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• Neuro-oncologie: 
amélioration des traitements et des taux de survie

• Probabilité de voir apparaître des complications accentuée
troubles cognitifs++

• Évaluation neuropsychologique: 
aspect essentiel du suivi des patients 
pendant et après traitement

• Difficulté:
contribution de la lésion per se
+ effets secondaires des traitements anti-tumoraux
+ facteurs confondants/associés

Woehrer et al 2014

 118 Weyer-Jamora et al. Cognitive impact of LrGG and strategies for rehab

of vessel walls, focal mineralization, and coagulative 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

Cognitive rehabilitation is considered a well-established 
treatment to address cognitive impairments in many 
neurologic diseases such as traumatic brain injury (TBI), 
multiple sclerosis, and stroke.34–37 Cognitive rehabilitation 
“is a systematically applied set of medical and therapeutic 
services designed to improve cognitive 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 Cognitive rehabilitation is based on prin-
ciples of neural plasticity and functional reorganization39,40 
with 2 main underlying mechanisms: 1)  retraining and 
2)  functional compensation.35,41–43 Retraining strengthens 
impaired cognitive skills through repeatedly practicing 

cognitive 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 with compen-
sation being particularly appropriate for treating persistent 
cognitive 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 
Cognitive 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 
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Figure 1.  Factors that influence cognitive impairment in lower-grade glioma (LrGG) patients.
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• Rééducation et Neuro-Oncologie: 
au moins 2 spécificités

-une contrainte de temporalité: 
cinétique tumorale globalement rapide :  glioblastome/oligodendrogliome

… mais aussi rémission 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
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An individualized multidisciplinary rehabilitation intervention is necessary to treat 
functional impairment due to the tumor itself and/or treatment-related dysfunction. Herein, 
we discuss rehabilitation treatment strategies in relation to the neurological and functional 
complications that commonly occur in patients with brain tumors (Table 1).

PHYSICAL PROBLEMS

Motor dysfunction
Motor dysfunction in patients with primary brain tumors can occur due to a variety of 
causes, including as a direct effect of the tumor’s location or swelling or as a side effect of 
neurosurgery, chemotherapy, radiation, steroids, or other drugs [3]. Myopathy was reported 
in 10% of patients with brain tumors who received dexamethasone for more than 2 weeks, 
and approximately two-thirds of these myopathic patients developed symptoms after 
continuous administration of dexamethasone for 9–12 weeks [4].

Rehabilitation interventions focus on preventing or improving motor dysfunction, and thus 
preserving or enhancing quality of life [3]. The daily functional improvements made by patients 
with brain tumors receiving inpatient hospital-based rehabilitation could be comparable to 
those made by stroke and traumatic brain injury patients [5,6]. A systematic review suggested 
that exercise is safe and feasible in patients with brain tumors, yielding some benefits in terms 
of symptom severity and interference. Although the level of evidence is still low, exercise has 
been shown to improve aerobic capacity, body composition, and levels of physical activity [7].

https://doi.org/10.12786/bn.2022.15.e25

Brain Tumor Rehabilitation

Table 1. Common neurological and physical complications of brain tumors
Neurological complications Other medical complications
Cognitive dysfunction Hemodynamic/vascular complications
Memory disorder Hypertension
Communication difficulties Arterial thrombotic events
Mood disorder Venous thromboembolism

Depressive disorder Pulmonary embolism
Anxiety disorder Vasogenic edema
Impulse control disorder Endocrinopathies
Personality disorder Decreased production: GH, TSH, ACTH, gonadotropins

Seizure Amenorrhea
Pain Infections

Headache Pneumonia
Other neuropathic pain Urinary infections

Motor dysfunction
Weakness
Spasticity
Dyskinesia
Dystonia

Fatigue
Sensory deterioration

Sensory impairment
Proprioception impairment
Visual disturbance
Auditory dysfunction

Dysarthria
Dysphagia
Aphasia
Neurogenic bladder/bowel
Sexual dysfunction
GH, growth hormone; TSH, thyroid stimulating hormones; ACTH, adrenocorticotropic hormones.

iCopyright © 2022. Korean Society for Neurorehabilitation

HIGHLIGHTS
• Patients with brain tumors experience weakness, cognitive and emotional dysfunction.
• Seizures, headaches, and dysphagia are common complication of brain tumors.
• Multidisciplinary assessment is necessary to treat tumor-related impairment.
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Focused Review
Diagnosis, Treatment, and 
Rehabilitation for Adult 
Glioma
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Variable selon
type de tumeur
localisation et taille

Incidence 
cognitif 80%
moteur 78%
visuo-perceptif 53%
sensoriel 38%
vésico-sphinctérien 37%

>3 75%
>5 39%

Enjeux de réhabilitation
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of vessel walls, focal mineralization, and coagulative 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 
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encephalopathy.25,30 In a rodent study of temozolomide, 
a commonly used alkylating agent in glioma treatment, 
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of steroid or pain medications, high seizure burden, and 
several antiepileptic drugs may also exacerbate cognitive 
inefficiencies.25,32,33

