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• Rééducation et Neuro-Oncologie: 

au moins 2 spécificités

-une contrainte de temporalité: 

c inétique tumora le globalement rapide :  glioblastome/oligodendrogliome

… mais aussi rém ission avec augmentation de la survie

… mais aussi guérison avec  séquelles (neuro, ortho, sensorielles…) et vieillissement 

neurologique

-une logique de ‘management de la  perte de fonction’: 

récupération souvent de courte durée ou absente

aider à gérer la perte d’autonomie parfois rapide

être dans une logique de compensation (à court ou moyen ou long terme)

L’absence d’objectif curatif n’est pas 

incompatible …

 Avec une survie prolongée = s’enquérir du pronostic

 Avec une prise en charge fonctionnelle

 En particulier les patients sans facteurs péjoratifs (Survie > médiane)

Principaux gliomes de haut grade

Gliome avec altération H3K27

Glioblastome du sujet âgé

Glioblastome classique

Gliome avec altération G34R

Astrocytome de grade 4

Astrocytome anaplasique mIDH grade 3

Oligodendrogliome anaplasique grade 3

9

12

16 à 21

22

23

54

140

GBM: médiane de survie 12-15 mois
<25% 2 ans

<10% 5 ans





Tumeur cérébrale: 1ère cause des troubles cognitifs

par compression ou invasion des tissus sains fonctionnels

• Avant tout traitement: jusqu’à 90% des patients 

présentent des déficits cognitifs
notamment si tumeur dans l’hémisphère dominant

symptomatologie variable selon localisation

mémoire, FE et langage ++ (atteintes FT)
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Neurotoxicité des traitements



Durand et al, 2016

Neurotoxicité des traitements

Amélioration des fonctions cognitives par suppression de l’effet de 

masse

mais

Apparition de troubles liés à l’ablation de tissus sains périlésionnels

souvent focaux et transitoires

pour limiter les effets iatrogènes: chirurgie éveillée (aires langage++)



Durand et al, 2016

Neurotoxicité des traitements

La RT peut améliorer des symptômes en diminuant le volume tumoral

mais

Traitement possiblement neuro-toxique

avec troubles cognitifs à court et à long terme

Doses thérapeutiques proches des doses toxiques pour les tissus sains

FdR:



Durand et al, 2016

Neurotoxicité des traitements

Troubles aigus
pendant la RT ou rapidement après la fin du traitement

liés à l’œdème

+/- céphalées, nausées, vomissements, somnolence

améliorés par corticothérapie

peu d’observations à cette phase: diff d’apprentissage en mémoire épisodique 

verbale et MdT (Welzel et al, 2008)

Troubles précoces
premiers mois après la fin de la RT, réversibles

associés à des processus de démyélinisation puis remyélinisation

fonctions touchées: MdT, ME, VTI, attention

Troubles tardifs
Plusieurs mois à plusieurs années après RT

Leuco-encéphalopathie post-radique (incidence: 50% à 1 an?)



Neurotoxicité des traitements

Signes radiologiques:
-lésions SB péri-ventriculaire hypersignal FLAIR

-atrophie corticale et sous-corticale

Signes cliniques:
-troubles exécutifs et attentionnels

-déficits ME et VTI

-troubles comportementaux:

apathie modérée à sévère

parfois évolution jusqu’à la démence

Durand et al, 2016

Leuco-encéphalopathie post-radique



Durand et al, 2016

Neurotoxicité des traitements

Peu de données concernant le chemobrain dans le cadre de la 

prise en charge des patients avec tumeur cérébrale

(Voir données des patients avec cancer du sein)



Durand et al, 2016

Neurotoxicité des traitements

épilepsie: csq fréquente des tumeurs intracrâniennes

1er symptôme 50%, 80% au cours du suivi (gliomes bas grade)

traitement par 1 ou +sieurs traitements, pouvant induire troubles 

cognitifs et/ou fatigue

effet sur la cognition et l’humeur?

altérations fonctionnelles et structurelles des aires hippocampiques

et préfrontales, le plus souvent réversibles 
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Abstract

Outcomes for patients w ith lower-grade gliomas (LrGGs) continue to improve w ith advances in molecular charac-

terization and treatment. However, cognitive sequela from the tumor and its treatment leave a significant impact 

on health-related quality of life for these patients. Several factors affect each patient’s cognition, such as tumor 

location, treatment, medication, and comorbidities. However, impairments of processing speed, attention, con-

centration, working memory, and executive function are common across LrGG patients. Cognitive rehabilitation 

strategies, well established in traumatic brain injury and stroke populations, are based on neural plasticity and 

functional reorganization. Adapting these strategies for implementation in patients w ith brain tumors is an active 

area of research. This article provides an overview of cognitive domains commonly impaired in LrGG patients and 

evidence for the use of cognitive rehabilitation strategies to address these impairments w ith the goal of improving 

health-related quality of life in this patient population.
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primary brain tumor

Survival for patients w ith lower-grade diffuse gliomas (LrGGs)–

grades II and III—is improving, w ith a median survival of 5 

to 15 years1–5 depending on molecular subtype.6,7 However, 

these tumors and their related treatments often lead to sig-

nificant objective and subjective cognitive impairments8–13 

that negatively affect patients’ health-related quality of life 

(HRQOL).14 The reported prevalence of cognitive impairments 

in LrGG varies w idely.15 At presentation, before any treatment 

(including surgery), 31% to 75% of patients report cognitive 

impairments11,16 and these are more common w ith dominant 

hemispheric lesions.17 Though some cognitive recovery usu-

ally occurs w ithin 3 to 6 months of surgery,18–20 19% to 83% of 

LrGG patients remain impaired or decline further.11,15,21,22

The mechanisms of cognitive impairment in brain tumors, 

including LrGGs, are multifactorial (Figure 1). The impact of the 

tumor and its associated treatments can lead to the functional 

disruption of distributed cognitive networks.10,23–27 Tumor bi-

ology, extent of edema, tumor volume, and higher grade 

have been linked to brain tumor–related cognitive impair-

ment.8,10,11 Isocitrate dehydrogenase mutation, a feature com -

monly seen in LrGG, correlates w ith fewer cognitive deficits 

at presentation and slower lesion momentum over time.10 

Standard adjuvant tumor treatments, such as radiotherapy 

and chemotherapy, are associated w ith diminished cogni-

tion. Radiotherapy affects both the cerebral vasculature and 

white-matter tracts contributing to demyelination, thickening 
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Atteinte cognitive (objective/subjective)
31% à 75% avant tout traitement

19% à 83% après PEC

Langage (hémisphère dominant)
Attention/concentration

Vitesse de traitement
Apprentissage/mémoire

Fonctions exécutives (flexibilité, organisation, multitâches)

Atteinte mémoire verbale 40% à 60% après chirurgie éveillée
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of vessel walls, focal mineralization, and coagulati ve ne-

crosis.25 These changes have been linked to cognitive 

decline that may continue to evolve several years after ra-

diotherapy.28,29 Chemotherapy also has neurotoxic effects 

on cognition through development of acute and chronic 

encephalopathy.25,30 In a rodent study of temozolomide, 

a commonly used alkylating agent in glioma treatment, 

neurogenesis in the hippocampus was decreased with a 

negative impact on memory encoding and learning.31 Use 

of steroid or pain medications, high seizure burden, and 

several antiepileptic drugs may also exacerbate cognitive 

inefficiencies.25,32,33

Cogniti ve rehabilitation is considered a well-established 

treatment to address cogniti ve impairments in many 

neurologic diseases such as traumatic brain injury (TBI), 

multiple sclerosis, and stroke.34–37 Cogniti ve rehabilitation 

“ is a systematically applied set of medical and therapeutic 

services designed to improve cogniti ve functioning and 

participation in activities that may be affected by difficul-

ties in one or more cognitive domains.”  38 Further, these 

services are designed to enhance cognitive abilities, par-

ticularly as it relates to improving functional independence 

and HRQOL.36,38 Cogniti ve rehabilitation is based on prin-

ciples of neural plasticity and functional reorganization39,40 

w ith 2 main underlying mechanisms: 1) retraining and 

2) functional compensation.35,41–43 Retraining strengthens 

impaired cognitive skills through repeatedly practicing 

cogniti ve tasks,44 whereas functional compensation fo-

cuses on honing strategies to modify the environment and/

or one’s approach to achieve a goal.41,45 These 2 interven-

tional approaches are often combined,46–49 w ith compen-

sation being particularly appropriate for treating persistent 

cogniti ve impairments.35,36,50

Cognitive rehabilitation typically is informed by neuro-

psychological assessment and implemented in 3 phases: 

1) Acquisition—education about cognitive vulnerabil -

ities and strengths, and beginning to learn possible com-

pensatory strategies; 2) Application—applying learned 

compensatory strategies in stages toward mastery; and 

3) Adaptation—applying prior learned skills with enhanced 

complexity to aid functional improvement (Figure 2).36,51 

Cogniti ve rehabilitation strategies are increasingly being 

investigated and applied in brain tumor patients, particu-

larly in LrGG patients with improving survival.

