
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Cognitive functioning following chemotherapy : a study in breast cancer patients

Schagen, S.B.

Publication date
2002

Link to publication

Citation for published version (APA):
Schagen, S. B. (2002). Cognitive functioning following chemotherapy : a study in breast
cancer patients. [Thesis, externally prepared, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, P.O. Box 19185, 1000 GD Amsterdam, The Netherlands.
You will be contacted as soon as possible.

Download date:14 Oct 2026

https://handle.uba.uva.nl/personal/pure/en/publications/cognitive-functioning-following-chemotherapy--a-study-in-breast-cancer-patients(98a8d0bd-77a4-4fae-b0a2-8ea685d5fd99).html


Chapterr  4 

Impairmentt of Cognitive Function in Women 
Receivingg Adjuvant Treatment for High-risk 

Breastt Cancer: High-dose versus Standard-
dosee Chemotherapy 

vann Dam FSAM, Schagen SB, Muller MJ, Boogerd W, vd Wall E, Droogleever Fortuyn ME, 
Rodenhuiss S. Journal of the National Cancer Institute 1998; 90:210-18 



Chapterr 4 

Abstract t 

Background:: Although high-dose chemotherapy is rapidly gaining acceptance as a treatment 
optionn for a number of cancers, the long-term toxic effects of such therapy are a concern. 
Cognitivee deficits (e.g., problems with memory and concentration) are not uncommon after 
chemotherapy,, but they have not been documented systematically. In this study, we assessed 
thee prevalence of cognitive deficits in a group of patients with high-risk breast cancer who 
weree randomly assigned to receive either high-dose or standard-dose adjuvant chemotherapy 
pluss tamoxifen, and we investigated whether high-dose chemotherapy impaired cognitive 
functioningg more than standard-dose chemotherapy. 

Methods:: Cognitive functioning was evaluated by use of a battery of neuropsychologic tests. 
Inn addition, patients were interviewed with regard to cognitive problems, health-related 
qualityy of life, anxiety, and depression. Results from patients who received adjuvant systemic 
therapyy were compared with results from patients who had early-stage breast cancer not 
treatedd with such therapy (control patients). 

Results:: The study population consisted of 34 patients treated with high-dose chemotherapy 
pluss tamoxifen, 36 patients treated with standard-dose chemotherapy plus tamoxifen, and 34 
controll  patients. For all patients, the average time since the completion of last nonhormonal 
therapyy was 2 years. Cognitive impairment was found in 32% of the patients treated with 
high-dosee chemotherapy, in 17% of the patients treated with standard-dose chemotherapy, 
andd in 9% of the control patients. In comparison with the control patients, patients treated 
withh high-dose chemotherapy appeared to have an 8.2-times higher risk of cognitive 
impairmentt (odds ratio; 95% confidence interval [CI] = 1.8 - 37.7); in comparison with the 
patientss who received standard-dose chemotherapy, this risk of impairment was 3.5-times 
higherr (95% CI = 1.0- 12.8). 

Conclusion:: High-dose chemotherapy appears to impair cognitive functioning more than 
standard-dosee chemotherapy. Central nervous system toxicity may be a dose-limiting factor in 
high-dosee chemotherapy regimens. 

Introductio n n 

Despitee its widespread application in clinical practice in the United States, the efficacy of 
adjuvantt high-dose chemotherapy with autologous bone marrow transplantation (HDC-
ABMT)) for breast cancer has yet to be proven.1 Likewise, the impact of high-dose 
chemotherapyy on quality of life in comparison with conventional chemotherapy remains to be 
determined. . 

Thiss article reports on an aspect of quality of life after HDC-ABMT that has received littl e 
attentionn to date. In an ongoing randomized study in the Netherlands that is comparing high-
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dosee versus standard-dose chemotherapy as adjuvant treatment for breast cancer in patients 
withh four or more positive axillary lymph nodes 2, it was noted that a number of patients 
complainedd of memory and concentration problems, even years after the completion of 
treatment. . 

Althoughh cognitive complaints after chemotherapy are not uncommon, they have not been 
systematicallyy investigated. Since 1980, only 13 studies 3"15 on this subject have been 
reported,, and the results lack consistency. Moreover, most of the studies have limited power 
becausee of their small sample size and the lack of uniform patient populations and treatment 
regimens.. Another shortcoming in most of the studies is that a control group of cancer 
patientss not treated with chemotherapy, which is necessary to determine whether cognitive 
deficitss are caused by the psychologic burden of having cancer or by its treatment, is missing. 
Finally,, none of the reported studies was carried out within the framework of a randomized 
trial,, which makes it difficult to draw conclusions concerning the cause of the cognitive 
impairment. . 

Therefore,, in our study, we investigated the neuropsychologic status of patients with high-risk 
breastt cancer who were randomly assigned to receive either high-dose or standard-dose 
chemotherapy.. In this way, a comparison of the impact of the different treatments on 
cognitivee functioning could be made. Furthermore, patients in this randomized trial were 
beingg treated with chemotherapy as part of an adjuvant strategy; they had not undergone 
previouss postsurgical treatment. Consequently, possible cumulative effects of chemotherapy 
couldd be excluded. 