Cognitive rehabilitation is considered a well-established 
treatment to address cognitive impairments in many 
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services designed to improve cognitive 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 
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ciples of neural plasticity and functional reorganization39,40 
with 2 main underlying mechanisms: 1)  retraining and 
2)  functional compensation.35,41–43 Retraining strengthens 
impaired cognitive skills through repeatedly practicing 

cognitive 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 with compen-
sation being particularly appropriate for treating persistent 
cognitive 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 
Cognitive 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 
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Figure 1.  Factors that influence cognitive impairment in lower-grade glioma (LrGG) patients.
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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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Introduction
L’amélioration des traitements anti-tumoraux en neuro-

oncologie ces dernières années a permis d’augmenter les
taux de survie des patients. De plus, parce que l’espérance
de vie des patients s’est allongée, la probabilité de voir
apparaître des complications s’est accentuée. Parmi elles,
les troubles cognitifs sont au premier plan et représentent
un facteur pronostique indépendant de la survie des
patients atteints de gliomes [1]. De plus, les troubles cog-
nitifs impactent lourdement la qualité de vie des patients
[2]. De ce fait, l’évaluation neuropsychologique repré-
sente désormais un élément important et recommandé
des protocoles de recherche clinique [3], mais aussi un
aspect essentiel du suivi des patients pendant et après
leurs traitements en neuro-oncologie. En effet, l’évaluation
cognitive permet de supposer une récidive ou une pro-
gression tumorale, parfois même avant toute évolution
clinique et/ou radiologique [4]. En outre, cette évalua-
tion permet aussi de contrôler les effets neurotoxiques des
traitements, ou encore d’envisager une réhabilitation cog-
nitive adaptée. La problématique du déclin cognitif, bien
que prépondérante en neuro-oncologie, peut être difficile
à évaluer en raison du manque de données normatives

Tableau 1. Descriptions des troubles cognitifs liés aux différents traitements des tumeurs cérébrales.

Traitement Description des troubles cognitifs

Chirurgie Les troubles associés sont considérés comme focaux et transitoires
Ils apparaissent directement après l’intervention et s’atténuent dans un délai de 3 mois postopératoire
La cartographie fonctionnelle par IRMf préopératoire ou la stimulation peropératoire pourrait prévenir
en partie les complications cognitives après l’intervention

Radiothérapie Les mécanismes proposés impliquent principalement une rupture de la barrière hémato-encéphalique,
une démyélinisation et une atrophie corticale à long terme
Troubles réversibles : premières semaines et premiers mois après l’irradiation
Troubles irréversibles : au cours des années suivant l’irradiation (leucoencéphalopathie post-radique)
Les déficits concernent principalement les fonctions attentionnelles et exécutives ainsi que la mémoire
épisodique

Chimiothérapie Les mécanismes proposés impliquent une rupture de la barrière hémato-encéphalique permettant
d’augmenter la concentration des drogues au niveau tumoral mais aussi au niveau du tissu sain
Ce mécanisme est exacerbé lorsque la chimiothérapie est administrée de façon concomitante
ou adjuvante à la radiothérapie
Peu de données significatives sont disponibles dans la littérature concernant un effet
de la chimiothérapie sur les fonctions cognitives

Traitements
antiépileptiques

Les anciennes molécules seraient plus délétères que les récentes
Les troubles associés concernent principalement les fonctions attentionnelles et la vitesse de traitement
de l’information

Corticoïdes Pourraient présenter des effets neurotoxiques probablement sous-estimés impliquant
un dysfonctionnement fonctionnel et structurel des aires hippocampiques et préfrontales

concernant l’évolution des scores dans le temps chez des
populations témoins. Ainsi, des variations cognitives sub-
tiles mais significatives dans une étude de groupes de
patients ne seront pas forcément détectées à l’échelle indi-
viduelle dans le cadre du suivi d’un patient atteint d’un
gliome de bas grade lentement évolutif sans signe clinique
et/ou radiologique concernant d’autres atteintes neurolo-
giques. Pour répondre à ce type de dilemme, le clinicien
doit apprécier la contribution de la lésion per se, mais
aussi des traitements anti-tumoraux reçus par le patient,
sans compter l’éventualité de l’évolution d’une patholo-
gie avec atteinte cognitive indépendante de la tumeur ou
de son traitement. La nature, la cinétique et l’origine des
troubles cognitifs observés peuvent alors être une aide
pour conclure à une variation pathologique ou uniquement
intra-individuelle.