Common Domains of Cognitive 

Impairment and Related Cognitive 

Rehabilitation Strategies in Lower-

Grade Glioma Patients

The prevalence of cognitive impairment in LrGG varies 

across affected domains, particularly those reliant on 

  

Comorbid

psychiatric illness

Age

Education

Seizure medication

Steroids 

Tumor

treatment

Tumor location

and Biology

Fatigue

Past medical

history

Environmental

influences

Cognition

Figure 1.  Factors that influence cognitive impairment in lower-grade glioma (LrGG) patients.
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Séquence thérapeutique

Chirurgie
(Exérèse/biopsie)

Radio-
Chimiothérapie

Chimiothérapie 
adjuvante

Surveillance 
radio-clinique

Coopération/collaboration 
neurochir anapath 

radiothérapeute oncologue 

MPR

pour proposer un traitement individuel global et fonctionnel
bénéfice thérapeutique / QoL

…?

MPR MPR

AVC like
évolution plutôt favorable

incertitude/inconfort
évolution non maitrisée

Séquence thérapeutique selon Stupp

Chirurgie ou biopsie
Radiochimiothérapie

6 semaines

Chimiothérapie 
adjuvante

6 mois

Surveillance jusqu’à 
récidive 

Souvent dans l’année 
post RCT

J1
S4 à 

S6
M3 M9
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• Nécessite une double expertise en parallèle: 

NeuroOncologue et MPR

Démarche dg

-dg étiologique

-évaluation des déficiences (physiques, cognitives), 

limitations d’activité et restrictions de participation

Proposition thérapeutique

-traitement (Xie, CT, RT)

-selon déficiences, pronostic, phase de ttt, environnement, 

attentes du patient

Intervention (rééducation, réadaptation, réinsertion)

maintenir les acquis, prévenir les complications, optimiser autonomie et QoL

Comment?

En pratique

pluridisciplinaire

réseaux de santé
filière de soins

personnalisé

individualisé

DEFICIENCE

ACTIVITE

PARTICIPATION C
O

N
T

E
X

T
E



médecin de MPR 
équipe de rééducation

kinésithérap ie
orthophonie

ergothérap ie

neuropsyc holog ie 

psyc holog ie c linique

servic e soc ia l
d iététic ien

APA

• Les ressources

-PEC libérale / unités (neuro)oncologiques / soins de 

support

-unités ou centres de rééducation et réadaptation 

fonctionnelle
modalités: cs, unité mobile, HJ, HS, HC, HAD-R

-ressources sanitaires et médico-sociales structurées
réseau cancérologique, MDPH, soins palliatifs, HAD, SAMSAH

Comment?

En pratique

MPR



Qui? Quand? Pourquoi? 

• Qui et Quand?
Proposition possible à toutes les phases de la maladie

• Pourquoi?
Objectifs différents selon le pronostic et le stade évolutif:

curatifs

fonctionnels et palliatifs

de confort en fin de vie

En pratique
DEFICIENCE

ACTIVITE

PARTICIPATION C
O

N
T

E
X

T
E

Rééducation cognitive

Rééducation physique

Rééducation langage et 

communication

Rééducation déglutition

Rééducation neuro-périnéale

Bien être, plaisir

Soins de Support

Evaluation sociale

Evaluer
Ré-évaluer

Ajuster
Ré-ajuster

sur mesure

MPR MPR

AVC like
évolution plutôt favorable

incertitude/inconfort
évolution non maitrisée

pronostic fonctionnel / vital



Qui? Quand? Pourquoi? 

En pratique
DEFICIENCE

ACTIVITE

PARTICIPATION C
O

N
T

E
X

T
E

Evaluer

Ré-évaluer

Ajuster
Ré-ajuster

sur mesure

MPR MPR

AVC like
évolution plutôt favorable

incertitude/inconfort
évolution non maitrisée

pronostic fonctionnel / vital

Temps

F
o

n
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ti
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n

MPR
MPR

MPR



Quelle(s) réhabilitation(s)?
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psychiatry/psychology, speech language pathology, and 

occupational therapy help to com anage cognitive and 

em otional sym ptom s.

Conclusion

As advances in molecular characterization and improve-

ment in treatment extend survival for LrGG patients, 

increasing attention is being paid to cognitive outcomes 

and their effect on HRQOL. Impairments in attention, 

processing speed, learning and memory, executive func-

tioning, and language, commonly experienced by pa-

tients w ith LrGG, often reduce their HRQOL. Results of 

emerging research of cognitive rehabilitation hold promise 

for addressing these concerns in LrGG, though there are a 

number of lim itations. Establishing the natural history of 

cognition over the LrGG disease trajectory is challenged 

by methodological variability in the literature w ith a lack 

of uniform cognitive test batteries, difficulty with study 

attrition, and smaller sample sizes of heterogeneous 

histologies captured at varying time points.20 As neuro-

oncology moves toward an integrated diagnosis of molec-

ular characterization w ith histology, there are even fewer 

data establishing these trajectories among molecular 

subtypes.

The efficacy and generalizability of cognitive rehabilita-

tion strategies are also confounded by variability in test 

batteries and assessment intervals, lack of control groups, 

and lim ited data from randomized trials.111 These lim itations 

complicate our ability to develop a consensus regarding 

the cognitive needs and related treatments for brain tumor 

patients, and optim izing tim ing for intervention.111 Recently 

published guidelines for standardizing neuropsychological 

endpoints across cancer,112 including neuro-oncology,113 

highlight the importance of addressing these issues and 

provide foundational work for investigating cognitive re-

habilitation approaches in LrGG. Establishing more pro-

spective data to optim ize cognitive rehabilitation strategies 

and the tim ing of intervention (including strategies for 

network-based impairments) aligns w ith the increasing 

focus on cancer survivorship (including the development 

of survivorship care plans in neuro-oncology).114 Current 

challenges to implementation include a scarcity of quali-

fied rehabilitation providers, lack of awareness about the 

role of cognitive rehabilitation, payer source issues, and 

underdetection and treatment of compounding mood and 

cognitive issues. Future considerations include systematic 

cognitive screening and development of novel telehealth 

  

Acquisition Application

Presumed
pretumor baseline

Tumor
development

Tumor treatment Rehab

Environmental

demands and

expectations

Environmental

interaction strategies

Adaptation

Cognitive gap Cognitive gap

narrows with rehab

Possible improvement
with treatment, followe d

by slow decline

Skills

Cognitive gap widens 

with tumor development 

and treatment

Figure 3. Schema of Longitudinal Trajectory of Cognitive Impairment Across Disease Trajectory.  

The blue line represents environmental demands and expectations such as work, school, and family responsibilities. The green line depicts the 

patient’s current cognitive skills such as attention/concentration, processing speed, memory, and executive functioning. The gray space between 

environmental demands and cognitive skills is the cognitive gap. The gap is narrow at “Presumed pretumor baseline”  because the patient is well 

equipped with cognitive skills to manage his or her environmental demands and expectations. During “Tumor development,”  the gap widens as 

skills decline and demands increase. The gap widens further with “Tumor treatment”  given that the impact of surgery, radiotherapy, and chemo-

therapy on cognitive skills and environmental demand increases with factors such as returning to work after treatment. The dotted green line re-

flects natural recovery of cognitive skills after surgery. With “Rehab,”  the gap is narrowed by improving cognitive skills using the Triple A model. 

Concurrently, environmental demands and expectations are decreased through environmental interaction strategies such as work accommoda-

tion, school accommodation, and managing family and patient performance expectations.  
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Abstract

Outcomes for patients with lower-grade gliomas (LrGGs) continue to improve with advances in molecular charac-

terization and treatment. However, cognitive sequela from the tumor and its treatment leave a significant impact 

on health-related quality of life for these patients. Several factors affect each patient’s cognition, such as tumor 

location, treatment, medication, and comorbidities. However, impairments of processing speed, attention, con-

centration, working memory, and executi ve function are common across LrGG patients. Cognitive rehabilitation 

strategies, well established in traumatic brain injury and stroke populations, are based on neural plasticity and 

functional reorganization. Adapting these strategies for implementation in patients with brain tumors is an active 

area of research. This article provides an overview of cognitive domains commonly impaired in LrGG patients and 

evidence for the use of cognitive rehabilitation strategies to address these impairments with the goal of improving 

health-related quality of life in this patient population.
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Survival for patients with lower-grade diffuse gliomas (LrGGs)–

