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           INTRODUCTION 

 Following chemotherapy, cancer patients frequently com-
plain about impaired memory and problems concentrating 
when engaged in cognitively demanding tasks. Among pa-
tients, such problems are often considered fi rmly established 
and commonly referred to as “chemo-brain.” Initially, the 
chemo-brain phenomenon found empirical support from the 
fi rst cross-sectional studies published in the mid-nineties 
demonstrating higher levels of cognitive impairment in can-
cer patients who had received chemotherapy, when compared 
both to standardized test norms and to cancer patients not 
receiving chemotherapy (Van Dam et al.,  1998 ; Wieneke & 
Dienst,  1995 ). The results from later cross-sectional studies 
continued to support the possibility of cognitive impairment 
following chemotherapy, although a recent meta-analysis 
revealed that the effect sizes are generally small to moderate 

(Falleti et al.,  2005 ). In contrast to the previous cross- 
sectional studies, results from recently published prospective 
studies do not show a consistent pattern of decline  versus  
improvement in cognitive function over time in patients 
following chemotherapy (Jenkins et al.,  2006 ; Mehlsen et al., 
2008; Schagen et al.,  2006 ). 

 Previous studies (Jenkins et al.,  2006 ; Mehlsen et al., 
2008; Schagen et al.,  2006 ) of cognitive impairment in 
chemotherapy patients have almost exclusively focused on 
middle-aged women treated for breast cancer with cyclo-
phosphamide, epirubicine, and 5-fl uoro-uracil, and the 
possibility of cognitive impairment has only rarely been ex-
amined in patients with other cancer diagnoses and treat-
ments (Falleti et al.,  2005 ). Cognitive function in men with 
testicular cancer (TC) treated with bleomycin, etoposide, 
cisplatin (BEP) has to the best of our knowledge only been 
examined once (Schagen et al.,  2008 ). The results from this 
recent study revealed no differences between TC patients re-
ceiving chemotherapy and TC patients not receiving chemo-
therapy in cognitive performance assessed by formal 
neuropsychological testing. However, when analyzing the 
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percentage of patients showing indication of cognitive im-
pairment, a larger proportion was found in the chemotherapy 
group compared to patients having orchiectomy only (Schagen 
et al.,  2008 ). 

 TC is the most common solid tumor among young men 
between the ages of 15 and 45 years in Denmark, accounting 
for about 1.8% of malignant tumors in men, with an inci-
dence rate of approximately 0.01%. The primary treatment of 
all patients with TC is orchiectomy, with subsequent treat-
ment strategies of surveillance only, radiation therapy, or che-
motherapy with BEP depending on histology (i.e., seminomas 
 vs.  non-seminomas) and stage (Krege et al.,  2008 ). After 
treatment, most patients are expected to return to an active 
working and social life where intact cognitive function is a 
prerequisite. So far, there is no certain evidence concerning 
chemotherapy-related cognitive impairment. Most studies 
have focused on breast cancer treatment, and only one study 
examined the possible consequences of treatment with BEP; 
hence, further studies of cognitive function in men treated for 
TC with BEP are relevant. Our objective was therefore to ex-
amine whether TC patients receiving chemotherapy would 
show indications of long-term cognitive impairment com-
pared to TC patients not receiving chemotherapy.   

 METHODS  

 Participants 

 Participants were 72 men in two groups: (a) a  chemotherapy 
group  consisting of 36 TC patients, aged 24–60 years, treated 
with orchiectomy and BEP and (b) a  nonchemotherapy group  
of 36 TC patients aged 27–70 years (23 orchiectomy only 
and 13 orchiectomy and radiotherapy). One participant in the 
chemotherapy group had also received radiotherapy. Sample 
size was determined by statistical power analyses based on 
previously published studies on cognitive performance in 
breast cancer patients. Effect sizes up to .69 implied that sta-
tistical signifi cant differences on relevant cognitive measures 
between exposed group  versus  control could be revealed 
with 27 participants in each group (Van Dam et al.,  1998 ). 