Nous proposons dans cet article une revue de la lit-
térature sur les effets des traitements oncologiques sur la
cognition en cas de tumeur cérébrale (résumé dans le
tableau 1), puis nous présentons la batterie neuropsycho-
logique établie par le Grec-Onco [5] (Groupe de réflexion
sur les évaluations cognitives en oncologie) et quelques
réflexions sur les modalités de l’évaluation neuropsycho-
logique dans le contexte neuro-oncologique.
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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++)
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Traitement Description des troubles cognitifs

Chirurgie Les troubles associés sont considérés comme focaux et transitoires
Ils apparaissent directement après l’intervention et s’atténuent dans un délai de 3 mois postopératoire
La cartographie fonctionnelle par IRMf préopératoire ou la stimulation peropératoire pourrait prévenir
en partie les complications cognitives après l’intervention

Radiothérapie Les mécanismes proposés impliquent principalement une rupture de la barrière hémato-encéphalique,
une démyélinisation et une atrophie corticale à long terme
Troubles réversibles : premières semaines et premiers mois après l’irradiation
Troubles irréversibles : au cours des années suivant l’irradiation (leucoencéphalopathie post-radique)
Les déficits concernent principalement les fonctions attentionnelles et exécutives ainsi que la mémoire
épisodique

Chimiothérapie Les mécanismes proposés impliquent une rupture de la barrière hémato-encéphalique permettant
d’augmenter la concentration des drogues au niveau tumoral mais aussi au niveau du tissu sain
Ce mécanisme est exacerbé lorsque la chimiothérapie est administrée de façon concomitante
ou adjuvante à la radiothérapie
Peu de données significatives sont disponibles dans la littérature concernant un effet
de la chimiothérapie sur les fonctions cognitives

Traitements
antiépileptiques

Les anciennes molécules seraient plus délétères que les récentes
Les troubles associés concernent principalement les fonctions attentionnelles et la vitesse de traitement
de l’information

Corticoïdes Pourraient présenter des effets neurotoxiques probablement sous-estimés impliquant
un dysfonctionnement fonctionnel et structurel des aires hippocampiques et préfrontales

concernant l’évolution des scores dans le temps chez des
populations témoins. Ainsi, des variations cognitives sub-
tiles mais significatives dans une étude de groupes de
patients ne seront pas forcément détectées à l’échelle indi-
viduelle dans le cadre du suivi d’un patient atteint d’un
gliome de bas grade lentement évolutif sans signe clinique
et/ou radiologique concernant d’autres atteintes neurolo-
giques. Pour répondre à ce type de dilemme, le clinicien
doit apprécier la contribution de la lésion per se, mais
aussi des traitements anti-tumoraux reçus par le patient,
sans compter l’éventualité de l’évolution d’une patholo-
gie avec atteinte cognitive indépendante de la tumeur ou
de son traitement. La nature, la cinétique et l’origine des
troubles cognitifs observés peuvent alors être une aide
pour conclure à une variation pathologique ou uniquement
intra-individuelle.

Nous proposons dans cet article une revue de la lit-
térature sur les effets des traitements oncologiques sur la
cognition en cas de tumeur cérébrale (résumé dans le
tableau 1), puis nous présentons la batterie neuropsycho-
logique établie par le Grec-Onco [5] (Groupe de réflexion
sur les évaluations cognitives en oncologie) et quelques
réflexions sur les modalités de l’évaluation neuropsycho-
logique dans le contexte neuro-oncologique.
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La RT peut améliorer des symptômes en diminuant le volume tumoral
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Traitement possiblement neuro-toxique
avec troubles cognitifs à court et à long terme

Doses thérapeutiques proches des doses toxiques pour les tissus sains
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Tumeurs cérébrales, traitements
oncologiques et neurotoxicités

La tumeur cérébrale est la première cause des troubles
cognitifs, par compression ou invasion de tissus sains fonc-
tionnels [1, 6]. De plus, l’épilepsie tumorale, notamment
chez les patients souffrant de gliomes de bas grades, est
fréquente et contribue aux troubles cognitifs des patients
[6]. Bien que la recherche se soit principalement inté-
ressée aux effets des traitements, les données disponibles
[7, 8] sur la cognition des patients avant tout traitement
indiquent que jusqu’à 90 % d’entre eux présentent des
déficits cognitifs, notamment lorsque la tumeur se trouve
dans l’hémisphère dominant. La symptomatologie est
variable selon la localisation lésionnelle, cependant les dif-
ficultés les plus fréquemment rapportées par les patients et
observées lors des bilans cognitifs concernent la mémoire,
les fonctions exécutives et le langage, en lien avec la
prédominance des atteintes fronto-temporales. La sévé-
rité des troubles cognitifs présente un large spectre, allant
de l’absence d’anomalie aux déficits sévères, notam-
ment lors de tumeurs volumineuses avec effet de masse
important.

Dans le cadre d’un suivi cognitif à long terme, le pre-
mier bilan cognitif de référence est souvent établi après la
chirurgie biopsique ou d’exérèse. Cette dernière permet de
poser le diagnostic anatomopathologique, d’atténuer, voire
de supprimer, les symptômes neurologiques en réduisant le
volume tumoral.

Troubles cognitifs liés à la chirurgie
La chirurgie demeure bien souvent la pierre angulaire du

traitement des tumeurs cérébrales primitives. Bien qu’elle
améliore fréquemment les fonctions cognitives par une
suppression de l’effet de masse, elle peut aussi entraîner
des troubles liés à l’ablation de tissus sains périlésion-
nels requise pour une chirurgie tumorale satisfaisante. Peu
d’études randomisées prenant en compte le statut cogni-
tif et/ou la qualité de vie des patients étudient l’effet sur
la cognition de la chirurgie comparativement à des straté-
gies conservatrices [6]. Les études les plus fréquentes sont
non randomisées et donc biaisées par le fait que les groupes
témoins ne recevant pas de chirurgie sont souvent constitués
par les patients chez qui l’intervention n’était pas possible.
Par ailleurs, le nombre limité d’études comparant le sta-
tut cognitif avant et après exérèse ne permet pas d’estimer
l’incidence des troubles associés [6].