grades II and III—is improving, w ith a median survival of 5 

to 15 years1–5 depending on molecular subtype.6,7 However, 

these tumors and their related treatments often lead to sig-

nificant objective and subjective cognitive impairments8–13 

that negatively affect patients’ health-related quality of life 

(HRQOL).14 The reported prevalence of cogniti ve impairments 

in LrGG varies widely.15 At presentation, before any treatment 

(including surgery), 31% to 75% of patients report cognitive 

impairments11,16 and these are more common with dominant 

hemispheric lesions.17 Though some cognitive recovery usu-

ally occurs within 3 to 6 months of surgery,18–20 19% to 83% of 

LrGG patients remain impaired or decline further.11,15,21,22

The mechanisms of cognitive impairment in brain tumors, 

including LrGGs, are multifactorial (Figure 1). The impact of the 

tumor and its associated treatments can lead to the functional 

disruption of distributed cognitive networks.10,23–27 Tumor bi-

ology, extent of edema, tumor volume, and higher grade 

have been linked to brain tumor–related cognitive impair-

ment.8,10,11 Isocitrate dehydrogenase mutation, a feature com-

monly seen in LrGG, correlates with fewer cognitive deficits 

at presentation and slower lesion momentum over time.10 

Standard adjuvant tumor treatments, such as radiotherapy 

and chemotherapy, are associated with diminished cogni-

tion. Radiotherapy affects both the cerebral vasculature and 

white-matter tracts contributing to demyelination, thickening 

Review

Cognitive impact of lower-grade gliomas and strategies 

for rehabilitation  

117117

D
o

w
n
lo

a
d

e
d
 fro

m
 h

ttp
s
://a

c
a

d
e

m
ic

.o
u

p
.c

o
m

/n
o

p
/a

rtic
le

/8
/2

/1
1

7
/5

9
5

5
9
6

8
 b

y
 IN

S
E

R
M

 u
s
e
r o

n
 1

9
 F

e
b

ru
a
ry

 2
0
2

3

Réhabilitation:
multidisciplinaire

efficace et faisable 

pas de consensus sur timing optimal: stabilité médicale, après RT

Objectif: 

réduire gap entre attentes/demandes et capacités/habiletés
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A B S T R A C T

Background

Brain tumourscan causesignificant disability, which may beamenableto multidisciplinary rehabilitation. However, theevidencebase

for thisisunclear.

Objectives

To assess the effectivenessof multidisciplinary rehabilitation in adults after primary brain tumour treatment, especially the typesof

approachesthat areeffective(settings, intensity) and theoutcomesthat areaffected.

Search methods

Wesearched theCochraneNeuromuscular DiseaseGroup Specialized Register (March week 2, 2012), TheCochraneCentral Register

of Controlled Trials(CENTRAL, TheCochraneLibrary Issue3, 2012), MEDLINE (1966 to March week 2, 2012), EMBASE (1980

to March week 2, 2012), PEDro (1982 to March 2012) and LILACS(1982 to March week 2, 2012). Wechecked thebibliographies

of papersidentified and contacted theauthorsand known expertsin thefield to seek published and unpublished trials.

Selection criteria

Controlled clinical trials (randomised and non-randomised clinical trials) that compared multidisciplinary rehabilitation in primary

brain tumour with either routinely available local servicesor lower levelsof intervention, or studies that compared multidisciplinary

rehabilitation in different settingsor at different levelsof intensity.

Data collection and analysis

Threereview authorsindependently assessed study quality, extracted dataand performed a ’best evidence’ synthesisbased on method-

ological quality.

Main results

No randomised controlled trials(RCTs) or controlled clinical trials(CCTs) wereidentified.

1Multidisciplinary rehabilitation after primary brain tumour treatment (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John W iley & Sons, Ltd.
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Objective: To evaluate effectiveness of a multidisciplinary 

rehabilitation program for persons following defini tive pri-

mary brain tumour treatment in a community cohort. 

M ethods: The brain tumour (glioma) survivors (n = 106) 

were allocated either to the treatment group (n = 53) (in-

tensive ambulatory multidisciplinary rehabilitation), or the 

waitlist control group (n = 53). The primary outcome – Func-

tional I ndependence M easure (FI M ), measured ‘Activity’ 

limitation; secondary measures included Depression, Anxi-

ety Stress Scale, Perceived I mpact Problem Profile  and Can-

cer Rehabilitation Evaluation System. Assessments were at 

baseline, 3 and 6 months after program completion.

Results: Participants were predominantly women (56% ), 

with mean age 51 years (standard deviation 13.6) and median  

time since diagnosis of 2.1 years. I ntention-to-treat analysis 

showed a signific

a

nt  difference between groups at 3-month 

in favour of multidisciplinary rehabilitation program in 

FI M  motor subscales: ‘self-care’ , ‘sphincter ’ , ‘ locomo-

tion’ , ‘mobility’(p < 0.01 for all); and FI M  ‘communication’ 

(p < 0.01) and ‘psychosocial’ subscales (p < 0.05), with small 

to moderate effect size (r = 0.2–0.4). At 6-month follow-up, 

signific

a

nt  improvement in the treatment group was main-

tained only for FI M  ‘sphincter ’ , ‘communication’ and ‘cog-

nition’ subscales (p < 0.01 for all). No difference between 

groups was noted in other subscales. 

Conclusions: brain tumour survivors can improve function 

with multidisciplinary rehabilitation, with some gains main-

tained up to 6 months. Evidence for specific interventions in 

the ‘blackbox’ of rehabilitation is needed. 

Key words: brain tumour; rehabilitation; participation; quality 

of life; function.
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INTRODUCTION 

Primary brain tumours (BT) account for 2% of all cancers 

(1) and affect 7 per 100,000 population worldwide annually 

(2). The overall incidence of BT has increased, especially in 

patients over 60 years of age (3). In Australia, the estimated 

number of new cases of BT are approximately 1,400 per an-

num; and over 1,200 deaths annually (4). BT can be a source of 

socioeconomic implications with increased demand for health 

care, social and vocational services; and caregiver burden. 

Current therapeutic advances in the treatment of BT have 

resulted in improved survivorship (5, 6). The mainstay of 

treatment is maximal safe surgical resection of the tumour fol-

lowed by radiation therapy and chemotherapy as indicated (3, 

6). These treatment regimens can produce adverse effects (7). 

medium to longer-term functional and psychosocial impair-

ments that limit daily activity and participation (6, 7). 

example, BT related ‘impairments’ (headaches, seizures, neuro-

cognitive dysfunction, paresis, dysphasia), can limit ‘activity’ 

(decreased mobility, inability to self-care) and ‘participation’ 

One study reported that a quarter of the adult survivors of child-

their matched counterparts (10). These disabilities can have 

a cumulative effect over time and cause considerable distress 

to the cancer survivors and their families, and reduce quality 

are confronted by various ongoing concerns (relationship, 

employment, recurrence) in the medium to longer-term (11). 

with increased care needs, inability to return to driving and 
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Intervention multidisciplinaire ambulatoire 
intensive 6 à 8 s

Amélioration de l’autonomie à 3 mois
Amélioration interactions psycho-sociales, 

communication et habiletés cognitives 
(résolution de problème, mémoire) maintenue 
à 6 mois
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Abstract

Outcomes for patients w ith lower-grade gliomas (LrGGs) continue to improve w ith advances in molecular charac-

terization and treatment. However, cognitive sequela from the tumor and its treatment leave a significant impact 

on health-related quality of life for these patients. Several factors affect each patient’s cognition, such as tumor 

location, treatment, medication, and comorbidities. However, impairments of processing speed, attention, con-

centration, working memory, and executive function are common across LrGG patients. Cognitive rehabilitation 

strategies, well established in traumatic brain injury and stroke populations, are based on neural plasticity and 

functional reorganization. Adapting these strategies for implementation in patients w ith brain tumors is an active 

area of research. This article provides an overview of cognitive domains commonly impaired in LrGG patients and 

evidence for the use of cogniti ve rehabilitation strategies to address these impairments w ith the goal of improving 

health-related quality of life in this patient population.

Keywords

cognitive outcomes | cogniti ve rehabilitation | low -grade glioma | neurocogniti ve outcomes |  

primary brain tumor

Survival for patients w ith lower-grade diffuse gliomas (LrGGs)–

grades II and III—is improving, w ith a median survival of 5 

to 15 years1–5 depending on molecular subtype.6,7 However, 

these tumors and their related treatments often lead to sig-

nificant objective and subjective cognitive impairments8–13 

that negatively affect patients’ health-related quality of life 

(HRQOL).14 The reported prevalence of cognitive impairments 

in LrGG varies w idely.15 At presentation, before any treatment 

(including surgery), 31% to 75% of patients report cognitive 

impairments11,16 and these are more common w ith dominant 

hemispheric lesions.17 Though some cognitive recovery usu-

ally occurs w ithin 3 to 6 months of surgery,18–20 19% to 83% of 

LrGG patients remain impaired or decline further.11,15,21,22

The mechanisms of cognitive impairment in brain tumors, 

including LrGGs, are multifactorial (Figure 1). The impact of the 

tumor and its associated treatments can lead to the functional 

disruption of distributed cognitive networks.10,23–27 Tumor bi-

ology, extent of edema, tumor volume, and higher grade 

have been linked to brain tumor–related cognitive impair-

ment.8,10,11 Isocitrate dehydrogenase mutation, a feature com -

monly seen in LrGG, correlates w ith fewer cognitive deficits 

at presentation and slower lesion momentum over time.10 

Standard adjuvant tumor treatments, such as radiotherapy 

and chemotherapy, are associated w ith dim inished cogni-

tion. Radiotherapy affects both the cerebral vasculature and 

white-matter tracts contributing to demyelination, thickening 
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distributed functional netw orks and intact w hite-m atter 

tracts, rather than highly localized cogniti ve skills.52 

LrGG patients com m only dem onstrate cogniti ve im pair-

m ents in attention and concentration,52,53 processing 

speed,14,21,52 learning and m em ory,14,54 and executive 

functions.14,20,21,53 Recent studies of cognit ive rehabil ita-

tion strategies to address these im pairm ents have dem -

onstrated feasibi l i ty and effi cacy in patients w ith brain 

tum ors (Table 1).35,36,46–50,55–60 How ever, there are lim ited 

studies in LrGG patients alone because m ost studies in-

clude a m ixture of low- and high-grade gliom as, as w ell 

as m eningiom as and m etastatic lesions.55,56 The fol-

low ing is an overview  of the m ost com m on cognit ive 

im pairm ents and related rehabili tation strategies used in 

brain tum ors w ith an em phasis on data relevant to pa-

tients w ith LrGG. Though w e focus on im provem ent in 

the targeted cogniti ve dom ain, studies support im prove-

m ents across m ultiple cogniti ve dom ains after rehabili -

tation, as refl ected in Table 1.48 We also discuss practical 

considerations for im plem entation.

