compared patient 
dataa with normative data per test, with impairment defined as either a score of 1.5 or 2 
standardd deviations (SD) below the mean of the reference group. I314-2114

 m some instances 
combinationss were made. For example, a patient who scored 1 SD below the mean of the 
normm on at least two tests was considered mildly impaired, whereas a patient fulfillin g the 
criteriaa for mildly impaired who in addition scored 2 SD below the norm on one test, was 
consideredd moderately impaired.18 Different methods are sometimes used within the same 
study;; e.g. on one test, group comparisons are made with published norms for that test, 
whereass on another test, impairment is expressed as a percentage of patients scoring 2 SD 
beloww the mean of another reference group. 
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Inn the case of a prospective design, where patients form their own controls, the problem is to 
determinee what amount of change is considered to reflect a deterioration or an improvement 
onn a particular test. In the studies described here, however, only comparisons for group means 
weree made longitudinally. As stated earlier, such data may not be particularly useful because 
thee mean test scores of a specific group can mask individual scores that decline or improve. 
Moreover,, studying change in mean group performance does not address the essential basis of 
longitudinall  data analyses, where individual changes are the main focus of attention. 

Thee large variability between the criteria used for cognitive impairment, even within studies, 
leadss to further difficulties in the assessment of the extent of cognitive impairment after 
chemotherapy. . 

Self-reportedd measures and neuropsychological performance: interrelated nature 

Itt is well known that psychosocial distress and fatigue can have an independent negative 
influencee on the cognitive status of patients. Of the 14 neuropsychological studies, nine 

 have assessed anxiety and depression and five studies additionally examined 
complaintss on fatigue.14161719'22 Of the studies that investigated the relation between 
depression,, anxiety, fatigue and neuropsychological data, only one found that patients with 
complaintss of depressive symptoms, also obtained lower scores on the neuropsychological 
tests.. 25 In all other studies, cognitive functioning appeared to be unaffected by these factors. 
Althoughh the majority of the studies have, at least in part, examined the potential interrelated 
naturee between mood disturbance and fatigue and cognitive impairment, a proper 
interpretationn of the potential influence of cytotoxic treatment on cognitive functioning 
requiress a full assessment and description of these different factors and their mutual 
dependenciess at all times. 

Anotherr complicated relation is that between self-reported cognitive problems and observable 
testt performance. Quality-of-life research often includes items on cognitive functioning in 
self-reportedd measures, but these data have seldom been validated against objective test 
results. . 

Off  the described studies examining the role of chemotherapy in cognitive impairment by 
neuropsychologicall  tests, four additionally included patients' self-reported cognitive problems 
byy means of a quality-of-life questionnaire, or as part of a neurological assessment. I5~17,25

 m 

threee of these studies 1617-25 the relation between these self-reported complaints and test 
performancee was formally investigated, and only one study 25 observed a relation between 
subjectivee complaints of patients and their test performance. The other studies found that the 
cognitivee complaints of patients were related to scores on anxiety and depression scales, as 
welll  as to self-reported scales of fatigue. 
Thee low correlation between self-reported cognitive complaints and test performance is 
probablyy due to many factors. However, it seems that, in order to obtain self-reported data on 
cognitivee functioning that can be related to observable performance, more detailed questions 
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aree needed. In none of the studies were patients thoroughly interviewed with regard to 
potentiall  cognitive problems. 

Nonetheless,, although currently used subjective measures may not be the best method to 
obtainn insight in the actual cognitive functioning that can be identified by neuropsychological 
examination,, attempts should be made to improve the validity of the self-reported data. 

Patternn and mechanism described 

Whenn cognitive impairment in cancer patients treated with chemotherapy is observed, and the 
influencee of potential confounding factors is excluded, the question remains how does 
chemotherapyy affect the brain. One way of gaining insight in the etiology of chemotherapy-
inducedd impairment is to study the pattern of cognitive deficits found. 

Thee studies on cognitive impairment in patients treated with chemotherapy only marginally 
discussedd the pattern of deficits found. From the limited number of studies that described the 
naturee of neuropsychological impairment, it can be derived that no specific domain of 
cognitivee function appears to be more frequently characterized by impaired performance than 
others.. However, the actual mechanisms by which the chemotherapeutic agents may cause 
cognitivee disorders were scarcely discussed in the current reports. 

Summaryy and conclusion 

Cognitivee dysfunction is an important outcome for cancer patients treated with chemotherapy. 
However,, only a few studies have investigated the cognitive status of cancer patients 
followingg chemotherapy using neuropsychological tests. 

Inn general, the cross-sectional studies are suggestive of cognitive impairment following 
treatmentt with chemotherapeutic agents, whereas prospective reports are more inconclusive 
aboutt the contribution of chemotherapy in cognitive impairment, with sometimes 
diametricallyy opposed conclusions being drawn from different studies. 

Furthermore,, most studies have several limitations including: (1) small sample size, (2) 
heterogeneouss sample of diagnoses and treatments, (3) no rationale for the choice of 
instrumentss and lack of appropriate instruments, (4) no explanation for determination of 
impairmentt or lack of appropriate determination of impairment, (5) lack of appropriate 
referencee groups, (6) no description of pattern of deficits, and (7) no explanation about the 
mechanismss by which chemotherapeutic agents may cause cognitive disorders. 
Thus,, the question as to whether and to what extent there is a decline in cognitive 
performancee as a result of chemotherapy is still insufficiently answered. The true nature, 
etiologyy and duration of the deficits remain controversial and inadequately studied. 
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Thiss thesis 

Thiss thesis presents a cross-sectional study on the potential adverse effects of cytotoxic 

treatmentt in a homogenous group of breast cancer patients treated with adjuvant 

chemotherapy. . 

Manyy of the difficulties in assessing the effect of chemotherapy on cognitive function can be 

avoidedd because confounding causes such as subclinical CNS metastases, paraneoplastic 

syndromes,, or metabolic abnormalities are likely to be rare in this population. The cognitive 

statuss of patients is examined with a comprehensive battery of neuropsychological tests, and 

thee influence of anxiety, depression and fatigue on neurocognitive function is also addressed. 

Patientss are tested two and four years after completion of chemotherapy, and these results are 

comparedd with the results from a control group consisting of breast cancer patients that 

receivedd surgery and radiotherapy but received no systemic therapy. 
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