Toutefois, une partie des troubles induits par la chirurgie
sont admis comme étant focaux et transitoires, généra-
lement régressifs dans un délai de quelques semaines à
quelques mois après l’intervention, comme cela a pu être
observé pour les capacités de mémoire épisodique verbale
lors de résections tumorales dans les aires frontales prémo-
trices et temporales antérieures [1, 6].

Afin de limiter les effets iatrogènes, la chirurgie éveillée
peut être pratiquée dans le cas de tumeurs proches des

Tableau 2. Facteurs de risque associés aux troubles cognitifs
radio-induits.

Facteurs liés à la
radiothérapie

Facteurs liés au patient

Dose par séance
Dose totale
Durée totale
du traitement
Volume cérébral
irradié

Âge
Prédispositions génétiques
Déficits neurologiques
préexistants
Maladie systémique
préexistante (diabète,
hypertension artérielle...)
Chimiothérapie concomitante

aires langagières. Toutefois dans le cadre des gliomes,
l’efficacité de cette technique sur le statut cognitif postopé-
ratoire demande encore à être évaluée [9, 10]. L’utilisation
de techniques de cartographie comme la mise en évi-
dence de zones fonctionnelles sensibles à la mémoire
à court terme peut être réalisée de façon préopératoire
grâce à l’IRM fonctionnelle (IRMf). Cela permet d’optimiser
l’étendue de l’exérèse selon les limites fonctionnelles lors
de l’intervention [11]. Ce d’autant plus qu’une méta-analyse
[12], analysant l’intérêt de la cartographie fonctionnelle
par stimulation peropératoire, a conclu que cette technique
s’avérait efficace pour la réduction de déficits sévères à long
terme, notamment lors des résections considérées comme
complètes.

Troubles cognitifs liés à la radiothérapie
La radiothérapie (RT) est une modalité thérapeutique

majeure dans la prise en charge des patients souffrant de
tumeurs cérébrales. À l’instar de la chirurgie, la RT peut
améliorer des symptômes neurologiques en diminuant le
volume tumoral et les effets associés comme l’épilepsie
tumorale. Cependant, la RT constitue aussi une modalité
de traitement neurotoxique induisant des troubles cognitifs
à court et à long terme. Les doses thérapeutiques adminis-
trées dans le cadre des tumeurs cérébrales sont proches des
doses toxiques pour les tissus sains adjacents. Les facteurs
de risques d’apparition de troubles cognitifs radio-induits
sont listés dans le tableau 2. Les effets secondaires de la
RT sont classés, selon leurs délais d’apparition, en troubles
aigus, précoces, et tardifs [13].

Les troubles aigus apparaissent pendant la RT ou rapide-
ment après la fin du traitement et sont liés à des processus
œdémateux et/ou à la rupture de la barrière hémato-
encéphalique [14]. Des céphalées, nausées, vomissements
et somnolences sont volontiers associés et sont améliorés
par une corticothérapie. Peu d’observations cognitives sont
disponibles pour cette phase mais certains auteurs ont rap-
porté des difficultés légères à modérées d’apprentissage en
mémoire épisodique verbale et de mémoire de travail lors
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Introduction
L’amélioration des traitements anti-tumoraux en neuro-

oncologie ces dernières années a permis d’augmenter les
taux de survie des patients. De plus, parce que l’espérance
de vie des patients s’est allongée, la probabilité de voir
apparaître des complications s’est accentuée. Parmi elles,
les troubles cognitifs sont au premier plan et représentent
un facteur pronostique indépendant de la survie des
patients atteints de gliomes [1]. De plus, les troubles cog-
nitifs impactent lourdement la qualité de vie des patients
[2]. De ce fait, l’évaluation neuropsychologique repré-
sente désormais un élément important et recommandé
des protocoles de recherche clinique [3], mais aussi un
aspect essentiel du suivi des patients pendant et après
leurs traitements en neuro-oncologie. En effet, l’évaluation
cognitive permet de supposer une récidive ou une pro-
gression tumorale, parfois même avant toute évolution
clinique et/ou radiologique [4]. En outre, cette évalua-
tion permet aussi de contrôler les effets neurotoxiques des
traitements, ou encore d’envisager une réhabilitation cog-
nitive adaptée. La problématique du déclin cognitif, bien
que prépondérante en neuro-oncologie, peut être difficile
à évaluer en raison du manque de données normatives

Tableau 1. Descriptions des troubles cognitifs liés aux différents traitements des tumeurs cérébrales.

