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Cognitive dysfunction in cancer

�� Cerebral metastasesCerebral metastases
�� Electrolyte derangement Electrolyte derangement (e.g. (e.g. hypercalcemiahypercalcemia))
�� Metabolic disturbances Metabolic disturbances (e.g. (e.g. uremia uremia and and anemiaanemia))
�� Humoral Humoral factors (TNF, factors (TNF, cytokines ectcytokines ect))
�� EmotionalEmotionaldistress distress (e.g. (e.g. anxiety anxiety and depression)and depression)
�� Other Other symptoms/symptoms/conditions conditions (e.g. (e.g. painpainand and fatiguefatigue))
�� Antineoplastic treatmentAntineoplastic treatment(e.g. ”(e.g. ”chemobrainchemobrain”)”)
�� Palliative Palliative treatmenttreatment(e.g.(e.g.opioidsopioids))

”49% ”49% of of a mixed cancer population a mixed cancer population complained of complained of problems problems with with 
concentrationconcentrationand and memorymemory””
CullCull et al.,et al.,BrBr J Cancer 1995J Cancer 1995



Self-assessment in cancer patients referred to 
palliative care

Strömgren et al., Cancer 2002

Patients (n=267) were assessed at referral by EORTC, ESAS, MMSE Patients (n=267) were assessed at referral by EORTC, ESAS, MMSE and HADS and HADS 
(The median number of symptoms: 8 (0(The median number of symptoms: 8 (0--14))14))

FatigueFatigue 94 %94 %
InactivityInactivity 86 %86 %
PainPain 83 %83 %
AnorexiaAnorexia 70 %70 %
Cognitive dysfunction                            57 %Cognitive dysfunction                            57 %
ConstipationConstipation 43 %43 %
DyspneaDyspnea 42 %42 %
SleeplessnessSleeplessness 37 %37 %
Nausea/VomitingNausea/Vomiting 37 %37 %
DiarrheaDiarrhea 21 %21 %
………………………………………………………………………………………………
AnxietyAnxiety 27 %27 %
DepressionDepression 47 %47 %



Mini Mental State Examination (MMSE)

TwentyTwenty--one items on one items on orientationorientationto time and to time and placeplace, memory, attention , memory, attention 

and and calculationcalculation, and ability to , and ability to namenamean an objectobject, to follow verbal and , to follow verbal and 
written instructions, to write a sentence written instructions, to write a sentence spontaneouslyspontaneously, and to copy a , and to copy a 

figure figure 

FolsteinFolsteinet al., J Psychiat Res 1975et al., J Psychiat Res 1975



MMSE in palliative care

�� On admission 44 % and prior to death 62 % had On admission 44 % and prior to death 62 % had 
abnormal scoresabnormal scores

PereiraPereiraet al., Cancer 1997et al., Cancer 1997

�� On On admission 35% had admission 35% had abnormal abnormal scoresscores

Radbruch Radbruch et al., et al., Palliat Palliat Med 2000Med 2000

�� OnOn admission 25 % had abnormal scores admission 25 % had abnormal scores 

StrömgrenStrömgrenet al., Cancer  2002et al., Cancer  2002



Opioid effects
Wanted effectsWanted effects

�� analgesiaanalgesia

�� sedationsedation

�� antianti--dyspnoedyspnoe

�� antianti--salivationsalivation

Unwanted effectsUnwanted effects
�� respiratoryrespiratorydepressiondepression
�� sedationsedation
�� constipationconstipation
�� itchingitching
�� nauseanausea//vomittingvomitting
�� dry mouthdry mouth
�� sweatingsweating
�� dizinessdiziness
�� sleep disturbancesleep disturbance
�� difficult micturitiondifficult micturition
�� mood changesmood changes
�� cognitive dysfunctioncognitive dysfunction
�� hyperalgesiahyperalgesia//allodyniaallodynia
�� hallucinations/deliriumhallucinations/delirium
�� myoclonusmyoclonus//seizuresseizures