Too control for the impact on neuropsychologic status of being confronted with treatment for 
cancer,, the results of the patients with high-risk breast cancer who where treated with 
chemotherapyy were compared with findings from patients with stage I breast cancer who had 
nott undergone such therapy. 

Thee aim of our study was to assess systematically the prevalence of cognitive deficits in a 
groupp of women receiving adjuvant treatment for high-risk breast cancer and to investigate 
whetherr high-dose chemotherapy impairs cognitive functioning more than standard-dose 
chemotherapyy in this patient population. 

Methods s 

Patientss and therapy 

Threee groups of patients were used in this study as follows: a group of patients with high-risk 
breastt cancer treated with high-dose chemotherapy, a group of patients with high-risk breast 
cancerr treated with standard-dose chemotherapy, and a control group consisting of patients 
withh stage I breast cancer not treated with chemotherapy. All patients were recruited from the 
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Netherlandss Cancer Institute/Antoni van Leeuwenhoek Hospital. All subjects gave written 
informedd consent, and the study was approved by the ethical committee of the hospital. 

Thee patients with high-risk breast cancer participated either in a multicenter prospective 
randomizedd trial " or in a preparatory single institution trial conducted by the Netherlands 
Cancerr Institute.16 In these trials, the curative potential of intensive adjuvant chemotherapy 
wass studied in women younger than 55 years of age who were treated for high-risk breast 
cancerr [stages II and III , involving > 4 tumor-positive axillary lymph nodes with no evidence 
off  distant metastases 17] . After surgery, the patients are randomly assigned to receive either 
standard-dosee or high-dose chemotherapy. The experimental treatment arms (the CTC [see 
below]below] arms) consisted of four cycles of FEC chemotherapy (fluorouracil, 500 mg/m2 

intravenously;; epidoxorubicin, 90-120 mg/m2 intravenously; and cyclophosphamide 500 
mg/m""  intravenously) and a fifth course of high-dose combination chemotherapy 

22 2 

(cyclophosphamide,, 6 g/m intravenously; thiotepa, 480 mg/m intravenously; and 
carboplatin,, 1.6 g/m2 intravenously [CTC]) with autologous hematopoietic progenitor cell 
support.. After the chemotherapy, the patients received locoregional radiotherapy. Patients in 
thee conventional treatment arms (the FEC arms) received four or five cycles of FEC 
chemotherapy,, followed by locoregional radiotherapy. In both the high-dose and the standard-
dosee chemotherapy arms, the patients were treated with tamoxifen (40 mg periorally once per 
day)) for a period of 2 years. 

Exclusionn criteria for participation in the neuropsychologic study were as follows: 1) the 
presencee of metastatic disease or relapse, 2) a history of neurologic/psychiatric signs or 
symptomss that might lead to deviant neuropsychologic test results, 3) the use of medication 
thatt might lead to deviant neuropsychologic test results and, 4) alcohol and/or drug addiction. 
Basicc profiency in the Dutch language was an inclusion criterion. Only patients who were off 
nonhormonall  treatment for at least 6 months were enrolled in the cognitive functioning study. 

Thee control group consisted of patients with stage I breast cancer treated either with a 
mastectomyy followed by radiotherapy or with breast-conserving surgery followed by 
radiotherapy.. The patients in the control group did not received any systemic therapy. These 
patientss were matched to the patients with high-risk breast cancer patients on the basis of age 
andd time since therapy. Inclusion and exclusion criteria were the same as for the patients with 
high-riskk breast cancer. The patients in this study were treated from September 1991 through 
Januaryy 1996. 

Measures s 

Thee neuropsychologic status of all patients was assessed with a standard battery of 
neuropsychologicc tests. The patients were also interviewed concerning cognitive problems, 
health-relatedd quality of life, and anxiety and depression as experienced in daily life. 
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NeuropsychologicNeuropsychologic tests 
AA battery of 13 neuropsychologic tests (comprising 19 test indices), covering a broad range of 
functions,, was used in this study. The tests were selected for reliability, for validity and 
availabilityy of (Dutch) norms, and for their sensitivity in measuring cognitive functions. The 
cognitivee functions described below are routinely evaluated in a neuropsychologic 

18 8 

examination. . 

ReyRey Auditory Verbal Learning Test. '9'20 This test measures immediate memory span, 
providess a learning curve, measures both short-term and longer-term retention following 
interpolatedd activity, and allows for a comparison between retrieval efficiency and 
learning.. The Dutch version includes five learning trials of a 15-word list, an interval of 20 
minutess (filled with nonverbal tests), a delayed recall, and a recognition trial consisting of 
thee target words interspersed with 15 distractor words. 

ComplexComplex Figure Test: copy and recall 2122 Copy evaluates visuoconstructional ability and 

recalll  evaluates visual memory. The subject is asked to copy a complex figure and, after a 

feww minutes, the subject is asked to reproduce the figure without previous warning. 

DigitDigit  Span of the Wechsler Adult Intelligence Scale (WAIS). 2i This subtest of the WAIS 

involvess forward and backward repetitions of series of digits and provides measures of 

concentrationn and speed. 