Traitement Description des troubles cognitifs

Chirurgie Les troubles associés sont considérés comme focaux et transitoires
Ils apparaissent directement après l’intervention et s’atténuent dans un délai de 3 mois postopératoire
La cartographie fonctionnelle par IRMf préopératoire ou la stimulation peropératoire pourrait prévenir
en partie les complications cognitives après l’intervention

Radiothérapie Les mécanismes proposés impliquent principalement une rupture de la barrière hémato-encéphalique,
une démyélinisation et une atrophie corticale à long terme
Troubles réversibles : premières semaines et premiers mois après l’irradiation
Troubles irréversibles : au cours des années suivant l’irradiation (leucoencéphalopathie post-radique)
Les déficits concernent principalement les fonctions attentionnelles et exécutives ainsi que la mémoire
épisodique

Chimiothérapie Les mécanismes proposés impliquent une rupture de la barrière hémato-encéphalique permettant
d’augmenter la concentration des drogues au niveau tumoral mais aussi au niveau du tissu sain
Ce mécanisme est exacerbé lorsque la chimiothérapie est administrée de façon concomitante
ou adjuvante à la radiothérapie
Peu de données significatives sont disponibles dans la littérature concernant un effet
de la chimiothérapie sur les fonctions cognitives

Traitements
antiépileptiques

Les anciennes molécules seraient plus délétères que les récentes
Les troubles associés concernent principalement les fonctions attentionnelles et la vitesse de traitement
de l’information

Corticoïdes Pourraient présenter des effets neurotoxiques probablement sous-estimés impliquant
un dysfonctionnement fonctionnel et structurel des aires hippocampiques et préfrontales

concernant l’évolution des scores dans le temps chez des
populations témoins. Ainsi, des variations cognitives sub-
tiles mais significatives dans une étude de groupes de
patients ne seront pas forcément détectées à l’échelle indi-
viduelle dans le cadre du suivi d’un patient atteint d’un
gliome de bas grade lentement évolutif sans signe clinique
et/ou radiologique concernant d’autres atteintes neurolo-
giques. Pour répondre à ce type de dilemme, le clinicien
doit apprécier la contribution de la lésion per se, mais
aussi des traitements anti-tumoraux reçus par le patient,
sans compter l’éventualité de l’évolution d’une patholo-
gie avec atteinte cognitive indépendante de la tumeur ou
de son traitement. La nature, la cinétique et l’origine des
troubles cognitifs observés peuvent alors être une aide
pour conclure à une variation pathologique ou uniquement
intra-individuelle.

Nous proposons dans cet article une revue de la lit-
térature sur les effets des traitements oncologiques sur la
cognition en cas de tumeur cérébrale (résumé dans le
tableau 1), puis nous présentons la batterie neuropsycho-
logique établie par le Grec-Onco [5] (Groupe de réflexion
sur les évaluations cognitives en oncologie) et quelques
réflexions sur les modalités de l’évaluation neuropsycho-
logique dans le contexte neuro-oncologique.
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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?)
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Introduction
L’amélioration des traitements anti-tumoraux en neuro-

oncologie ces dernières années a permis d’augmenter les
taux de survie des patients. De plus, parce que l’espérance
de vie des patients s’est allongée, la probabilité de voir
apparaître des complications s’est accentuée. Parmi elles,
les troubles cognitifs sont au premier plan et représentent
un facteur pronostique indépendant de la survie des
patients atteints de gliomes [1]. De plus, les troubles cog-
nitifs impactent lourdement la qualité de vie des patients
[2]. De ce fait, l’évaluation neuropsychologique repré-
sente désormais un élément important et recommandé
des protocoles de recherche clinique [3], mais aussi un
aspect essentiel du suivi des patients pendant et après
leurs traitements en neuro-oncologie. En effet, l’évaluation
cognitive permet de supposer une récidive ou une pro-
gression tumorale, parfois même avant toute évolution
clinique et/ou radiologique [4]. En outre, cette évalua-
tion permet aussi de contrôler les effets neurotoxiques des
traitements, ou encore d’envisager une réhabilitation cog-
nitive adaptée. La problématique du déclin cognitif, bien
que prépondérante en neuro-oncologie, peut être difficile
à évaluer en raison du manque de données normatives

Tableau 1. Descriptions des troubles cognitifs liés aux différents traitements des tumeurs cérébrales.

Traitement Description des troubles cognitifs

Chirurgie Les troubles associés sont considérés comme focaux et transitoires
Ils apparaissent directement après l’intervention et s’atténuent dans un délai de 3 mois postopératoire
La cartographie fonctionnelle par IRMf préopératoire ou la stimulation peropératoire pourrait prévenir
en partie les complications cognitives après l’intervention

Radiothérapie Les mécanismes proposés impliquent principalement une rupture de la barrière hémato-encéphalique,
une démyélinisation et une atrophie corticale à long terme
Troubles réversibles : premières semaines et premiers mois après l’irradiation
Troubles irréversibles : au cours des années suivant l’irradiation (leucoencéphalopathie post-radique)
Les déficits concernent principalement les fonctions attentionnelles et exécutives ainsi que la mémoire
épisodique

Chimiothérapie Les mécanismes proposés impliquent une rupture de la barrière hémato-encéphalique permettant
d’augmenter la concentration des drogues au niveau tumoral mais aussi au niveau du tissu sain
Ce mécanisme est exacerbé lorsque la chimiothérapie est administrée de façon concomitante
ou adjuvante à la radiothérapie
Peu de données significatives sont disponibles dans la littérature concernant un effet
de la chimiothérapie sur les fonctions cognitives