Long-term consequences of opioid treatment

�� Physical dependencePhysical dependence
�� Tolerance Tolerance developmentdevelopment
�� OpioidOpioid--induced pain sensitivityinduced pain sensitivity
�� AddictionAddiction
�� Cognitive disordersCognitive disorders
�� Dysfunction of theDysfunction of theimmune and immune and reproductive reproductive systemssystems

SavageSavage, J , J Pain Pain Symptom Symptom Manage Manage 1993           Sjøgren et al.,1993           Sjøgren et al.,EurEur JJ PainPain 2005 2005 
Mitchell et al., Nat Mitchell et al., Nat NeurosciNeurosci2000  2000  FechoFechoet al., Jet al., JPharmacol Exp TherPharmacol Exp Ther19951995
Mao, Mao, Pain Pain 2002  2002  AbsAbset al., Jet al., JClin Endocrinol MetabClin Endocrinol Metab20002000



Pain management of opioid treated cancer patients in hospital 
settings in Denmark 

Lundorff et al.,  Acta Anaesthesiol Scand 2008

0%0%3%3%AllodyniaAllodynia

0%0%12%12%MyoclonusMyoclonus

9%9%17%17%ConfusionConfusion

8%8%33%33%SedationSedation

7%7%37%37%Cognitive dysfunctionCognitive dysfunction

2%2%39%39%SweatingSweating

46%46%46%46%NauseaNausea//vomittingvomitting

81%81%63%63%ConstipationConstipation

9%9%64%64%Dryness of mouthDryness of mouth

Treatment attempts of Treatment attempts of 
side side effectseffects

PrevalencePrevalenceSide Side effecteffect



Clinical neuropsychology

”Clinical neuropsychology is an applied science ”Clinical neuropsychology is an applied science 
concerned with the behavioral expression of brain concerned with the behavioral expression of brain 

dysfunctiondysfunction” ” 

MurielMuriel D.D. LezakLezak, ”, ” Neuropsychological AssessmentNeuropsychological Assessment””



Cognitive domains

in cancer and chronic non-cancer pain patients

�� Attentional capacityAttentional capacity
�� InformationInformation--processing processing speed andspeed andworking memory working memory 
�� ShortShort--term term memorymemory
�� PsychomotorPsychomotorspeed speed 

LezakLezakMD, MD, Neuropsychological AssessmentNeuropsychological Assessment19951995
EcclestonEcclestonand and CrombezCrombez, , Psychol bull Psychol bull 19991999
Grace et al., J Grace et al., J Clin Exp NeuropsycholClin Exp Neuropsychol19991999
Sjøgren et al., Sjøgren et al., Pain Pain 20002000



Opioids and cognition

NoNo--difference difference Driving abilityDriving abilityOral, Dose=209mg Oral, Dose=209mg 
Controlled,Controlled,
CrossCross--sectional sectional 

Vainio et al.,Vainio et al.,
Lancet 1995 Lancet 1995 

NoNo--difference difference CRT CRT 
Oral morphine vs. Oral morphine vs. 
oral MST, oral MST, 
Dose=120 mgDose=120 mg

CrossCross--overover
DoubleDouble--blind blind 

Christrup et al., Christrup et al., 
JPSM 1999 JPSM 1999 

DifferenceDifference
Prose recallProse recall,, Digit Digit 
spanspan, TMT, FTT, TMT, FTT

longlong--term oral term oral 
opioids opioids + + 
supplemental supplemental 
morphinemorphinedosesdoses

RCT, doubleRCT, double--blind,blind,
crosscross--over over 

KambojKambojet al., et al., 

PainPain20052005

NoNo--difference difference CRT, FTT, PASAT CRT, FTT, PASAT Oral, Oral, 
Doses=120/40mg Doses=120/40mg 

Controlled, Controlled, 
CrossCross--sectional sectional 

Sjøgren et al.,Sjøgren et al.,
Pain 2000 Pain 2000 

DifferenceDifferenceArithmetics, StroopArithmetics, Stroop--
ColourColour--Word Word Oral, Dose=104mgOral, Dose=104mg