 All participants had been successfully treated for TC at the 
Department of Oncology, Aarhus University Hospital within 
the past 2–7 years. Exclusion criteria were (a) evidence of TC 
within the past 2 years, (b) a history of neurological or psychiat-
ric disease or substance abuse that could infl uence performance 
in neuropsychological testing, and (c) inability to read and un-
derstand Danish. The chemotherapy group had been treated 
with three or four cycles of bleomycin (30 units intravenously   
on days 2, 9, and 16), etoposide (100 mg/m 2  intravenously on 
days 1–5), and cisplatin (20 mg/m 2  intravenously on days 
1–5) (BEP).   

 Procedure 

 Eligible men treated for TC within the previous 2–7 years 
were identifi ed using the registry of the Department of Oncol-
ogy, Aarhus University Hospital, and contacted by mail or 

when attending regular follow-up examinations. They re-
ceived written information and were asked to return a signed 
participation slip in a prepaid envelope if they consented to 
participate. Men consenting to participate were contacted by 
phone and received additional information about the study in-
cluding the time and date for neuropsychological testing. At 
the arranged time, the participants signed an informed consent 
form and received a questionnaire package to be completed, 
either immediately after neuropsychological assessment or to 
be returned within a week in a prepaid envelope. The study 
was approved by the regional ethics committee and completed 
in accordance with the Helsinki Declaration.   

 Neuropsychological Assessment and Psychological 
Questionnaires 

 A battery of standardized neuropsychological tests, assess-
ing intelligence and seven additional cognitive domains, de-
signed to cover a broad range of cognitive abilities were 
used. The tests were selected for previously shown clinical 
sensitivity to subtle cognitive impairments similar to those 
seen in patients with mild cerebral affection, for example, 
subclinical toxic exposure or minor head injury. In addition 
to estimated intelligence, the cognitive domains included 
processing speed, working memory, visuospatial construc-
tion, verbal fl uency, response inhibition, and visual and ver-
bal learning and memory. The same battery was applied in a 
prospective study of cognitive side-effects in breast cancer 
patients receiving chemotherapy (Mehlsen et al., 2008). 

 The following tests were used: the Danish version of the 
National Adult Reading Test (Mortensen & Gade,  1993 ); the 
Wechsler Adult Intelligence Scale third edition (WAIS-III) 
subtests Digit Symbol-Coding (CD), Symbol Search (SS), 
Arithmetic (A), Digit Span (DS), and Letter-Number Sequenc-
ing (LN) (Wechsler,  1997a ); Trail Making A and B (Reitan, 
 1958 ); the Rey Complex Figure Test (RCFT) (Meyers & 
Meyers,  1995 ); the Rey Auditory Verbal Learning Test 
(RAVLT  ) (Nielsen et al.,  1989 ); and the Wechsler Memory 
Scale third edition subtest Logical Memory (LM) (Wechsler, 
 1997b ), category fl uency—animals, phonological fl uency—
words beginning with F and N; and the Stroop Color and 
Word Test (Golden & Freshwater,  2002 ). S  ee  Table 2  for the 
associations between cognitive domains and neuropsycho-
logical tests. Administration of the test battery lasted ap-
proximately 1 hr 30 min. All assessments were performed 
by trained research assistants and scored by the same re-
search assistant. Administration and scoring were conducted 
under supervision by a registered senior specialist in clinical 
neuro psychology.     

 Cognitive impairment was evaluated using the method by 
Schagen et al. ( 2008 ). For each test, patients scoring 2 stan-
dard deviations below the mean of the nonchemotherapy 
group were considered impaired. An overall impairment score 
for each patient was calculated as the number of tests for 
which the patient showed impairment. The fi fth percentile of 
the overall impairment scores of the patients in the nonchemo-
therapy group was used as a cutoff score. The application of 
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this algorithm indicated that patients with test scores 2 stan-
dard deviations below mean on four or more of the 21 test 
measures could be classifi ed as cognitively impaired. 