DigitDigit  Symbol of the WAIS. 2i This test examines psychomotor performance relatively 
unaffectedd by intellectual prowess, memory, or learning. The task consists of pairing 
numberss with nonsense symbols as quickly as possible. 

TrailmakingTrailmaking A and B.24 This test examines visual conceptual and visuomotor tracking. It is 
givenn in two parts, A and B. The subject must first draw lines to connect consecutively 
numberedd circles on one work sheet (part A) and then connect the same number of 
consecutivelyy numbered and lettered circles on another worksheet by alternating between 
thee two sequences (part B). The subject is urged to connect the circles as fast as possible. 
D2D2 Test. 2S The D2 test assesses many functions, e.g., the capacity for sustained attention. 
Visuall  scanning and activation and inhibition of rapid responses are also necessary for the 
successfull  performance of this cancellation task. The test consists of rows of letters 
randomlyy interspersed with a designated target letter. The subject is instructed to cross out 
alll  targets letters. 

StroopStroop Test2627 This test assesses the ability to substitute an alternative response for a 
moree obvious reaction (e.g., naming the ink color of a word denoting a different color) and 
iss sensitive to disorders of executive (frontal) function. The test exists of three stimulus 
cardss containing 100 words, 100 colored rectangles, and 100 color-words, respectively. 
WordWord Fluency subtest from the Dutch Aphasia Society Test. 28 This simple test requires the 
generationn of words from a specific semantic category (e.g., animals) within a limited time. 
Impairmentt can be related to a language disorder, frontal dysfunction, or deterioration of 
semanticc memory. 

49 9 



Chapterr 4 

FepsyFepsy Finger Tapping Task. " This test provides a measure of motor speed. The speed of 
fingerr tapping is measured five times for a period of 10 seconds each for the index finger 
off  the right and left hand separately. 

FepsyFepsy Visual Reaction Test. 9 This test measures basic perceptuomotor performance. 

Stimulii  (e.g., a white square on a screen) are presented at random intervals by a computer. 

FepsyFepsy Binary Choice Test. 29 In this test, the subject has to react differently to a red square 

presentedd on the left side of a computer screen than to a green square presented to the right 

side.. The reaction time reflects motor speed and the decision making process. 

FepsyFepsy Visual Searching Test. "9 This test gives an indication of the accuracy of information 
processingg and mental speed. The task consists of finding a single grid pattern among 24 
thatt matches the one in the center of a computer screen. Overall, 24 different grid patterns 
havee to be found. 

DutchDutch Adult Reading Test.30 This Dutch version of the National Adult Reading Test 
providess a surrogate measure of premorbid intelligence based on verbal ability. It measures 
thee ability to read correctly a list of phonetically irregular words. The results of the test can 
bee affected by severe cerebral pathology but are generally not affected by mild cognitive 
deterioration.31 1 

CognitiveCognitive Problems in Daily Life checklist 
Alll  patients were interviewed with regard to cognitive problems (memory, attention, thinking, 
andd language) encountered in daily life and were asked to indicate on a 5-point Likert scale (0 
== not at all, 1 = slightly, 2 = moderately, 3 = quite a bit, or 4 = extremely) the extent to which 
problemss in each of these domains occurred in their daily life. The questions of this semi-
structuredd interview originated from a Dutch instrument designed to assess psychopathologie 
symptoms.' ' 

Health-relatedHealth-related quality of life, depression, and anxiety 
Health-relatedd quality of life was assessed with the European Organization for Research and 
Treatmentt of Cancer (EORTC) QLQ-C30, a questionnaire developed for use in clinical trials 
involvingg cancer patients. Its validity, reliability, and sensitivity in cancer patients are well 
established.. ~ The EORTC QLQ-30 is a 30-item questionnaire that consists of five functional 
scaless (physical, role, cognitive, emotional, and social functioning), three symptom scales 
(fatigue,, pain, nausea, and vomiting), and a general health and quality-of-life scale. Some 
singlee items measure complaints often mentioned by patients with cancer (loss of appetite, 
dyspnea,, sleep disturbance, constipation, and diarrhea). Of special interest for this study were 
thee fatigue and cognitive functioning scales. It is well known that fatigue may influence a 
patients'' test performance. 4 The cognitive functioning scale consists of two questions in 
whichh the patient is asked to indicate the occurrence and the extent of concentration and 
memoryy difficulties. To examine whether psychologic distress played a role in a patients' 
cognitivee problems 34, the Hopkins Symptom Checklist-25 (HSCL-25) was administered.35 
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Thee HSCL-25 contains 15 depression and 10 anxiety-related items and was specially 
developedd for ease and appropriateness in medical settings. 

Procedure e 

Alll  patients were asked by their physician to take part in this study. The tests and 
questionnairess were administered in the same order to each subject and took approximately 2 
hourss to complete. 