ControlledControlled
CrossCross--sectionalsectional

Clemons et al.,Clemons et al.,
Cancer Treat Rev 1996Cancer Treat Rev 1996

Difference Difference CRT CRT Oral, Oral, 
Dose=150mg Dose=150mg 

Controlled, Controlled, 
CrossCross--sectional sectional 

Banning et al.,Banning et al.,
Acta 1992 Acta 1992 

Difference Difference CRT CRT 
Oral, Oral, 
Dose=168mg Dose=168mg 

Healthy controlsHealthy controls
CrossCross--sectional sectional 

Banning and Sjøgren,Banning and Sjøgren,
Clin J Pain 1990 Clin J Pain 1990 

Difference Difference 
FTT, Memory,FTT, Memory,
Arithmetics Arithmetics 

Oral/dose increase Oral/dose increase 
Controlled Controlled 
LongitunalLongitunal

Bruera et al.,Bruera et al.,
Pain 1989 Pain 1989 

NoNo--difference difference CRT CRT Oral/epidural, Oral/epidural, 
Doses:210/80mg Doses:210/80mg 

CrossCross--over over 
Controlled Controlled 

Sjøgren and Banning,Sjøgren and Banning,
Pain 1989 Pain 1989 

ResultsResultsAssessmentAssessmentOpioid Opioid treatmenttreatment
((routeroute and dose)and dose)DesignDesignStudyStudy



Exclusion criteria in controlled studies of cancer 
patients in long-term opioid treatment

1.1. Metabolic and electrolyte disturbances Metabolic and electrolyte disturbances 

2.2. Cerebral metastasis  Cerebral metastasis  

3.3. Other neurological and/or physical dysfunctions interfering withOther neurological and/or physical dysfunctions interfering with the the 
tests (e.g. dementia, head injury)tests (e.g. dementia, head injury)

4.4. Use of psychotropic drugs other than Use of psychotropic drugs other than opioidsopioids

5.5. Alcohol/drug abuseAlcohol/drug abuse

6.6. Anticancer treatment recently (3Anticancer treatment recently (3--4 weeks)4 weeks)

7.7. Acute progression of diseaseAcute progression of disease



Driving ability in cancer patients receiving 
long-term morphine analgesia

VainioVainio et al., The Lancet 1995et al., The Lancet 1995



Methods

1.1. A computerized test battery consisting of five psychomotor testsA computerized test battery consisting of five psychomotor tests
designed for professional driversdesigned for professional drivers

2.2. Reaction times, finger tapping, posture control (eyes open and Reaction times, finger tapping, posture control (eyes open and 
closed), and thermal discriminationclosed), and thermal discrimination

3.3. Plasma concentrations of morphine and metabolitesPlasma concentrations of morphine and metabolites

4.4. The psychological stateThe psychological state



Patients

�� The morphine group:The morphine group:24 cancer patients treated with stable doses 24 cancer patients treated with stable doses 
of slowof slow--release morphine tablets (mean daily dose 209 mg)release morphine tablets (mean daily dose 209 mg)

�� The control group:The control group:25 cancer patients taking no analgesics25 cancer patients taking no analgesics

The groups were similar regarding age an sex, educational The groups were similar regarding age an sex, educational 

background, duration of illness and performance statusbackground, duration of illness and performance status



Conclusion

”Long”Long--term analgesic medication with stable doses of term analgesic medication with stable doses of 
morphine does not have psychomotor effects of a kind that morphine does not have psychomotor effects of a kind that 

would be clearly hazardous in traffic”would be clearly hazardous in traffic”



Neuropsychological performance in cancer 
patients: the role of oral opioids, pain and 

performance status
Sjøgren et al., Pain 2000

130 cancer patients were consecutively included and divided in t130 cancer patients were consecutively included and divided in the he 

following categories:following categories:

Group 1 (N = 40)Group 1 (N = 40) KPS AKPS A -- PainPain -- OpioidsOpioids

Group 2 (N = 19)Group 2 (N = 19) KPS BKPS B -- PainPain -- OpioidsOpioids

Group 3 (N = 19)Group 3 (N = 19) KPS BKPS B + Pain+ Pain -- OpioidsOpioids

Group 4a (N = 31)Group 4a (N = 31) KPS BKPS B + Pain+ Pain + + OpioidsOpioids

Group 4b (N = 21)Group 4b (N = 21) KPS B KPS B -- PainPain + + OpioidsOpioids



Neuropsychological testing

1) Continuous Reaction Time (CRT): Sustained attention, vigilanc1) Continuous Reaction Time (CRT): Sustained attention, vigilance, concentration e, concentration 

and motivation. 152 auditory signals at random intervals over a and motivation. 152 auditory signals at random intervals over a period of 10 minperiod of 10 min