Traitements
antiépileptiques

Les anciennes molécules seraient plus délétères que les récentes
Les troubles associés concernent principalement les fonctions attentionnelles et la vitesse de traitement
de l’information

Corticoïdes Pourraient présenter des effets neurotoxiques probablement sous-estimés impliquant
un dysfonctionnement fonctionnel et structurel des aires hippocampiques et préfrontales

concernant l’évolution des scores dans le temps chez des
populations témoins. Ainsi, des variations cognitives sub-
tiles mais significatives dans une étude de groupes de
patients ne seront pas forcément détectées à l’échelle indi-
viduelle dans le cadre du suivi d’un patient atteint d’un
gliome de bas grade lentement évolutif sans signe clinique
et/ou radiologique concernant d’autres atteintes neurolo-
giques. Pour répondre à ce type de dilemme, le clinicien
doit apprécier la contribution de la lésion per se, mais
aussi des traitements anti-tumoraux reçus par le patient,
sans compter l’éventualité de l’évolution d’une patholo-
gie avec atteinte cognitive indépendante de la tumeur ou
de son traitement. La nature, la cinétique et l’origine des
troubles cognitifs observés peuvent alors être une aide
pour conclure à une variation pathologique ou uniquement
intra-individuelle.

Nous proposons dans cet article une revue de la lit-
térature sur les effets des traitements oncologiques sur la
cognition en cas de tumeur cérébrale (résumé dans le
tableau 1), puis nous présentons la batterie neuropsycho-
logique établie par le Grec-Onco [5] (Groupe de réflexion
sur les évaluations cognitives en oncologie) et quelques
réflexions sur les modalités de l’évaluation neuropsycho-
logique dans le contexte neuro-oncologique.
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d’irradiations panencéphaliques [15]. Cependant, le déclin
observé serait à la fois influencé par la RT et par l’état du
patient avant le traitement.

Les troubles précoces surviennent au cours des pre-
miers mois après la fin de l’irradiation mais sont réversibles
[16, 17]. Ils sont associés à des processus de démyéli-
nisation puis de remyélinisation. Cependant, les lésions
de la substance blanche observées en IRM ne sont pas
strictement corrélées aux observations cliniques [4]. Bien
que les données soient inconstantes dans la littérature, les
fonctions cognitives les plus fréquemment impliquées sont
la mémoire de travail, la mémoire épisodique, la vitesse de
traitement de l’information et les fonctions attentionnelles
[1, 4, 6].

Les troubles cognitifs tardifs sont d’apparition variable,
de plusieurs mois à plusieurs années après la fin de la
RT. Ils sont le plus fréquemment associés à une leucoen-
céphalopathie post-radique. Cette pathologie est caracté-
risée par l’installation progressive de troubles cognitivo-
comportementaux et d’anomalies neuro-radiologiques.

Figure 1. IRM axiale T2 FLAIR chez un patient de 65 ans traité en 2006 par
chirurgie, radiothérapie et chimiothérapie concomitante pour un gliome de
haut grade frontal droit. Six ans après le traitement, le patient présente un
déclin cognitif d’installation progressive (troubles attentionnels, ralentisse-
ment de la vitesse de traitement de l’information, difficultés exécutives et
mnésiques largement invalidantes pour les activités de la vie quotidienne)
avec une apathie marquée. L’IRM réalisée montre l’absence de reprise
tumorale et l’apparition d’une atrophie cortico-sous-corticale sévère pour
son âge, ainsi qu’une leucopathie confluente à prédominance antérieure.

L’IRM cérébrale montre des lésions de substance blanche
périventriculaire en hypersignal FLAIR, une dilatation ven-
triculaire (atrophie sous-corticale) et un élargissement des
espaces péricérébraux (atrophie corticale) (figure 1) [14].
Malgré le nombre important d’études sur les effets cogni-
tifs de la RT, l’incidence des troubles radio-induits demeure
mal définie en raison d’importantes hétérogénéités dans les
tests utilisés, les définitions utilisées et les populations étu-
diées (en particulier le délai écoulé depuis l’exposition et
l’âge lors de la RT) [1, 13]. Cependant, cette dernière est
généralement estimée autour de 50 % pour les tumeurs de
haut grade (gliomes anaplasiques avec profils moléculaires
péjoratifs et glioblastomes) un an après l’irradiation [13].
Dans le cas de la RT en conditions stéréotaxiques avec
ou sans irradiation de l’encéphale en totalité administrée
pour le traitement de métastases cérébrales, certains auteurs
[18] ont observé une incidence de leucoencéphalopathie
induite à un, deux et trois ans après l’irradiation de 29 %,
38 % et 53 % respectivement. La nature des troubles cogni-
tifs associe des déficits exécutifs, attentionnels, de mémoire
épisodique et de vitesse de traitement de l’information
[6, 19]. Sur le plan comportemental, une apathie modérée
à sévère vient volontiers compléter les troubles dysexé-
cutifs. Bien que la majorité des patients se stabilisent
avec des troubles légers à modérés, certains se détériorent
lentement jusqu’à la démence ; une perte d’autonomie
totale confinant à une grabatisation est alors observée
[13].