 Possible confounding psychological variables were mea-
sured by a number of validated questionnaires. Stress was 
measured with the Perceived Stress Scale (PSS) (Cohen 
et al.,  1983 ), depressive symptoms with the Beck Depression 
Inventory second edition (BDI-II) (Beck et al.,  1996 ), and 
social support with the Social Support Questionnaire of 
Transactions (SSQT) (Suurmeijer et al.,  1995 ). Negative af-
fect was measured using the Profi le of Mood States (POMS) 
(Zevon & Tellegen,  1982 ).    

 RESULTS  

 Sociodemographic and Clinical Characteristics 

 The sociodemographic and clinical characteristics of the 
participants are shown in  Table 1 . No differences in sociode-
mographic and clinical variables known to infl uence perfor-
mance in neuropsychological assessment were found between 
the chemotherapy group and the nonchemotherapy group. 
Furthermore, there were no group differences in job status 
( c  2 (3,72) = 3.7,  p  = .30). Almost all participants were em-
ployed or enrolled in various educations. Only one partici-
pant in the chemotherapy group and two participants in the 
nonchemotherapy group received retirement benefi ts.     

 There was no between-group differences in mean fol-
low-up time, which was approximately 4 years in both groups, 

and no group differences were found with respect to depres-
sive symptoms, negative affect, stress, or social support.   

 Neuropsychological Test Results 

 The neuropsychological test results are presented in  Table 2 . 
Univariate analyses showed that men in the chemotherapy 
group had statistically signifi cant ( p  < .05) lower scores in 
the RAVLT fi rst trial, recollecting on average one word less 
at immediate recall than nonchemotherapy patients. This 
was the only signifi cant difference out of 21 comparisons. 
When adjusting the level of signifi cance for multiple com-
parisons (Bonferroni correction), no differences reached sta-
tistical signifi cance. 

 Assessing possible cognitive impairment in individual 
participants revealed no difference between groups in the 
proportion of impaired. In the chemotherapy group, 5.6% of 
participants were classifi ed as cognitively impaired, com-
pared to 8.3% in the nonchemotherapy group ( c  2 (1,72) = 
0.22,  p  = .64). 

 Psychological measures correlated with some of the neu-
ropsychological test scores. Stress (PSS) was associated 
with poorer performance on tests on working memory 
(WAIS-III DS Fw) and visual memory (RCFT). Social sup-
port (SSQT) was associated with poorer performance on 
tests on working memory (WAIS-III DS Fw), processing 
speed (WAIS-III CD), and verbal fl uency (F words). Depres-
sion (BDI-II) was associated with poorer performance on 
tests on working memory (WAIS-III LN) and negative affect 

 Table 1.        Sociodemographic and clinical characteristics of men treated for TC 2–7 years earlier with BEP 
(chemotherapy group) or without chemotherapy (nonchemotherapy group  )              

    
 Chemotherapy 
group ( n  = 36) 

 Nonchemotherapy 
group ( n  = 36)  Effect size  a     p  (two-tailed)     

 Mean age, years ( SD )  38.3 (9.3)  42.0 (9.8)  .39  .10   
 Years of education ( SD )  12.9 (3.1)  13.0 (3.0)  .00  .91   
 DART  b   raw score  24.4 (9.3)  25.2 (12.9)  .01  .76   
 Histology   
  Non-seminomas  25  12 

 9.40/.36  <.01   
  Seminomas  11  24   
 Disease stage   
  I  3  28 

 37.16/.72  <.001   
  II  24  8   
  III  6  0   
  IV  3  0   
 Mean time since orchiectomy, 
 months ( SD ) 

 54.0 (23.7)  46.5 (11.8)  −.40  .09   

 Mean time since chemotherapy, 
 months ( SD ) 