Attent ion/Concentrat ion

A m ajority of everyday functions rely on one’s ability 

to direct, divide, and sustain attention to aid task com -

pletion.63 Attentional abili t ies interact w ith m any other 

cognitive dom ains, and im provem ents in attention can 

increase overall cognit ive processing.64 Selective at-

tention, or the abili ty to focus on chosen stim uli w hile 

ignoring distractions, is often susceptible to effects of 

brain disorders, including tum ors.63,65 Other aspects of 

attention, such as sustaining a state of m ental concen-

tration over a period of t im e and/or dividing attention be-

tw een tasks, are also m ore challenging follow ing brain 

disease or injury.63

Attention often declines after glioma surgery,17 and 

though there is evidence suggesting improvement by 3 

to 6 months,9 deficits persist and recovery to presurgical 

baselines can be tenuous. A variety of treatments and 

other issues common to brain tumor patients negatively 

affect attention and concentration, including radiotherapy. 

A study of low-grade glioma patients treated w ith ra-

diotherapy vs not found a significant decline in atten-

tion w ith a mean follow-up of 12 years after diagnosis.66 

Some antiepileptic drugs are associated w ith impairments 

in attention.67 Fatigue and low mood, reported in 42% of 

low-grade glioma patients follow ing surgery,13 can also 

contribute to dim inished arousal and vigilance, which are 

needed for attentional focus.68,69

To address attentional issues, emerging studies in brain 

tumor populations support a combination of cognitive 

retraining and compensatory strategy training,35,36,70–72 

such as fatigue m anagem ent, relaxation strategies, and 

pacing education, along w ith focus on self-awareness 

and problem solving to reduce attentional lapses.36,73,74 

Several studies have demonstrated feasibility w ith cog-

nitive retraining and compensatory strategy training 

in LrGG patients w ith positive cognitive outcomes.47,48 

A randomized controlled trial of 6 weekly cogniti ve reha-

bilitation sessions (2 hours of combined retraining and 

compensatory strategy training) vs a waiting-list control 

group in LrGG demonstrated improvements in brief atten-

tion (and verbal memory) at 6 months post intervention.47 

Attention-retraining techniques in this study focused on 

sustained, selective, alternating, and divided attention, 

whereas compensatory strategy training (didactic and 

experiential learning) focused on cognitive education, 

improving awareness, and relaxation strategies.47 An ad-

ditional study of combined retraining and compensatory 

strategies in patients w ith high- and low-grade gliom a 

  

Acquisition

Application

Adaptation

•  Promote transfer of training to less str uctured and

more novel tasks to improve daily functioning

•  Can include environmental modification, medication 

management,cooking, community na vigation, etc.

•  Learning to apply adaptive strategies in simulated or

simple situations to improve cognition

•  Goal management training, time pressure management,

calendaring, coping skills, etc.

•  Personalized education based on testing assessment, to better

understand how to harness strengths and purpose of treatment

•  Focus on reducing cognitive fatigue and improving awareness

Figure 2. The “Triple A”  Model of Cognitive Rehab: 1, Acquisition ; 2, Application ; and 3, Adaptation.
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Table 1. Cognitive Rehabilitation Studies in Gliomas

Reference Study design and 

intervention

Targeted cognitive 

domain(s)

Outcome Sample

Combined cognitive 

retraining and compen-

sation strategies

Gehring 

et al, 200947

RCT in lower-grade 

gliomas

Attention, executive 

functioning, learning, and 

memory

At 6 mo: improved 

attention, verbal 

memory, and 

mental fatigue

Total = 140

  Intervention: 2 h 

weekly for 6 sessions 

including iPad app

  Low-grade 

glioma = 117

  Control: wait-list   Anaplastic 

glioma = 23

 van der 

Linden et al, 

201848

Feasibility RCT in 

postoperative primary 

brain tumors

Attention, executive 

functioning, learning, and 

memory

Feasibility: 54% met 

feasibility criteria 

defined as ≥ 80% 

completion of 

retraining and com-

pensation strategies

Total = 13

  Intervention: 3 h 

weekly for 10 sessions 

using iPad

  Low-grade 

glioma = 4

  Control: wait-list   Meningioma = 7

     Other = 2

 Zucchella 

et al, 201349

RCT in primary 

brain tumors 

postoperatively

Orientation, attention, 

memory, and executive 

functioning

At 1 mo: improved 

verbal memory, 

visual attention

Total = 53

  Intervention: 4 h 

weekly for 16 sessions

  Low-grade 

glioma = 7

  Control: usual care 

without cognitive 

training

  High-grade 

glioma = 25

     Meningioma = 16

     Other = 5

Compensation  

strategies

Hassler 

et al, 201059

Pilot study in glio-

blastomas and 

anaplastic gliomas

Perception, concentration, 

attention, verbal learning 

and memory, retentive-

ness, and creativity

At 12 wk: improved 

verbal learning

Total = 11

  Intervention: 10 group 

sessions of 90 min of 

compensation (holistic 

mnemonic training)

  Glioblastoma = 7

     Anaplastic 

glioma = 4

 Locke et al, 

200860

Primary brain tumors 

undergoing radiation 

with caregivers

Executive functioning, 

learning and memory

At 3 mo: 88% 

patients using strat-

egies at least once 

per wk

Total = 13

  Intervention: 50 min 

daily for 6 sessions 

of cognitive rehabil-

itation and problem-

solving therapy 

intervention

  Glioma = 11

  Control: usual care 

without cognitive 

training

  Meningioma = 2

 Miotto et al, 

201361

Pilot study in un-

treated primary frontal 

lobe tumors

Verbal learning and 

memory, working 

memory, executive 

functioning

At 30 min: improved 

verbal memory

Total = 21

  Intervention: 30 min of 

strategic semantic or-

ganizational training

  Glioma = 12
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Table 1. Cognitive Rehabilitation Studies in Gliomas

Reference Study design and 

intervention

Targeted cognitive 

domain(s)

Outcome Sample

Combined cognitive 

retraining and compen-

sation strategies

Gehring 

et al, 200947

RCT in lower-grade 

gliomas

Attention, executive 

functioning, learning, and 

memory

At 6 mo: improved 

attention, verbal 

memory, and 

mental fatigue

Total = 140

  Intervention: 2 h 

weekly for 6 sessions 

including iPad app

  Low-grade 

glioma = 117

  Control: wait-list   Anaplastic 

glioma = 23

 van der 

Linden et al, 

201848

Feasibility RCT in 

postoperative primary 

brain tumors

Attention, executive 

functioning, learning, and 

memory

Feasibility: 54% met 

feasibility criteria 

defined as ≥ 80% 

completion of 

retraining and com-

pensation strategies

Total = 13

  Intervention: 3 h 

weekly for 10 sessions 

using iPad

  Low-grade 

glioma = 4

  Control: wait-list   Meningioma = 7

     Other = 2

 Zucchella 

et al, 201349

RCT in primary 

brain tumors 

postoperatively

Orientation, attention, 

memory, and executive 

functioning

At 1 mo: improved 

verbal memory, 

visual attention

Total = 53

  Intervention: 4 h 

weekly for 16 sessions

  Low-grade 

glioma = 7

  Control: usual care 

w ithout cognitive 

training

  High-grade 

glioma = 25

     Meningioma = 16

     Other = 5

Compensation  

strategies

Hassler 

et al, 201059

Pilot study in glio-

blastomas and 

anaplastic gliomas

Perception, concentration, 

attention, verbal learning 

and memory, retentive-

ness, and creativity

At 12 wk: improved 

verbal learning

Total = 11

  Intervention: 10 group 

sessions of 90 min of 

compensation (holistic 

mnemonic training)