Statisticall  Methods 

Thee Statistical Package for Social Sciences (SPSS) WINDOWS 6.0 was used for all statistical 
analyses.366 Each neuropsychologic test score was converted into a standard score (z-score) by 
usee of the mean test score of the control group as a reference. Furthermore, a mean overall 
compositee z-score was computed. Neuropsychologic impairment was determined as follows: 
aa patient who scored two standard deviations below the mean of the control group on a test 
wass considered as impaired on that test. 34 An overall impairment score was calculated for 
eachh individual patient by counting all tests on which the patient was impaired. The fifth 
percentilee of the control patients was used as a cutoff score for neuropsychologic 
impairment.. 7 

Thee data from the questionnaires (EORTC QLQ-C30 and HSCL-25) were converted to scores 
byy use of standard scoring rules. Descriptive statistics were performed for all of the variables. 
Between-groupp differences in sociodemographic characteristics were analyzed by use of the 
Chi-squaredd test for contingency tables and the Student's t test. The between-group 
differencess in raw neuropsychologic test scores, the average overall score, and the scores on 
thee questionnaires were tested by use of analysis of variance. For between-group post hoc 
comparisonss Tukey's Honestly Significance Difference test was used. 

Relationshipss between neuropsychologic test performances and psychologic distress, time 
sincee therapy, cancer-specific functioning, and symptoms and subjective measures of 
cognitivee functioning were analyzed by use of Spearman rank-order correlations. 

Logisticc regression analysis was used to determine the risk of being classified as cognitively 
impaired.. Whether a patient was categorized as being impaired or not was used as the 
dependentt variable. The independent variable consisted of the kind of therapy (high-dose 
chemotherapy,, standard-dose chemotherapy, or no chemotherapy). Odds ratios were 
calculatedd with adjustment for age and education. "Time since treatment," "anxiety and 
depression,""  and "fatigue" were included as possible confounding factors to assess their effect 
onn the risk of cognitive impairment. All reported P values are two-sided. 
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Results s 

Sociodemographicc and Clinical Characteristics 

Att the time of the study, 83 patients with high-risk breast cancer who were treated at The 
Netherlandss Cancer Institute/Antoni van Leeuwenhoek Hospital and who were enrolled in 
trialss comparing adjuvant high-dose chemotherapy with standard-dose therapy were off 
nonhormonall  treatment for at least 6 months. Eleven patients declined to participate in the 
studyy because of the inconvenience of an additional hospital visit, and two patients did not 
wantt to be confronted with issues related to their disease. Fifty patients with stage I breast 
cancerr were also asked to take part in the neuropsychologic study. Eleven of these patients 
declinedd to participate because they were not willing to pay an additional visit to the hospital, 
andd five patients refused for emotional reasons. The total sample size, therefore, consisted of 
344 patients with high-risk breast cancer who were treated with high-dose chemotherapy (the 
CTCC group), 36 patients with high-risk breast cancer who were treated with standard-dose 
chemotherapyy (the FEC group), and 34 patients with stage I breast cancer who were not 
treatedd with chemotherapy (the control group). 

Tablee 1. Sociodemographic and clinical characteristics of the study subjects 

Meann age, y (SD)a 

Levell  of education, % 
Low w 
Middle e 
High h 

Meann time since last therapy, y (SD) 

Premorbidd IQC (Dutch reading test)d 

Treatment t 
CTC C 

(nn - 34) 

45.5(6.1) ) 

32% % 
32% % 
36% % 

1.6(0.8) ) 

102.7(12.3) ) 

group p 
FEC C 

(nn = 36) 

48.11 (6.8) 

31% % 
25% % 
44% % 

1.9(1.1) ) 

105.7(10.1) ) 

Control l 
(nn = 34) 

46.11 (5.2) 

41% % 
41% % 
18% % 

2.4(1.0) ) 

103.9(8.6) ) 

CTCC - high-dose adjuvant chemotherapy; FEC = standard-dose adjuvant chemotherapy; and control - no 
adjuvantt chemotherapy. See "Methods" section for definitions of the CTC and FEC chemotherapy regimens. 
""  SD = standard deviation. 
bLoww = primary school; middle = secondary school; and high = university and graduate school; and % % is percent 
off  patients in treatment group. 
1IQQ = intelligence quotient. 
dd The Dutch Adult Reading test is a surrogate measure of pretreatment intelligence. The results of the test are 
generallyy insensitive to mild cognitive deterioration. See " Methods" section and30'31 for more details. 

Thee patients' sociodemographic and clinical characteristics are shown in Table 1. There were 
noo statistically significant differences among the three groups with regard to age and 
premorbidd intelligence, which was estimated by performance on the Dutch Adult reading test 

30n n [see[see "Methods" section and ], although the education level of the patients in the control 
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groupp was lower than the education level of the patients in the two other groups. The mean 
timee since the completion of nonhormonal therapy was, on average, 2 years. Patients in the 
controll  group had been off treatment an average of 5 months longer than the patients treated 
withh chemotherapy. The use of alcohol, psycho-active drugs, and anti-emetics was negligible 
inn all groups. None of the patients received additional therapy after the initial therapy (i.e., 
surgery,, chemotherapy, radiotherapy, and hormonal therapy for the high-risk patients and 
surgeryy plus radiotherapy for the stage I patients) was completed. At the time of testing, 13 
high-riskk patients were already off tamoxifen (five patients in the high-dose chemotherapy 
groupp and eight patients in the standard-dose chemotherapy group). There were no 
statisticallyy significant differences between the high-risk patients who were still receiving 
tamoxifenn and the high-risk patients who had completed hormonal therapy on any of the 
outcomee measures. 