2) Finger Tapping Test (FTT): Psychomotor speed and simple motor2) Finger Tapping Test (FTT): Psychomotor speed and simple motorcoordination coordination 

using a tapping boardusing a tapping board

3)3) Paced Auditory SerialPaced Auditory SerialAdditionAddition TaskTask(PASAT): (PASAT): Working memoryWorking memoryand speedand speedof of 

information information processingprocessing..

Random digits Random digits is is presented verballypresented verballyat at timedtimed intervals in series intervals in series of increasingof increasingspeed speed 

and and the the patient ispatient isinstructed continuouslyinstructed continuouslytoto add theadd thelastlastdigitdigit toto the previousthe previous



Results

•• CRT: Group 1 > CRT: Group 1 > groups groups 2, 4a and 4b2, 4a and 4b

•• FTT: Group 1 > FTT: Group 1 > groups groups 3 and 4a3 and 4a

•• PASAT: Group 1 > PASAT: Group 1 > group group 4a (4b > 4a) 4a (4b > 4a) 

The The painpain--relieved groups relieved groups (2 and 4b) (2 and 4b) performed better performed better 

than the painthan the pain--suffering groups suffering groups (3 and 4a) in PASAT(3 and 4a) in PASAT

SVAS and SVAS and drowsiness was strongly associated with drowsiness was strongly associated with 

poorpoorperformance performance of of CRT and FTTCRT and FTT



FTT (range, 25, 50 and 75% percentiles) for dominant (DOM) and non-dominant 
(NDOM) hands in five patient groups



Conclusions

1.1. The use of longThe use of long--term oral term oral opioidopioid treatment did not affect any of the treatment did not affect any of the 
neuropsychological testsneuropsychological tests

2.2. Patients being in KPS B had statistically significantly slower CPatients being in KPS B had statistically significantly slower CRT RT 
than patients being in KPS Athan patients being in KPS A

3.3. Pain itself deteriorated the performance of PASATPain itself deteriorated the performance of PASAT



The effects of opioid dose increase and supplemental 

opioid doses on cognition

PainPainrelief  relief  
AnteAnte-- and and 
retrogradretrograd
memory memory 
impairmentimpairment

Attention Attention 
deficits deficits 

PVASPVAS

HADSHADS

Prose recallProse recall

Digit spanDigit span

Trail marking Trail marking 

FTTFTT

Supplemental Supplemental 
morphinemorphinedosesdoses

Cancer patients Cancer patients 
(n=14) (n=14) on longon long--
term term opioidsopioids

RandomizedRandomized, , 
placeboplacebo--
controlledcontrolled, , 
doubledouble--blind, blind, 
crosscross--over over studystudy

Kamboj Kamboj et al., et al., PainPain
20052005

Pain Pain relief relief 

Increased Increased 
sedation sedation andand

nauseanausea

Significant Significant 
impairment of impairment of 
all cognitiveall cognitive
testtest

ESASESAS

FTTFTT

ArithmeticsArithmetics

Reverse memoryReverse memory

Visual Visual memorymemory

A dose A dose increaseincrease
ofof 30% in 20 30% in 20 
patientspatients

Stable doses in 20 Stable doses in 20 
controlscontrols

Cancer patients Cancer patients 
(n=40)(n=40)

onon oral and oral and 
parenteral opioidsparenteral opioids

An An openopen--label label 
controlled studycontrolled study

Bruera Bruera et al., et al., 

PainPain19891989

ResultsResultsAssessmentsAssessmentsStudy Study 
interventionintervention

Patients and Patients and 
treatmentstreatments

DesignDesignStudiesStudies



...but remember that there are remedies for cognitive 
dysfunctioning !