  Glioblastoma = 7

     Anaplastic 

glioma = 4

 Locke et al, 

200860

Primary brain tumors 

undergoing radiation 

w ith caregivers

Executive functioning, 

learning and memory

At 3 mo: 88% 

patients using strat-

egies at least once 

per wk

Total = 13

  Intervention: 50 min 

daily for 6 sessions 

of cognitive rehabil-

itation and problem-

solving therapy 

intervention

  Glioma = 11

  Control: usual care 

w ithout cognitive 

training

  Meningioma = 2

 Miotto et al, 

201361

Pilot study in un-

treated primary frontal 

lobe tumors

Verbal learning and 

memory, working 

memory, executive 

functioning

At 30 min: improved 

verbal memory

Total = 21

  Intervention: 30 min of 

strategic semantic or-

ganizational training

  Glioma = 12
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Table 1. Cognitive Rehabilitation Studies in Gliomas

Reference Study design and 

intervention

Targeted cognitive 

domain(s)

Outcome Sample

Combined cognitive 

retraining and compen-

sation strategies

Gehring 

et al, 200947

RCT in lower-grade 

gliomas

Attention, executive 

functioning, learning, and 

memory

At 6 mo: improved 

attention, verbal 

memory, and 

mental fatigue

Total = 140

  Intervention: 2 h 

weekly for 6 sessions 

including iPad app

  Low-grade 

glioma = 117

  Control: wait-list   Anaplastic 

glioma = 23

 van der 

Linden et al, 

201848

Feasibility RCT in 

postoperati ve primary 

brain tumors

Attention, executive 

functioning, learning, and 

memory

Feasibility: 54% met 

feasibility criteria 

defined as ≥ 80% 

completion of 

retraining and com-

pensation strategies

Total = 13

  Intervention: 3 h 

weekly for 10 sessions 

using iPad

  Low-grade 

glioma = 4

  Control: wait-list   Meningioma = 7

     Other = 2

 Zucchella 

et al, 201349

RCT in primary 

brain tumors 

postoperati vely

Orientation, attention, 

memory, and executive 

functioning

At 1 mo: improved 

verbal memory, 

visual attention

Total = 53

  Intervention: 4 h 

weekly for 16 sessions

  Low-grade 

glioma = 7

  Control: usual care 

w ithout cognitive 

training

  High-grade 

glioma = 25

     Meningioma = 16

     Other = 5

Compensation  

strategies

Hassler 

et al, 201059

Pilot study in glio-

blastomas and 

anaplastic gliomas

Perception, concentration, 

attention, verbal learning 

and memory, retentive-

ness, and creativity

At 12 wk: improved 

verbal learning

Total = 11

  Intervention: 10 group 

sessions of 90 min of 

compensation (holistic 

mnemonic training)

  Glioblastoma = 7

     Anaplastic 

glioma = 4

 Locke et al, 

200860

Primary brain tumors 

undergoing radiation 

w ith caregivers

Executive functioning, 

learning and memory

At 3 mo: 88% 

patients using strat-

egies at least once 

per wk

Total = 13

  Intervention: 50 min 

daily for 6 sessions 

of cognitive rehabil-

itation and problem-

solving therapy 

intervention

  Glioma = 11

  Control: usual care 

w ithout cognitive 

training

  Meningioma = 2

 M iotto et al, 

201361

Pilot study in un-

treated primary frontal 

lobe tumors

Verbal learning and 

memory, working 

memory, executive 

functioning

At 30 m in: improved 

verbal memory

Total = 21

  Intervention: 30 min of 

strategic semantic or-

ganizational training

  Glioma = 12
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3 études n = 206 patients LrGG

5 études n = 79 patients LrGG/glioblastome

2 études n = 54 patients 
LrGG/glioblastome/méningiome/astrocytome

✅ [30 mn – 6 mois]
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and meningioma after surgery found significant improve-

ments in visual attention (and verbal memory) at 1 month 

post intervention compared to a control group.49 The 

compensatory strategies in the latter study were modeled 

after work by Cicerone et al35 w ith metacognitive training 

(see “ Executive Functioning”  for more details) and 

     Meningioma = 9

 Miotto et al, 

201462

Pilot study in low-

grade glioma of left 

frontal lobe

Verbal learning and 

memory

At 30 min: improved 

verbal memory

Total = 9

  Intervention: 30 min of 

strategic semantic or-

ganizational training

  Low-grade 

glioma = 9

  Control: matched 

healthy volunteers

   

 Richard 

et al, 201957

Pilot RCT in brain 

tumors

Executive and related 

attention, memory, and 

behavioral impairments

At 4 mo: improved 

HRQOL, executive 

function, processing 

speed

Total = 25

  Intervention: 2 h 

weekly for 8 sessions 

(GMT or BHP)

  Low-grade 

glioma = 8

  Control: wait-list   High-grade 

glioma = 6

     Meningioma = 7

     Other = 4

Cognitive retraining Maschio 

et al, 201546

Pilot study in brain 

tumors

Memory, attention, vis-

uospatial functions, lan-

guage, and reasoning

Immediately and 

at 6 mo: improved 

attention, memory, 

and verbal fluency

Total = 16

  Intervention: 1 h 

weekly retraining for 

10 sessions

  Low-grade 

glioma = 5

     Anaplastic 

glioma = 4

     Glioblastoma = 2

     Meningioma = 2

     Metastases = 3

 Yang et al, 

201458

RCT VR for retraining 

in brain tumors

Attention, learning, and 

memory

At 1 mo: improved 

attention, memory, 

and visual motor 

coordination, 

visual learning, and 

memory

Total = 38

  Intervention: 1.5 h 

weekly VR retraining 

and 1 h weekly 

computer-assisted 

cognitive rehabilita-

tion for 4 wks

  Astrocytoma = 2

  Control: 2.5 h weekly 

of computer-assisted 

cognitive rehabilita-

tion for 4 wk

  Glioblastoma = 5

     Meningioma = 10

     Metastasis = 6

     Other = 15

Abbreviations: BHP, Brain Health Program; GMT, Goal Management Training; HRQOL, health related quality of life; RCT, randomized controlled trial; 

VR, virtual reality.

  

  

Table 1. Continued

Reference Study design and 

intervention

Targeted cognitive 

domain(s)

Outcome Sample
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SYSTEMATIC REVIEW

Evidence-Based Cognit ive Rehabili tat ion: Systematic

Review of the Literature From 2009 Through 2014

Keith D. Cicerone, PhD,a,b Yelena Goldin, PhD,a,b Keith Ganci, PhD,c

Amy Rosenbaum, PhD,d Jennifer V. Wethe, PhD,e Donna M. Langenbahn, PhD,f,g

James F. Malec, PhD,e,h Thomas F. Bergquist, PhD,e Kristine Kingsley, PsyD,f,g

Drew Nagele, PsyD,i,j Lance Trexler, PhD,h,k Michael Fraas, PhD,l

Yelena Bogdanova, PhD,m,n J. Preston Harley, PhDo

From the aCognitive Rehabilitation Department, John F. Kennedy Johnson Rehabilitation Institute, Hackensack Meridian Health System,

Edison, New Jersey; bDepartment of Physical Medicine and Rehabilitation, Robert Wood Johnson Medical School, Rutgers University, New

Brunswick, New Jersey; cCharlotte Center for Neuropsychological Services, Charlotte, North Carolina; dTraumatic Brain Injury Program, Park

Terrace Care Center, Rego Park, New York; eDepartment of Psychiatry and Psychology, Mayo Clinic College of Medicine and Science, Rochester,

Minnesota and Phoenix, Arizona; fRusk Rehabilitation New York University Langone Health, New York City, New York; gNew York University

School of Medicine, New York City, New York; hDepartment of Physical Medicine and Rehabilitation, Indiana University School of Medicine,

Indianapolis, Indiana; iBeechwood NeuroRehab, Langhorne, Pennsylvania; jDepartment of Rehabilitation Neuropsychology, Rehabilitation

Hospital of Indiana, Indianapolis, Indiana; kA. Philadelphia College of Osteopathic Medicine, Philadelphia, Pennsylvania; lDepartment of

Communication Sciences and Disorders, Western Washington University; Bellingham, Washington; mDepartment of Psychiatry, Boston

University School of Medicine, Boston, Massachusetts; nVeterans Affairs Boston Healthcare System, Jamaica Plain Division, Boston,

Massachusetts; and oAdvocate Christ Medical Center, Oak Lawn, I llinois, the United States.

Abstract

Object ives: To conduct an updated, systematic review of the clinical literature, classify studies based on the strength of research design, and

derive consensual, evidence-based clinical recommendations for cognitive rehabilitation of people with traumatic brain injury (TBI) or stroke.

Data Sources: Online PubMed and print journal searches identified citations for 250 articles published from 2009 through 2014.

Study Select ion: Selected for inclusion were 186 articles after initial screening. Fifty articles were initially excluded (24 focusing on patients

without neurologic diagnoses, pediatric patients, or other patients with neurologic diagnoses, 10 noncognitive interventions, 13 descriptive

protocols or studies, 3 nontreatment studies). Fifteen articles were excluded after complete review (1 other neurologic diagnosis, 2 nontreatment

studies, 1 qualitative study, 4 descriptive articles, 7 secondary analyses). 121 studies were fully reviewed.