Alll  34 patients treated with high-dose chemotherapy were postmenopausal because off the 
impactt of the cytostatic drugs on ovarian functioning. Only two of the 36 patients treated with 
standard-dosee chemotherapy were premenopausal, as defined by the occurrence of regular 
menstruall  cycles. In the control group, 13 patients were postmenopausal and 21 patients were 
premenopausal.. We compared the results of the premenopausal and postmenopausal patients 
withh stage I breast cancer and observed no statistically significant differences. 

Tablee 2. Cognitive problems in daily life3 

Domain n 

Concentration n 
Memory y 
Thinking g 
Language e 

aa Results are shown as the percentage of patients in each treatment group who reported having cognitive 
problemss in each of the designated domains. 
CTCC = high-dose adjuvant chemotherapy, FEC = standard-dose adjuvant chemotherapy, and control - no 
adjuvantt chemotherapy. See "Methods" section for definitions of the CTC and FEC chemotherapy regimens. 
bb Two-sided P values. 

Cognitivee Problems in Daily Lif e checklist 

Tablee 2 shows the percentage of patients who reported having cognitive problems in one of 
thee four domains (concentration, memory, thinking, and language). Only a score of 2 or more 
wass considered as a complaint about the cognitive functioning in the domain concerned. In 
threee of the four domains, patients who were treated with chemotherapy and tamoxifen 
expressedd having substantially more cognitive problems than patients who were not treated 

CTC C 
(nn = 34) 

38% % 
32% % 
21% % 
12% % 

Treatment t 
FEC C 

(nn = 36) 

31% % 
28% % 
11% % 
11% % 

group p 
Control l 
(n n == 34) 

6% % 
3% % 
0% % 
3% % 

PPh h 

.006 6 

.006 6 

.022 2 

.351 1 
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withh systemic therapy. There were no statistically significant differences between the two 
chemotherapyy groups. All patients except one (in the standard-dose chemotherapy group) 
reportedd that their problems had started during their treatment. In most cases, the patients 
reportedd that they had become aware of the problems only after they recovery from their 
nonhormonall  treatment and resumption of their daily routine. 

Health-Relatedd Quality of Life, Depression, and Anxiety 

Thee mean scores on the EORTC QLQ-C30 quality-of-life questionnaire are shown in Table 3. 
Onn three of the five individual function scales (i.e., physical function, role function, and social 
function)) and on the global quality-of-life scale, the mean scores of the patients treated with 
high-dosee chemotherapy were significantly below the mean scores of the patients treated with 
standard-dosee chemotherapy. 

Tablee 3. EORTC QLQ-C30 mean scores 

Functionn scalesb 

Physical l 
Role e 
Cognitive e 
Emotional l 
Social l 
Globall  quality of life 

Symptomm scales and/or itemsb 

Fatigue e 
Nauseaa and vomiting 
Pain n 
Dyspnea a 
Sleepp disturbance 
Appetitee loss 
Constipation n 
Diarrhea a 
Financiall  impact 

CTC(nn = 34) 
Meann (SD)a 

71.88 (19.1) 
68.11 (27.3) 
72.11 (24.5) 
77.77 (28.4) 
77.55 (28.7) 
75.00 (20.3) 

35.33 (26.2) 
3.4(14.7) ) 

12.3(19.8) ) 
13.77 (20.3) 
30.4(31.1) ) 
5.9(15.3) ) 
5.9(15.1) ) 

0 0 
16.7(31.0) ) 

Treatmen n 
FECC (n = 36) 

Meann (SD) 

81.11 (16.5) 
84.7(19.7) ) 
78.22 (29.0) 
82.99 (20.6) 
93.11 (13.4) 
86.11 (13.4) 

25.3(27.7) ) 
3.2(11.8) ) 

14.4(21.1) ) 
16.7(27.0) ) 
19.4(31.2) ) 
2.88 ( 9.3) 
7.4(21.2) ) 
5.6(18.7) ) 

13.0(29.0) ) 

group p 
Controll  (n=34) 

Meann (SD) 

88.2(13.1) ) 
88.2(22.7) ) 
89.2(16.9) ) 
81.6(19.2) ) 
92.6(19.3) ) 
83.8(17.0) ) 

18.6(20.4) ) 
0 0 

17.2(20.7) ) 
8.88 (20.6) 

23.55 (29.0) 
1.00 ( 5.7) 
6.9(16.0) ) 
2.00 ( 8.0) 
3.9(10.9) ) 

F F 

.000de e 

.0014e e 

.014d d 

.623 3 
,004de e 

.020e e 

.025d d 

.346 6 

.617 7 

.358 8 

.322 2 

.173 3 

.936 6 

.145 5 

.140 0 

EORTCC = European Organization for Research and Treatment of Cancer; EORTC QLQ-C30 is a health-
relatedd quality of life questionnaire (see "Methods" section for more details). 
CTCC = high-dose adjuvant chemotherapy; FEC = standard-dose adjuvant chemotherapy; and control = no 
adjuvantt chemotherapy. See "Methods" section for definitions of the CTC and FEC chemotherapy regimens. 
aa SD = standard deviation. 
Scoress on function scales range from 0 to 100, with a higher score meaning better functioning; scores on 

symptomm scales and/or items range from 0 to 100, with a higher score meaning more bothered by complaint. 
cc Two-sided P values. 