 47.7 (15.1)  –       

 Depressive symptoms (BDI-II)  6.5 (8.1)  6.4 (6.1)  .01  .97   
 Negative affectivity (POMS)  8.3 (23.7)  8.9 (19.0)  .03  .92   
 Perceived stress (PSS)  14.6 (6.4)  14.7 (6.8)  .02  .93   
 Social support (SSQT)  39.0 (15.0)  39.0 (13.5)  .00  1.00   

       SD , standard deviation.  
   a     Cohen’s  d  for continuous variables and  c  2 /Cramer’s  V  for categorical variables.  
   b     Danish Adult Reading Test provides an estimate of pretreatment intelligence.    
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(POMS) with visual memory (RCFT immediate and delayed 
recall) ( r  = −.25 to −.32, all  p  values <.05). None of the psy-
chological measures were associated with the number of 
cognitive tests scored in the impaired range ( r  = −.19 to .03, 
 p  > .16), and impaired participants did not differ from the 
remaining participants on stress, depression, negative affect, 
or social support ( t  = −0.10 to 0.77,  p  > .45).    

 DISCUSSION 

 Men with TC who had orchiectomy in combination with 
chemotherapy 2–7 years earlier (chemotherapy group) per-
formed similarly on neuropsychological tests as men who 
had orchiectomy only or orchiectomy in combination with 
radiotherapy (nonchemotherapy group). The chemotherapy 
group differed from the nonchemotherapy group in only one 
out of 21 univariate tests, recollecting one word less at im-
mediate recall than the nonchemotherapy group in RAVLT 
fi rst trial. When correcting for multiple comparisons, no dif-
ferences in neuropsychological test performance were found. 
It does not seem likely that this result is attributable to weak 
statistical power. Effect sizes are small, and there was no 
sign that one group performed consistently better than the 
other on the neuropsychological measures. Moreover, when 
analyzing individual participants, there was no difference 

between groups in the proportion of cognitively impaired 
patients. Our results thus do not support the hypothesis of 
increased risk of long-term cognitive impairment following 
standard chemotherapy. 

 Our results are discordant with those of the only published 
previous study (Schagen et al.,  2008 ) where a larger percent-
age of cognitively impaired TC patients was found in a group 
receiving chemotherapy compared to TC patients having or-
chiectomy only. The reasons for this discordance could hy-
pothetically be related to unknown between-study differences 
among participants. However, the reasons are not clear and 
cannot be explained by the published data. 

 Among the strengths of the present study are that the two 
investigated groups were very similar and did not differ with 
regard to age, years of education, intelligence, time since 
treatment, and psychological distress, parameters that could 
hypothetically infl uence the results of neuropsychological 
testing. In addition to the independent variable of chemother-
apy  versus  no chemotherapy, the two groups only differed 
with respect to histology, that is, seminomas  versus  non- 
seminomas; and disease stage, chemotherapy recipients having 
more advanced disease. Potentially more advanced disease 
could in itself infl uence cognitive function, and it would not 
be possible to disentangle this effect from the possible effect 
of chemotherapy; however, chemotherapy recipients were 

 Table 2.        Mean scores and standard deviations of neuropsychological tests of men treated for TC 2–7 years earlier with BEP 
(chemotherapy group) or without chemotherapy (nonchemotherapy group)                

   Cognitive ability  Test  a   
 Chemotherapy 
group ( n  = 36) 

 Nonchemotherapy 
group ( n  = 36) 

 Effect size 
(Cohen’s  d )   p  (two-tailed)     

 Processing speed  WAIS-III CD  66.6 (13.5)  68.0 (18.6)  .09  .71   
 WAIS-III SS  30.2 (6.9)  31.4 (9.2)  .15  .51   
 TMA (sec.)  36.3 (13.9)  37.4 (17.0)  .08  .75   
 TMB (sec.)  81.7 (34.6)  77.8 (33.1)  −.11  .63   