Data Extract ion: Articleswerereviewedby theCognitiveRehabilitationTask Force(CRTF) membersaccordingtospecificcriteriafor study designand

quality, and classified asproviding classI, classII, or classIII evidence. Articleswereassigned to 1 of 6 possiblecategories(based on interventionsfor

attention, vision and neglect, languageand communication skills, memory, executive function, or comprehensive-integrated interventions).

Data Synthesis: Of 121 studies, 41 were rated asclass I, 3 as class Ia, 14 as class II, and 63 asclass III. Recommendations were derived by CRTF

consensus from the relative strengths of the evidence, based on the decision rules applied in prior reviews.

Conclusions: CRTFhasnow evaluated 491 articles(109classI or Ia, 68 classII, and 314 classIII) and makes29 recommendationsfor evidence-based

practice of cognitive rehabilitation (9 Practice Standards, 9 Practice Guidelines, 11 Practice Options). Evidence supports Practice Standards for (1)

attentiondeficitsafter TBI or stroke; (2) visual scanning for neglect after right-hemispherestroke; (3) compensatory strategiesfor mildmemory deficits;

(4) languagedeficitsafter left-hemispherestroke; (5) social-communicationdeficitsafter TBI; (6) metacognitivestrategy trainingfor deficitsinexecutive

functioning; and (7) comprehensive-holistic neuropsychological rehabilitation to reducecognitive and functional disability after TBI or stroke.

Archivesof Physical Medicineand Rehabilitation 2019;100:1515-33
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1p/19q-codeleted oligodendroglial tumours, but also occur 

in a minor subset of IDH-mutant astrocytic gliomas and   

most IDH-wild-type glioblastomas. High-throughput 

assays based on next generation sequencing or microarray 

techniques might soon replace single marker assessments. 

Diagnostic algorithms for patients with glioma should be 

standardised and should not delay radiotherapy or 

tumour-specific pharmacotherapy.

Figure 1 shows a commonly used approach for 

differential diagnostic work-up after histological analysis: 

the tumours are assessed by immunohistochemistry for 

the IDH1-R132H  mutation and loss of nuclear ATRX 

protein expression. In the case of diffuse gliomas located 

in midline structures (thalamus, brain stem, and spinal 

cord), immunostaining for the histone H3-K27M 

mutation characterises diffuse midline glioma, histone 

H3-K27M-mutant. After immuno histochemistry, mol-

ecular analyses for less common IDH1 codon 

132 mutations (other than R132H), or IDH2 codon 172 

mutations (eg, by DNA sequencing), and for codeletion of 

chromosomal arms 1p and 19q (eg, by fluorescent in-situ 

hybridisation or microsatellite PCR-based loss of 

heterozygosity analyses) are done according to the 

individual immunohistochemistry results. IDH  mutation 

and loss of nuclear ATRX expression classify IDH-mutant 

astrocytic gliomas (figure 1). Additional molecular testing 

for 1p/19q codeletion is not routinely required but might 

be performed to further substantiate the diagnosis (eg, in 

cases with ambigous histology). In patients older than 

55 years at diagnosis, with a histologically typical 

glioblastoma, without a pre-existing lower grade glioma 

and with non-midline tumour location, immuno histo-

chemical negativity for IDH1-R132H expression is 

sufficient for classification as glioblastoma, IDH-wild-

type (figure 1). In all other diffuse gliomas, absence of 

IDH1-R132H immunopositivity should be followed by 

Figure 1: Diagnostic algorithm for integrated classification of diffuse astrocytic and oligodendroglial gliomas, including glioblastoma

IDH1-R132H-mutant Nuclear ATRX lost

IDH1-R132H-mutant Nuclear ATRX retained

IDH1-R132H-wild-type Nuclear ATRX retained

IDH1-R132H-wild-type Nuclear ATRX lost

IDH1-R132H-wild-type H3-K27M-mutant

Midline tumour location

Diffuse or anaplastic astrocytoma, IDH-mutant, or 

glioblastoma, IDH-mutant

1p/19q-

non-codeleted

Diffuse or anaplastic astrocytoma, IDH-mutant, or 

glioblastoma, IDH-mutant

1p/19q-

non-codeleted

Oligodendroglioma or anaplastic oligodendroglioma, 

IDH-mutant and 1p/19q-codeleted

1p/19q-

codeleted

Diffuse or anaplastic astrocytoma, IDH-mutant, or 

glioblastoma, IDH-mutant

1p/19q-

codeleted

Oligodendroglioma or anaplastic oligodendroglioma, 

IDH-mutant and 1p/19q-codeleted

1p/19q-

non-codeleted

IDH-

mutant

Diffuse or anaplastic astrocytoma, IDH-wild-type, or

glioblastoma, IDH-wild-type  

Glioblastoma, IDH-wild-type

IDH-

wild-type

Diffuse or anaplastic astrocytoma, IDH-wild-type, or

glioblastoma, IDH-wild-type 

Diffuse or anaplastic astrocytoma, IDH-mutant, or 

glioblastoma, IDH-mutant

1p/19q-

non-codeleted

IDH-

mutant

IDH-

wild-type

glioblastoma histology

aged over 55 years

Diffuse midline glioma, H3-K27M-mutant

Immunohistochemistry Integrated diagnosesIDH1/2 

sequencing

1p/19q testing
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of vessel walls, focal mineralization, and coagulati ve ne-

crosis.25 These changes have been linked to cogniti ve 

decline that may continue to evolve several years after ra-

diotherapy.28,29 Chemotherapy also has neurotoxic effects 

on cognition through development of acute and chronic 

encephalopath y.25,30 In a rodent study of temozolomide, 

a commonly used alkylating agent in glioma treatment, 

neurogenesis in the hippocampus was decreased with a 

negative impact on memory encoding and learning.31 Use 

of steroid or pain medications, high seizure burden, and 

several antiepileptic drugs may also exacerbate cogniti ve 

inefficiencies.25,32,33

Cogniti ve rehabilitation is considered a well-established 

treatment to address cogniti ve impairments in many 

neurologic diseases such as traumatic brain injury (TBI), 

multiple sclerosis, and stroke.34–37 Cogniti ve rehabilitation 

“ is a systematically applied set of medical and therapeutic 

services designed to improve cogniti ve functioning and 

participation in activities that may be affected by difficul-

ties in one or more cogniti ve domains.”  38 Further, these 

services are designed to enhance cogniti ve abilities, par-

ticularly as it relates to improving functional independence 

and HRQOL.36,38 Cogniti ve rehabilitation is based on prin-

ciples of neural plasticity and functional reorganization 39,40 

w ith 2 main underlying mechanisms: 1) retraining and 

2) functional compensation.35,41–43 Retraining strengthens 

impaired cogniti ve skills through repeatedly practicing 

cogniti ve tasks,44 whereas functional compensation fo-

cuses on honing strategies to modify the environment and/

or one’s approach to achieve a goal.41,45 These 2 interven-

tional approaches are often combined,46–49 w ith compen-

sation being particularly appropriate for treating persistent 

cogniti ve impairments.35,36,50

Cogniti ve rehabilitation typically is informed by neuro-

psychological assessment and implemented in 3 phases: 

1) Acquisition—education about cogniti ve vulnerabil -

ities and strengths, and beginning to learn possible com-

pensatory strategies; 2) Application—applying learned 

compensatory strategies in stages toward mastery; and 

3) Adaptation—applying prior learned skills with enhanced 

complexity to aid functional improvement (Figure 2).36,51 

Cogniti ve rehabilitation strategies are increasingly being 

investigated and applied in brain tumor patients, particu-

larly in LrGG patients with improving survival.

Common Domains of Cognitive 

Impairment and Related Cognitive 
Rehabilitation Strategies in Lower-
Grade Glioma Patients

The prevalence of cognitive impairment in LrGG varies 

across affected domains, particularly those reliant on 

  

Comorbid

psychiatric illness

Age

Education

Seizure medication

Steroids 

Tumor

treatment

Tumor location

and Biology

Fatigue

Past medical

history

Environmental

influences

Cognition

Figure 1.  Factors that influence cognitive impairment in lower-grade glioma (LrGG) patients.
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1- Dans le cadre des tumeurs 

cérébrales

2- Dans le cadre des cancers 

systémiques 
-description des troubles cognitifs liés au 

cancer (CRCI)

-évaluation et détection

-quelle prise en charge ? 

Impact du cancer et de ses traitements sur les fonctions 

cognitives



• Cancer: pathologie fréquente++

pronostic + favorable: dvpt programme de dépistage, 

amélioration des traitements

maladie CHRONIQUE

INCA, Les Cancers en France, 2017



Cancer: pathologie fréquente++
Prévalence (France) 3 millions

4

n=4000

VICAN5 2018

Explorer les différentes facettes de la vie 
5 ans après un dg de cancer:

→  état de santé

→  séquelles et suivi

→  difficultés rencontrées au quotidien

→  impact de la maladie et de ses traitements sur les 

ressources et l’emploi
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Prévalence (France) 3 millions 
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     AXE 2	: LIMITER LES SÉQUELLES                   

ET AMÉLIORER LA QUALITÉ DE VIE 
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FICHE ACTION II.7 

PRÉVENIR, DÉPISTER, TRAITER LES SÉQUELLES LIÉES À LA MALADIE OU 

AU TRAITEMENT 

 

CONTEXTE	:  
Cinq ans après le d iagnost ic, près de deux t iers des personnes touchées par la maladie 

souff rent  de séquelles dues au cancer ou aux t raitements. Tous les organes et  toutes les 

dimensions (physique, psychique, sociale, sp irituelle) d’une personne peuvent  êt re 

concernés. 