Meann raw score of CTC group significantly lower than mean raw score of control group (two-sided P<.05). 
11 Mean raw score of CTC group significantly lower than mean raw score of FEC group (two-sided P<.05). 
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Onn the physical, the role, the cognitive, and the social function scales, the patients treated 
withh high-dose chemotherapy scored significantly below the patients in the control group. On 
thee global quality-of-life scale, the mean score of the patients treated with high-dose 
chemotherapyy did not differ significantly from the mean score of the control patients. There 
weree no statistically significant differences between the patients treated with standard-dose 
chemotherapyy and the control patients on any of these scales. 

Inn general, the symptom scales of the EORTC QLQ-C30 did not indicate significant 
differencess among the three treatment groups. There was, however, one noticeable exception. 
Patientss treated with high-dose chemotherapy reported being more fatigued than patients in 
thee control group (P = .025). 

Thee scores on the Hopkins Symptom Checklist (HSCL-25) are shown in Table 4. The high-
dosee chemotherapy patients had significantly elevated scores on the depression subscale in 
comparisonn with the patients in the control group (P = .041), whereas the patients in all three 
groupss were comparable with regard to their scores on the anxiety subscale. 

Tablee 4. HSCL-25 anxiety and depression mean scores 

HSCL-255 total score 
Anxiety y 
Depression n 

CTCC (n = 34) 
Meann (SD)a 

19.0(18.6) ) 
19.4(15.4) ) 
18.8(22.0) ) 

Treatmen n 
FECC (n = 36) 

Meann (SD) 

13.5(10.5) ) 
14.11 (13.5) 
13.11 (11.0) 

group p 
Controll  (n=34) 

Meann (SD) 

11.3(11.6) ) 
14.3(15.9) ) 
9.3(10.1) ) 

PPb b 

.070 0 

.255 5 
.041° ° 

HSCL-255 = the Hopkins Symptom Checklist-25.33 Scores range from 0 to 100; a higher score indicates more 
complaints. . 
CTCC = high-dose adjuvant chemotherapy; FEC = standard-dose adjuvant chemotherapy; and control = no 
adjuvantt chemotherapy. See "Methods" section for definitions of the CTC and FEC chemotherapy regimens. 
33 SD = standard deviation. 
bb Two-sided P values. 
cMeann raw score of CTC group significantly lower than mean raw score of control group (P<.05). 

Neuropsychologicc Tests 
Tablee 5 shows the mean scores, the standard deviations, and the P values of the univariate F-
testss for the separate neuropsychologic tests. For the patients in the control group, there were 
noo statistically significant differences between the scores on any of the individual 
neuropsychologicc tests and the published norms for those tests. With the exception of one test, 
i.e.,, the Fepsy Visual Reaction (nondominant) Test, the scores of the two chemotherapy 
groupss on the neuropsychologic tests were not significantly different. On seven of the 19 test 
indices,, the univariate F-tests revealed significant differences between the high-dose 
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UU <J « 

l ww ' t -  ' 
OO O u 
4JJ W c 
oo o Ji 

«« a - S 

££ « 

EE E-
^^  U 

E ' SS 3 

^>> 4J ü 

,1>> J J ,1> 

cc c c 
'EE 'S 'E 
W)) 6D M 

> >> > ï >> 
OO 4> D 

^44 ^ i j i 

rara * ; u >> O -c 
nn . - rri 

U U 
^^  £ '> 
rara .2 <u 
uu .'S -a 

II t b b 
33 C = 3 

" §§ ra 
r-- ra 
55 u 
uu pi 

CC ÜT 3 X J 

.22 .2 <= E "77 w -2 
== " ^ ^ 

.SPP ë I 
lll § Il 

<->> = Q 
HH « oo 

D.. O. Cu 
EE E E 

« 5 GG ^ ^  Q- &. ex 



Impairmentt of cognitive function: high-dose CTC versus standard-dose FEC chemotherapy 

chemotherapyy group and the control group {P <.05). If the Bonferroni method of correcting 
forr multiple comparisons is applied 38, setting alpha at .002, none of these differences remain 
significant.. Since consideration of group means may obscure cognitive impairment evaluation 
att the level of the individual, we calculated an overall individual impairment score. The fifth 
percentilee of the control patients was used as a cutoff point to determine whether a patient was 
consideredd cognitively impaired. The fifth percentile of the control patients corresponded to 
failuree on 3 or more of the tests. Thus, for a patient to be classified as a cognitively impaired, 
aa score of two standard deviations below the mean of the control group on at least three tests 
wass required. Table 6 shows the percentage of patients who met the criteria for cognitive 
impairmentt according to this definition; 32% of the patients treated with high-dose 
chemotherapyy were classified as cognitively impaired, compared with 17% of the patients 
treatedd with standard-dose chemotherapy and 9% of the patients not treated with 
chemotherapy'' (P = .043). 