Management opioid induced cognitive dysfunction with 
opioids 

1.1. CoCo--administrating adjuvant analgesicsadministrating adjuvant analgesics

2.2. Reducing the opioid Reducing the opioid dose dose whenever possiblewhenever possible

3.3. CircadianCircadianmodulationmodulationwith the opioidwith the opioid

4.4. Administering Administering an alternative an alternative opioidopioid

5.5. Administering the opioid Administering the opioid by an alternative by an alternative routeroute

6.6. A A combination of combination of 4 and 54 and 5



Other therapeutic strategies to manage cognitive dysfunction

•• PsychostimulantsPsychostimulants

•• OtherOtherdrugs e.g. drugs e.g. antidepressantsantidepressants

•• HydrationHydration

•• Oxygen Oxygen supplysupply

•• SleepSleepmanagementmanagement



Methylphenidate in opioid-induced cognitive 
dysfunction and sedation

Improvement Improvement 
of drowsinessof drowsiness, , 
confusionconfusion, , 
FTT, FTT, 
arithmetics arithmetics 
and and memorymemory

ESASESAS

FTTFTT

ArithmeticsArithmetics

MemoryMemory

Methylphenidate Methylphenidate 

10mg 10mg dailydaily

N=19N=19

Continuous Continuous s.c. s.c. 
infusionsinfusions

RandomizedRandomized, , 
doubledouble--blind, blind, 
crosscross--overover

5 5 daysdays;; crosscross--over over 
day day 33

Bruera Bruera et al., 1992et al., 1992

Improvement Improvement 
of painof pain, , 
activity activity and and 
drowsinessdrowsiness

ESASESAS

SleepSleep

Methylphenidate Methylphenidate 
10mg+5mg+010mg+5mg+0

N=28N=28

Oral Oral opioidsopioids

RandomizedRandomized, , 
doubledouble--blind, blind, 
crosscross--overover

7 7 daysdays;; crosscross--over over 
dayday44

Bruera Bruera et al., 1987et al., 1987

ResultsResultsAssessmentsAssessmentsStudy Study drugdrugPatients and Patients and 
treatmentstreatments

DesignDesignStudiesStudies



Modafinil for cognitive dysfunction in advanced cancer: A 
randomized, controlled, double-blind, cross-over trial

Lundorff et al., submitted to Cancer

�� AimAim: : To To evaluate the cognitive effects of evaluate the cognitive effects of singlesingle--dose dose ModafinilModafinil

�� MethodsMethods: : 28 cancer patients (28 cancer patients (fatiguefatigue>50mm >50mm on on ESAS) ESAS) received Modafinil received Modafinil 200 mg 200 mg 
or or placebo and 4 placebo and 4 days later they crossed days later they crossed over to over to the the alternative alternative treatmenttreatment

�� AssessmentAssessment: : FTT, TMT and ESAS FTT, TMT and ESAS were measured before were measured before and 4.5 and 4.5 hours after hours after tablet tablet 
intakeintake

�� ResultsResults: : FTT (dom) and TMT asFTT (dom) and TMT aswell well as depression and as depression and drowsiness measured ondrowsiness measured on
ESAS ESAS improved statisticallyimproved statisticallysignificantly on modafinil significantly on modafinil 



Conclusions

1.1. The The cognitive effects of cognitive effects of stablestablelonglong--term oral term oral opioid treatment seemopioid treatment seemto to be be 
modest modest 

2.2. Driving ability seems to be preserved in patients treated with sDriving ability seems to be preserved in patients treated with stable doses of table doses of 
opioidsopioids

3.3. Dose increase as well supplemental Dose increase as well supplemental opioidopioid doses may temporarily doses may temporarily 
deteriorate cognitive function deteriorate cognitive function 

4.4. Pain itself seems to deteriorate some aspects of neuropsychologiPain itself seems to deteriorate some aspects of neuropsychological cal 
performance performance 

5.5. Poor performance status seems to deteriorate some aspects of Poor performance status seems to deteriorate some aspects of 
neuropsychological performanceneuropsychological performance

6.6. PsychoPsycho--stimulants may counteract cognitive dysfunction and sedation, stimulants may counteract cognitive dysfunction and sedation, 
however, more studies are neededhowever, more studies are needed