Les séquelles, t roubles et  dysfonct ionnements les p lus cités concernent  notamment  les 

modificat ions de l’image du corps, les douleurs, la fat igue, les t roubles moteurs ou de la 

vision, et  les d if f icultés sexuelles. Trois fois sur quat re, ces séquelles ne font  pas l’objet  

d’un suivi médical spécif ique. 

 

OBJECTIF	:  
Réduire au maximum les séquelles physiques, mentales, socio-économiques rapportées 

par les personnes, par la prévent ion de leur apparit ion, leur dépistage pour une 

intervent ion précoce, leur t raitement  curat if  ou leur at ténuat ion. 

 

EFFET ATTENDU POUR LES PERSONNES	:  
Diminuer le fardeau des séquelles par leur object ivat ion et  leur signalement  en temps 

réel, permet tant  d ’ant iciper et  d ’adapter la réponse aux besoins grâce à un suivi des soins 

et  des prestat ions plus pert inent . 

 

ÉLÉMENTS CONSTITUTIFS DE L’ACTION	: 
§ Expérimenter un d isposit if  p lurid iscip linaire et  int égré de dépistage et  de t raitement  

des séquelles (act ion II.7.1) 

§ St ructurer et  faire connaît re l’offre existante de prise en charge des séquelles (act ion 

II.7.2) 

§ Développer des out ils de dépistage et  d 'évaluat ion des séquelles, fondés sur un recueil 

des données auprès des pat ients (act ion II.7.3) 

§ Élaborer des recommandat ions organisat ionnelles et  de bonne prat ique sur les 

séquelles (prévent ion, dépistage, gest ion) (act ion II.7.4) 

§ Former les professionnels de santé médicaux et  paramédicaux, de ville et  hospitaliers 

(act ion II.7.5) 

§ Améliorer l’informat ion des pat ients aux temps forts du parcours et  développer des 

programmes d ’éducat ion thérapeut ique (act ion II.7.6)  

4

n=4000

VICAN5 2018

Explorer les différentes facettes de la vie 
5 ans après un dg de cancer:

→  état de santé

→  séquelles et suivi

→  difficultés rencontrées au quotidien

→  impact de la maladie et de ses traitements sur les 

ressources et l’emploi



CRCI: de quoi parle-t-on?

Fréquence variable (15 à 50%)
selon plainte subjective ou scores objectifs aux tests 

selon le timing

Fonctionnement cognitif actuel

plainte subjective

performances objectives

Janelsins et al, 2011, 2014

Dijkshoorn et al, 2021

Whittaker et al, 2022 75%



CRCI: de quoi parle-t-on?

Fonctionnement cognitif actuel

plainte subjective

performances objectives

-difficultés à se rappeler de certaines choses

difficultés à trouver le bon mot

difficultés orthographiques

difficultés à se rappeler des noms ou visages

-difficultés à se rappeler de certaines tâches 

habituelles

oubli des routines du quotidien

difficultés de navigation (piéton ou voiture)

incapacité au multitâche

-difficultés à rester concentrer sur une tâche

réduction des capacités attentionnelles, 

manque de concentration, distractibilité

lapsus attentionnels, « blanc »

incapacité à garder le fil d’une conversation, 

d’un film, d’un livre

-autres symptômes

perte/oubli d’objets

nécessité de répéter

difficultés à apprendre de nouvelles choses ou 

compétences

Pullens et al, 2013

Janelsins et al, 2017

Bolton Isaacs, 2018

jusqu’à 90%



CRCI: de quoi parle-t-on?

Fonctionnement cognitif actuel

plainte subjective

performances objectives 16 à 75%

Hutchinson et al, 2012



CRCI: de quoi parle-t-on?

Fonctionnement cognitif actuel

plainte subjective

performances objectives

souvent transitoires
Wefel et al, 2004

parfois durables
de Ruiter et al, 2010; Koppelmans et al, 2012

parfois décalés dans le temps
Wefel et al, 2010

Évaluation : limites et recommandations

Ø Sensibilité des épreuves utilisées ?

Ø Tests non écologiques

Ø Niveau antérieur

Ø Plusieurs facteurs confondants (corrélés

aux plaintes contrairement aux mesures

objectives – Bray 2018)

Globalement : forte hétérogénéité des
mesures.

Recommandations faites pour usage des
tests

Prévalence des CRCI
Whittaker et al., 2022

Mesure subjective
44%

Mesure objective
21%

Mesure 
subjective

Mesure
objective

Autres 
facteurs

Bray et al., 2018

7
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CRCI: de quoi parle-t-on?

Fonctionnement cognitif actuel

plainte subjective

performances objectives

généralement légers, 
mais impact négatif sur 

QoL
confiance en soi
reprise d’activité professionnelle

Selamat et al, 2014; Von Ah et al, 2013; Boykoff et al, 2009; 

Nieuwenhuijsen et al, 2009; Bolton Isaacs, 2018; Henderson et al, 2019; 

Dumas et al, 2019

Évaluation : limites et recommandations

Ø Sensibilité des épreuves utilisées ?

Ø Tests non écologiques

Ø Niveau antérieur

Ø Plusieurs facteurs confondants (corrélés

aux plaintes contrairement aux mesures

objectives – Bray 2018)

Globalement : forte hétérogénéité des
mesures.

Recommandations faites pour usage des
tests

Prévalence des CRCI
Whittaker et al., 2022

Mesure subjective
44%

Mesure objective
21%

Mesure 
subjective

Mesure
objective

Autres 
facteurs

Bray et al., 2018

7
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objectives – Bray 2018)
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mesures.
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Les différents possibles contributeurs aux difficultés cognitives des patients
ApoE Apolipoprotéine E; COMT cathecol-O-methyltransferase; BDNF brain-derived neurotrophic factor; HPA axe hypothalamo-hypophysaire

Facteurs liés au cancer et à ses traitements
-type de tumeur, stade, marqueurs
-chirurgie, anesthésie
-chimiothérapie
-radiothérapie
-hormonothérapie
-thérapies ciblées
-immunothérapie

Facteurs de risque/facteurs modulateurs non modifiables
-âge
-co-morbidités (cardio-vasculaires, diabète, etc…)
-facteurs socio-démographiques (genre, éducation, réserve 
cognitive)
-variation génétique (ApoE, COMT, BDNF)
-facteurs biologiques (inflammation, stress oxydatif, lésions ADN, 
sénescence cellulaire, modifications de l’axe HPA)

Facteurs de risque/facteurs modulateurs modifiables
-impact des traitements (fatigue, difficultés de sommeil, ménopause 
induite, douleur)
-statut psychologique (anxiété, dépression, stress, fatigue, motivation)
-mode de vie (activité physique, diététique/nutrition, tabac/alcool

Fonctionnement 

cognitif actuel

plainte subjective
performances objectives

Fonctionnement 

cognitif 

préalable

réserve cognitive 
réserve cérébrale

Intrication, complexité

Aspect multifactoriel

CRCI: mécanismes?
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Fleming et al, BMJ, 2023



Fleming et al, BMJ, 2023



Fleming et al, BMJ, 2023



Simo et al, Neurosci Biobehav Rev 2013

Kaiser et al, Cortex 2014
Li Caeyenberghs, Neurosci BioBehav Rev 2018

→ altérations fonctionnelles

→ atteintes structurelles

Neuroimagerie



Feng et al, 2019

→ altérations fonctionnelles

→ atteintes structurelles

Neuroimagerie
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plainte subjective
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hormonales
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Douleurs
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Pas de PEC univoque

Adaptation nécessaire au 

contexte++
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Profil précoce
1ères plaintes avant/pdt les traitements, 
d’origine multifactorielle :
• effets cognitifs directs du cancer 

(environnement inflammatoire général)
• cofacteurs (troubles thymiques, fatigue)

Aggravation progressive des troubles 
jusqu’à un point maximal 
dont le délai de survenue et l’intensité sont 
variables en fonction des cofacteurs 
également

Description: une histoire de temps?

Profil tardif 
Pas de plaintes cognitives pendant les traitements 
• pas de difficultés
• ou masquées par effets indésirables physiques passant 

au premier plan (nausées, asthénie majeure, 
neuropathie périphérique invalidante)

Apparition des plaintes cognitives au moment d’une 
« remise en avant » des fonctions cognitives : 
• soit à l’arrêt des traitements et régression des effets 

secondaires physiques
• soit à la reprise d’un rôle occupationnel nécessitant 

l’utilisation des fonctions cognitives (rôle professionnel ou 
personnel)

75%



Description: une histoire de temps?