Tablee 6. Percentage of patients with deviant neuropsychologic test scores 

Treatmentt groups 
CTCC FEC Control 

No.. tests failed (n = 34) (n = 36) (n = 34) 
(impairmentt determination)" n (%)b n (%) n (%) 

0-22 (not impaired) 23(68%) 30(83%) 31(91%) 
>> 3 (impaired) 11(32%) 6(17%) 3 ( 9 %) 

Chi-squaredd test: P = .043c 

CTCC = high-dose adjuvant chemotherapy; FEC = standard-dose adjuvant chemotherapy; and control = no 
adjuvantt chemotherapy. See "Methods" section for definitions of the CTC and FEC chemotherapy regimens 
aa The fifth percentile of the control patients was used as a cutoff point to determine whether a patient was 
cognitivelyy impaired. The fifth percentile of the control patients corresponded to failure on three or more of 
thee tests. Thus, a score of two standard deviations below the mean of the control group on at least three tests 
wass required for a patient to be classified as cognitively impaired. See text for more details. 
hh No. - number of patients; % - percent of patients in treatment group. 
cc Two-sided P value. 

Thee medical records of all patients who were classified as being cognitive impaired were 
examinedd for the period of time from the start of the chemotherapy to the time of 
neuropsychologicc testing for medical complications that might affect cognitive functioning, 
i.e.,, infections, damage to the liver, etc. No such conditions were found. 

11 Because of the restricted range of the scores and rounding, the fifth percentile cutoff point for the control group 
includess 9% of the patients. 
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Impairmentt of cognitive function: high-dose CTC versus standard-dose FEC chemotherapy 

Neuropsychologicc Impairment and Self-reported Measures 

Wee calculated whether there was a relationship between the overall score of cognitive 
impairmentt and the score on the cognitive functioning scale of the EORTC QLQ-C30. The 
correlationn was negligible (Table 7). Furthermore, no relationship was found between the 
overalll  score of cognitive impairment and the cognitive problems reported at the interview. A 
significantt relationship was found, however, between the cognitive problems reported at the 
intervieww and the cognitive functioning scale of the EORTC QLQ-C30. Additional 
calculationss showed that there was no relationship between the time since therapy and anxiety 
andd depression on one hand and the overall score of cognitive impairment on the other. A 
significantt relationship was found between the cognitive functioning scale of the EORTC 
QLQ-C300 and the anxiety and depression subscale of the Hopkins Symptom Checklist. The 
problemss reported at the interview and the anxiety and depression subscale of the Hopkins 
Symptomm Checklist were related. 

AA relationship was also found between the cognitive functioning scale and the emotional 
functioningg scale of the EORTC QLQ-C30. All correlations are displayed in Table 7. 

Logisticc regression analysis showed that the risk of cognitive impairment was highly elevated 
forr patients in the high-dose chemotherapy group when compared with the patients in the 
controll  group (odds ratio [OR] = 8.2; 95% confidence interval [CI] = 1.8 - 37.7; P = .006). 
Whenn compared with the standard-dose chemotherapy group, the risk was lower, and the 
lowerr bound of the confidence interval just included one (OR = 3.5; 95% CI = 1.0 - 12.8; P = 
.056). . 

Tablee 8. Risk of cognitive impairment 

Treatment t 
Group p 

CTC C 
CTC C 
FEC C 

Comparison n 
Group p 

FEC C 
Control l 
Control l 

odds s 
ratio"1 1 

3.5 5 
8.2 2 
2.4 4 

95%% confidence 
interval l 

1.0 0 
1.8 8 
0.5 5 

12.8 8 
37.7 7 
11.5 5 

PPh h 

.056 6 

.006 6 

.287 7 

CTCC = high-dose adjuvant chemotherapy; FEC = standard-dose adjuvant chemotherapy; and control — no 
adjuvantt chemotherapy. See "Methods" section for definitions of the CTC and FEC chemotherapy regimens. 
aa Adjusted for age and education. 
hh Two-sided P value. 

Althoughh the standard-dose chemotherapy group also showed an elevated risk in comparison 
withh the control group, this elevated risk was not statistically significant (OR = 2.4; 95% CI = 
0.55 - 11.5; P = .287). The odds ratios were calculated with adjustment for age and education. 
Adjustmentt for time since treatment, anxiety, depression, and fatigue did not appreciably alter 
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thee risk of being classified as cognitively impaired; these factors were, therefore, not included 
inn the model (Table 8). 

Discussion n 

Thee aim of this study was to assess the prevalence of cognitive deficits in a group of women 
receivingg adjuvant treatment for high-risk breast cancer and to investigate whether high-dose 
chemotherapyy impaired cognitive functioning more than standard-dose chemotherapy in this 
patientt population. The results indicated that cognitive deficits were substantial in patients 
followingg treatment with adjuvant chemotherapy and hormonal therapy. Furthermore, the 
patientss treated with high-dose chemotherapy had an 8.2-times higher risk of cognitive 
impairmentt than the control patients who were not treated with systemic therapy and a 3.5-
timess elevated risk in comparison with the patients who were treated with standard-dose 
chemotherapy;; however, this latter finding was only of borderline statistical significance. The 
resultss were not related to anxiety, depression, fatigue, and time since treatment. Furthermore, 
noo systematic impaired performance could be detected on any of the separate tests or domains 
acrosss patients. 