 Working memory  WAIS-III A  15.0 (4.0)  16.0 (3.6)  .15  .25   
 WAIS-III DS Fw  8.4 (2.1)  8.1 (1.7)  −.14  .55   
 WAIS-III DS Bw  5.4 (1.7)  5.7 (2.5)  .12  .62   
 WAIS-III LN  9.1 (2.9)  9.4 (3.1)  .08  .73   

 Visuospatial construction  RCFT Copy  32.3 (2.7)  32.0 (3.0)  −.08  .73   
 Learning and memory (visual)  RCFT Immediate Recall  18.8 (5.7)  18.2 (7.0)  −.09  .71   

 RCFT Delayed Recall  17.6 (5.2)  17.4 (6.5)  −.03  .89   
 RCFT Recognition  20.6 (2.0)  20.9 (2.1)  .15  .53   

 Learning and memory (verbal)  WMS-III LM Immediate 
Recall Total Score 

 46.1 (11.9)  44.6 (13.2)  −.12  .61   

 WMS-III LM Delayed 
Recall Total Score 

 28.9 (9.2)  28.9 (9.8)  .01  .97   

 RAVLT 1. Trial  4.6 (1.6)  5.6 (1.9)  .51  .03 *    
 RAVLT Total Learning  40.3 (9.9)  44.0 (10.3)  .36  .13   
 RAVLT Recognition  27.4 (2.5)  28.1 (2.0)  .31  .19   

 Verbal fl uency  Animals  30.9 (8.2)  33.3 (8.9)  .29  .23   
 F words  18.6 (7.0)  19.3 (8.0)  .10  .67   
 N words  12.6 (5.2)  13.3 (6.4)  .11  .64   

 Response inhibition  SCWT Interference Score  53.4 (9.4)  53.7 (7.3)  .03  .92   

       a      See  Methods  section for details of individual tests, including explanations of abbreviations. Lower score means lower performance, except for Trail Making 
A and B (TMA and TMB). Performances in WAIS-III and Wechsler Memory Scale third edition (WMS-III) subtests are presented as raw scores. The score 
in verbal fl uency tasks was words mentioned in 90 s. By mistake, delayed recall in RAVL was not administered. SCWT, Stroop Color and Word Test  .  
  *     Signifi cant at  p  < .05 level (two-tailed).    
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 not  performing worse on cognitive measures. In addition, 
there were no between-group differences with other potential 
confounders of test results, that is, psychological distress. 

 Regardless of these strengths, the cross-sectional design is 
a potential limitation of our study of long-term effects, and a 
prospective design would enable examination of possible 
changes in neuropsychological test performance over time in 
the two groups. 

 Another potential weakness is that no healthy control 
group was included to calibrate test scores in the analysis of 
cognitive impairment at the individual level. As pointed out 
by Schretlen et al. ( 2008 ), the proportion of individuals de-
fi ned as cognitively impaired will depend on various meth-
odological and population-related factors. Thus, our data do 
not offer a valid rate of cognitively impaired TC patients, 
and both the chemotherapy and the nonchemotherapy might 
include a larger proportion of impaired individuals if com-
pared to healthy controls. This limitation does, however, 
not concern our conclusion regarding differences between 
the chemotherapy and the nonchemotherapy groups of TC 
 patients. 

 Cancer and cancer treatments, for example, surgery, radio-
therapy, or chemotherapy, are known to cause psychological 
distress (van’t Spijker et al.,  1997 ), which in turn may infl u-
ence cognitive function (Howiesen & Lezak,  2004 ), and 
previous fi ndings of cognitive impairment could be related 
to this issue. TC patients, who have received chemotherapy, 
may, as is common among other cancer patients, worry about 
possible negative long-term effects on cognitive function, 
which in itself could infl uence cognitive performance as well 
as quality of life. In conclusion, it could therefore be impor-
tant to communicate to patients that there is no consistent 
evidence to suggest that standard-dose chemotherapy is asso-
ciated with cognitive decline and that several more recent 
studies, including the present, are unable to fi nd support for 
such a hypothesis.     
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