75%

Les données actuelles de la littérature ne permettent pas d’identifier en 

amont le profil des patients vis-à-vis de l’apparition des troubles cognitifs

pas de facteurs prédictifs ou de vulnérabilité particuliers identifiés



• Recommandations de l’ICCTF
2011 (anglo-saxon)

utilisation de tests neuropsychologiques 

spécifiques

critère de définition du seuil pathologique

apparaît comme léger par rapport aux 

plaintes rapportées par les patients

• Batterie GREC-Onco
2015 (français)

difficile à réaliser en soins courants, avec 

un temps de passation au-delà de 1h30 

Evaluation

Objectifs: 
-spécifier la plainte cognitive

-objectiver les troubles cognitifs

-apporter une solution de prise en charge adaptée



Evaluation des cofacteurs++ 

• Anxiété  et Dépression : échelle HADS

• Sommeil : données d’interrogatoire 

• Douleur : EVA douleur nociceptive, DN4 

• Intolérance à  l’effort /  fatigabilité physique : données d’interrogatoire, 

TM6, test assis-debout

• Dysrégulations hormonales : examen clinique 

(thyroïde/cortisol/gonades), bilan sanguin avec TSH

• Fatigue «oncologique » : données d’interrogatoire (ex: MFI ou FACIT-F)

• Isolement social : données d’interrogatoire

Evaluation

Cofacteurs 

(fatigue, anxiété, 
dépression…)

Troubles 
cognitifs



CRCI: propositions de prises en charge

intégrant un contexte et des besoins individuels

Conclusion

Enjeu majeur des troubles cognitifs post lésion cérébrale, même 

(surtout?) ‘mineurs’ / notion de handicap invisible

Impact en termes de QoL, de réadaptation/réinsertion, médico-

économique

Intérêt de l’évaluation: diagnostique, pronostique/suivi, thérapeutique

Importance 

d’évaluer les 3 niveaux d’expression

d’intervenir également sur ces 3 niveaux

Proposition de rééducation/réadaptation

souvent pluridisciplinaire

variable selon délai et attentes du patient

Nécessité de développement de programmes

sur la base des données scientifiques

avec association(s) synergique(s) de différentes méthodes 

108

DEFICIENCES LIMITATIONS

D’ACTIVITE

RESTRICTION DE

PARTICIPATION



Dans tous les cas:
• Donner des informations/explications relatives à ces troubles

légitimité de la plainte et de la gêne++

• Proposer des recommandations de type écologique:
-éviter d’effectuer trop de tâches simultanément

-organiser les informations à retenir

-optimiser les outils type agenda avec classement catégoriel des tâches à 

effectuer

-repérer les moments de la journée où la cognition est plus performante

-répartir les différentes activités cognitives selon les contraintes et les 

facilitateurs

• Proposer un accompagnement psychologique, qui est 

souvent nécessaire

• Proposer d’éventuelles pratiques complémentaires



• Quel que soit le stade
-PEC en kinésithérapie pour reconditionnement à l’effort, travail de mobilité 

-promouvoir l’Activité Physique Adaptée (prévention primaire et tertiaire)

-PEC en orthophonie pour travail de stimulation cognitive (en individuel ou en 

groupe) 

• 4 grands types d’approches
Interventions pharmacologiques

Exercices physiques 

Interventions comportementales aspécifiques

Interventions comportementales centrées sur la cognition
Voir revues in:

Chan et al, 2015

Morean et al, 2015

Chung et al, 2018

Jacquin-Courtois Reilly, 2019

Zeng et al, 2020

Merceur et al, Jacquin-Courtois, 2023 in revision

Conclusion

Enjeu majeur des troubles cognitifs post lésion cérébrale, même 

(surtout?) ‘mineurs’ / notion de handicap invisible

Impact en termes de QoL, de réadaptation/réinsertion, médico-

économique

Intérêt de l’évaluation: diagnostique, pronostique/suivi, thérapeutique

Importance 

d’évaluer les 3 niveaux d’expression

d’intervenir également sur ces 3 niveaux

Proposition de rééducation/réadaptation

souvent pluridisciplinaire

variable selon délai et attentes du patient
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sur la base des données scientifiques

avec association(s) synergique(s) de différentes méthodes 

108
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Zeng et al, 2020
n= 29 RCT
10 interventions



• Pas de consensus de prise en charge
-hétérogénéité qualitative (rationnel des propositions, paramètres évalués)

-hétérogénéité quantitative (nombre de sessions/durée des effets)

-pas de consensus du timing optimal (profil précoce vs profil tardif?)

-différents problèmes à différents moments? donc différentes propositions selon le 

timing de prise en charge?

Merceur et al, Jacquin-Courtois, 2024 in press



Evaluation Neurocognitive et Réhabilitation: un exemple de parcours et de proposition



1ère étape: dg positif et différentiel

Experte neurologique  ou MPR  
+/- avis psychiatrique

Détecter les atypies

« red flags » 

qui justifieront un  bilan 

neurologique 

ou PEC psychiatrique

parfois en semi-urgence (voir en 

urgence)

Ex: Maladie neurodégénérative  

MA, APP, DLFT, SLA.. 

Ex: Co-pathologie neurovasculaire

Ex:  Episode dépressif caractérisé

Ex: Troubles neuro-fonctionnels 

Ex: TDAH de l’adulte 

Ex: Addiction  

Ex: Syndrome post-traumatique

Ex: SAOS

Ex: …

Si possible 
patient accompagné
et obligatoirement informé
de l’objectif : 

pas de plainte, pas d’évaluation!



1ère étape: dg positif et différentiel

Profil précoce

fatigue/fatigabilité

manque d’endurance

fragilité thymique

perte de confiance et d’estime de soi

+/- plainte cognitive

2ème étape: PEC après une consultation dédiée

Profil tardif

plainte cognitive

‘je suis ralentie’ ‘je n’arrive pas à trouver 

mes mots’

‘j’ai du mal à faire deux choses en même 

temps’

‘j’oublie plus qu’avant, je dois tout noter’
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FACT-Cog
HAD
MOCA
SDMT

propositions différentes selon le timing
selon contexte et plainte(s) à l’interrogatoire

Objectifs: 
-reconditionnement à l’effort

-mobilité, posture, endurance

-régulation tonique et gestion des émotions

-appropriation de l’activité physique

-repères diététiques

-informations et échanges

Objectifs: 
-remédiation cognitive axée sur attention et mémoire

-métacognition avec prise de conscience de ses aptitudes en 

terme de fonctions cognitives et relations interpersonnelles

-mises en situation pour faciliter l’apprentissage et l’intégration 

de l’information dans le quotidien

Reilly et al, Jacquin-Courtois, 2022



Profil précoce

Sollicitation cognitive + Activité Physique

Promouvoir la réappropriation du corps, la confiance, l’assurance

Solliciter l’appropriation durable des moyens proposés 

et mis en œuvre

Mobiliser la motivation et la position d’acteur 

(engagement dans la rééducation)

pour la reprise des rôles signifiants

Profil tardif

Conclusion

Enjeu majeur des troubles cognitifs post lésion cérébrale, même 

(surtout?) ‘mineurs’ / notion de handicap invisible

Impact en termes de QoL, de réadaptation/réinsertion, médico-

économique

Intérêt de l’évaluation: diagnostique, pronostique/suivi, thérapeutique

Importance 

d’évaluer les 3 niveaux d’expression

d’intervenir également sur ces 3 niveaux

Proposition de rééducation/réadaptation

souvent pluridisciplinaire

variable selon délai et attentes du patient

Nécessité de développement de programmes

sur la base des données scientifiques

avec association(s) synergique(s) de différentes méthodes 

108
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RESTRICTION DE

PARTICIPATION



Cespon et al, Ageing Res Rev 2018







Figure 3. Retour d’expérience : exemple de parcours de soins possible
MPR Médecine Physique et de Réadaptation; APA Activité Physique Adaptée

Parcours de soins oncologiques

[Traitements actifs]

Consultation MPR

entretien clinique (questionner la plainte/la gêne)

FACT-Cog, HAD +/- MOCA, SDMT

Explications++

Psychoéducation

Conseils

(remise en mouvement, pratique APA, 

gestion fatigue et sommeil, stimulation 

cognitive du quotidien)

Evaluation complémentaire

tests neuropsychologiques 

questionnaires

évaluation écologique (mises en 

situation)

Poursuite sollicitation APA 

et situations de vie quotidienne

Proposition kinésithérapie libérale

Proposition orthophonie libérale

Prise en charge dédiée 

pluridisciplinaire

Suivi (M3, M6, …)
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• Cancer-Related Cognitive Impairment
-importance de l’évaluation / impact QoL et fonctionnement

-dvpt interventions (comportementales, pharmacologiques) pour réduire 

et/ou prévenir

• Besoin d’une harmonisation des études observationnelles et 

interventionnelles 
-évaluation cognitive pré-thérapeutique?

-prise en compte des délais/du timing

-harmonisation des mesures et critères de jugement

• Mesures subjectives et objectives

• Faisabilité et accessibilité

• Programmes multimodaux+++ selon plainte et timing
• Enjeu du vieillissement cognitif de ces populations



Merci pour votre attention

sophie.courtois@chu-lyon.fr
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