AA considerable number of patients in both chemotherapy groups reported cognitive problems, 
whereas,, in the control group, only a minority of patients complained about such problems. 
However,, the patients who complained of having problems are not necessarily the same as 
thosee who were identified as being cognitively impaired. The correlations between the scores 
onn the cognitive functioning scale of the EORTC QLQ-C30, the complaints reported at the 
interview,, and the impaired caseness scores were negligible. It is a common finding that 
objectivee test results and subjective reports of patients about their cognitive functioning are 
oftenn not related. 15'34'39~42 In a recent study by Cull et al. I5 among lymphoma patients, in 
whichh the EORTC QLQ-C30 cognitive functioning scale was used, no relationship could be 
demonstratedd between self-reported difficulties of the patients and their performance on 
objectivee tests. It was found that subjective reports were more related to anxiety and 
depression.. In our study, a strong relationship between self-reported cognitive problems and 
psychologicall  distress was found as well. This finding might imply that complaints of patients 
aboutt their cognitive functioning are more indicative of emotional distress than of cognitive 
deficits. . 

Althoughh in a cross-sectional study it is difficult to determine whether cognitive impairments 
aree related to the chemotherapy or to pre-existing cognitive problems, the results of the 
patientss in our control group, who had stage I breast cancer and who had not been treated with 
systemicc therapy, showed that it is implausible that the elevated risk in the high-dose 
chemotherapyy group derived from pre-existing cognitive problems; there were no differences 
betweenn the scores of the control group and the scores of healthy reference groups. This result 
iss substantiated by the fact that almost none of the patients stated that their cognitive problems 
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Impairmentt of cognitive function: high-dose CTC versus standard-dose FEC chemotherapy 

existedd before diagnosis. It can be concluded that it is highly unlikely that the cognitive 
impairmentss we found are a consequence of being diagnosed as a cancer patient or of surgical 
and/orr radiotherapeutic procedures. 

Anotherr explanation for the observed differences in cognitive functioning might be 
menopausall  status. In the literature, there are some indications that estrogen, by itself, affects 
cognitivee functioning. 4344 In our study, all of the high-risk patients were postmenopausal, 
exceptt for two who were treated with standard-dose chemotherapy. It is possible, however, 
thatt the actual estrogen levels in the chemotherapy groups differed since high-dose 
chemotherapyy causes chemical castration and the effect of standard-dose chemotherapy on 
ovariann function may be reversible. Still, we consider it improbable that the cognitive 
impairmentss found in this study are hormone mediated rather than a consequence of the 
effectss of cystostatic drugs on the central nervous system; we compared the test results of the 
premenopausall  and postmenopausal patients with stage I breast cancer, and we observed no 
differences.. In theory, it cannot be excluded that the differences observed between the patients 
withh high-risk breast cancer and the control patients might be due, in part, to tamoxifen , 
sincee the patients treated with chemotherapy received tamoxifen, whereas the control patients 
didd not. The influence of tamoxifen on cognitive function warrants further exploration. 

High-dosee chemotherapy with autologous bone marrow transplantation or peripheral blood 
progenitorr cell support is rapidly gaining acceptance as a curative treatment option for a 
numberr of cancers. The adjuvant treatment of premenopausal women with high-risk breast 
cancerr has become, by far, the most frequent indication for this approach 46, although its 
efficacyy is exclusively based on single-institution phase II studies. Several large, 
randomizedd studies are now in progress, both in the United States and in Europe. None of 
thesee studies will , however, yield sufficiently mature data for even a preliminary analysis 
beforee 1999. Despite this, adjuvant high-dose chemotherapy has been adopted as the more or 
lesss standard treatment for premenopausal women with high-risk breast cancer in parts of the 
Unitedd States. '2 

Ourr study is, to our knowledge, the first randomized study in which two chemotherapeutic 
regimenss that differ in intensity have been evaluated with regard to their late central 
neurotoxicity.. Late neurotoxicity of the agents employed in this study has not been reported 
previously,, although acute neurotoxicity has been observed in a few patients receiving 
thiotepa.499 However, the dosages associated with acute neurotoxicity far exceed the dosage 
usedd in this study. The fact that the cognitive deficits were observed, on average, 2 years after 
thee last chemotherapy course makes the results of our study of particular clinical significance. 

Centrall  neurotoxicity should not be taken lightly, since high-dose adjuvant chemotherapy for 
cancerr aims to achieve long-term survival and should allow patients to regain a socially and 
professionallyy acceptable lifestyle after the completion of treatment. Long-term cerebral 
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impairment,, even when relatively subtle, may have profound consequences for the daily lif e 

off  patients.34,50 

Onn the basis of our findings, which are indicative of neurotoxicity caused by systemic 

chemotherapyy in adult patients, we believe that central neurotoxicity might become a dose-

limitin gg factor in high-dose chemotherapy regimens. 

Becausee the demands for high-dose chemotherapy are likely to increase in the coming years 

,, the least that can and should be done is the recognition and investigation of central 

neurotoxicityy of specific high-dose regimens before they are introduced into routine clinical 

practice. . 
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