Troubles cognitifs liés à la chimiothérapie
Les mécanismes proposés pour expliquer la neurotoxi-

cité des chimiothérapies impliquent une rupture de la
barrière hémato-encéphalique dans la périphérie de la zone
tumorale mettant en contact du tissu sain avec la chimio-
thérapie. Certains neurones ou cellules neurales immatures,
telles que celles de la couche granulaire de l’hippocampe
semblent très sensibles aux effets des cytotoxiques [6, 14].
De plus, une toxicité directe de certains agents tels que le
méthotrexate sur les axones de la substance blanche péri-
ventriculaire peut accentuer l’effet d’autres médicaments
de chimiothérapie. Le phénomène de rupture de la bar-
rière hémato-encéphalique est exacerbé dès lors que la
chimiothérapie est administrée de façon concomitante ou
adjuvante à la RT [14].

Peu de données sont disponibles concernant les effets de
la chimiothérapie sur les fonctions cognitives (décrits sous le
terme de « chemobrain ») dans le cadre de la prise en charge
des patients avec tumeur cérébrale et seuls quelques cas
d’encéphalopathies chimio-induites tardives ont été rappor-
tés avec l’utilisation de hautes doses de chimiothérapie [20].
Par ailleurs, les troubles uniquement imputables à la chi-
miothérapie sont difficilement explorables lorsqu’elle est
administrée de façon concomitante et/ou adjuvante à la
RT comme dans le cas du traitement des glioblastomes par
exemple.
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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
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Introduction
L’amélioration des traitements anti-tumoraux en neuro-

oncologie ces dernières années a permis d’augmenter les
taux de survie des patients. De plus, parce que l’espérance
de vie des patients s’est allongée, la probabilité de voir
apparaître des complications s’est accentuée. Parmi elles,
les troubles cognitifs sont au premier plan et représentent
un facteur pronostique indépendant de la survie des
patients atteints de gliomes [1]. De plus, les troubles cog-
nitifs impactent lourdement la qualité de vie des patients
[2]. De ce fait, l’évaluation neuropsychologique repré-
sente désormais un élément important et recommandé
des protocoles de recherche clinique [3], mais aussi un
aspect essentiel du suivi des patients pendant et après
leurs traitements en neuro-oncologie. En effet, l’évaluation
cognitive permet de supposer une récidive ou une pro-
gression tumorale, parfois même avant toute évolution
clinique et/ou radiologique [4]. En outre, cette évalua-
tion permet aussi de contrôler les effets neurotoxiques des
traitements, ou encore d’envisager une réhabilitation cog-
nitive adaptée. La problématique du déclin cognitif, bien
que prépondérante en neuro-oncologie, peut être difficile
à évaluer en raison du manque de données normatives

Tableau 1. Descriptions des troubles cognitifs liés aux différents traitements des tumeurs cérébrales.

Traitement Description des troubles cognitifs

Chirurgie Les troubles associés sont considérés comme focaux et transitoires
Ils apparaissent directement après l’intervention et s’atténuent dans un délai de 3 mois postopératoire
La cartographie fonctionnelle par IRMf préopératoire ou la stimulation peropératoire pourrait prévenir
en partie les complications cognitives après l’intervention

Radiothérapie Les mécanismes proposés impliquent principalement une rupture de la barrière hémato-encéphalique,
une démyélinisation et une atrophie corticale à long terme
Troubles réversibles : premières semaines et premiers mois après l’irradiation
Troubles irréversibles : au cours des années suivant l’irradiation (leucoencéphalopathie post-radique)
Les déficits concernent principalement les fonctions attentionnelles et exécutives ainsi que la mémoire
épisodique

Chimiothérapie Les mécanismes proposés impliquent une rupture de la barrière hémato-encéphalique permettant
d’augmenter la concentration des drogues au niveau tumoral mais aussi au niveau du tissu sain
Ce mécanisme est exacerbé lorsque la chimiothérapie est administrée de façon concomitante
ou adjuvante à la radiothérapie
Peu de données significatives sont disponibles dans la littérature concernant un effet
de la chimiothérapie sur les fonctions cognitives

Traitements
antiépileptiques

Les anciennes molécules seraient plus délétères que les récentes
Les troubles associés concernent principalement les fonctions attentionnelles et la vitesse de traitement
de l’information

Corticoïdes Pourraient présenter des effets neurotoxiques probablement sous-estimés impliquant
un dysfonctionnement fonctionnel et structurel des aires hippocampiques et préfrontales

concernant l’évolution des scores dans le temps chez des
populations témoins. Ainsi, des variations cognitives sub-
tiles mais significatives dans une étude de groupes de
patients ne seront pas forcément détectées à l’échelle indi-
viduelle dans le cadre du suivi d’un patient atteint d’un
gliome de bas grade lentement évolutif sans signe clinique
et/ou radiologique concernant d’autres atteintes neurolo-
giques. Pour répondre à ce type de dilemme, le clinicien
doit apprécier la contribution de la lésion per se, mais
aussi des traitements anti-tumoraux reçus par le patient,
sans compter l’éventualité de l’évolution d’une patholo-
gie avec atteinte cognitive indépendante de la tumeur ou
de son traitement. La nature, la cinétique et l’origine des
troubles cognitifs observés peuvent alors être une aide
pour conclure à une variation pathologique ou uniquement
intra-individuelle.

Nous proposons dans cet article une revue de la lit-
térature sur les effets des traitements oncologiques sur la
cognition en cas de tumeur cérébrale (résumé dans le
tableau 1), puis nous présentons la batterie neuropsycho-
logique établie par le Grec-Onco [5] (Groupe de réflexion
sur les évaluations cognitives en oncologie) et quelques
réflexions sur les modalités de l’évaluation neuropsycho-
logique dans le contexte neuro-oncologique.
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(Voir données des patients avec cancer du sein)
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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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A B S T R A C T   

Introduction: High-grade gliomas cause cognitive impairment in those who suffer from them. However, there is a 
lack of precise data describing the cognitive deficit that occurs in this population, which would allow to better 
focus neuropsychological evaluations and make better clinical decisions in favor of the patient’s recovery and 
quality of life. For this purpose, a systematic review of the literature was carried out to search for studies on 
neurocognitive alterations in patients with malignant brain tumors. 
Materials and methods: The systematic review was conducted under the criteria of the PRISMA guideline for 
reporting systematic review and meta-analysis reports, with a search of the PubMed database (MEDLINE). 
Descriptive and analytical observational studies between 2015 and 2020 were considered. 
Results: 506 articles were identified, of which 16 met the inclusion criteria and were selected in the qualitative 
synthesis and described in the manuscript. 
Conclusions: High-grade gliomas cause significant alterations in cognitive domains such as language, attention, 
memory, empathy and executive functions. However, more studies focused on describing the neuropsychological 
alterations in this population are needed in order to make better clinical treatment and rehabilitation decisions.   

1. Introduction 

Gliomas represent 70–80% of central nervous system (CNS) tumors, 
being the most frequent [1]. According to the latest World Health Or-
ganization (WHO) classification, they have a very poor prognosis and a 
faster growth rate than low-grade gliomas [2]. 

Generally, low-grade gliomas are not detected until patients present 
seizures after several years, when tumors have advanced in their growth 
[3,4]. In contrast, high-grade gliomas progress aggressively, generating 
cognitive impairment (CI) [3] within a few months [4,5], affecting pa-
tients’ quality of life and survival time [2]. 

Other factors that influence the CI of glioma patients are the variety 
of tumor types and locations, sizes, different premorbid cognitive con-
cepts, [6] and treatment with chemotherapy and radiotherapy [7,8]. 

However, beyond these variables, scientific evidence indicates that 

the pressure exerted by the tumor on adjacent structures is the main 
cause of CI in patients with high-grade glioma [9]. Therefore, the gold 
standard for the treatment of this disease is tumor resection, if possible 
awake surgery in combination with direct electrical stimulation tech-
niques, intraoperative neuromonitoring [10], and neuroimaging tools 
that allow identifying functional areas and planning a better tumor 
resection and post-surgical management [11]. In order to help this 
population [9,12] and provide them with a better quality of life [12]. 

Therefore, this systematic review aims to identify studies that show 
the most frequent cognitive deficit in patients with high-grade gliomas 
and serve for decision making in clinical practice. 

2. Materials and methods 

The systematic review was performed under the criteria of the 
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easily and rapidly [5,11,72] causing slower or in some cases no brain 
plasticity processes [71,73,74]. 

Therefore, high-grade glioma lesions cause deficits in cognitive do-
mains such as executive functions [17,18,55], memory [3,43], attention 
[9,47,75] and language [9,40] depending on the location of the lesion 
and the association with fibers it alters [70,72]. 

Deficits in attention are observed when tumors are located in pre-
frontal areas, thalamus, anterior cingulate and parietal cortex [9,17,46], 
as they interfere with networks in alertness, executive control and 
default mode [76,77].Table.1 and Table.2. 

Memory impairments are related to lesions in left dorsolateral areas 
of the frontal lobes, left temporo-parietal areas, basal ganglia and 

hippocampal atrophy [3,43,78]. 
Language deficits are well described in the literature, associated with 

lesions in Broca’s, Wernicke’s and medial frontal gyrus areas [15]. 
However, glioma infiltrating white matter fibers such as the superior 
longitudinal fasciculus [39,62,79], the uncinate fasciculus [34] and the 
arcuate fasciculus [5,35,36], represent a great risk for language loss [34, 
35]. 

Dysexecutive syndromes in patients with brain tumors are classically 
associated with damage to the prefrontal cortex [24]. However, it has 
been established that lesions infiltrating the white matter fibers that run 
from the prefrontal cortex to posterior areas and form the executive 
control network [11,24] and the default mode network [77], generate 
dis-executive syndromes in patients with non-frontal tumors [51,52,74], 
characterized by changes in behavior and empathic skills [11,21,80] 
necessary to sustain quality of life [58,48,61]. 

On the other hand, it has been documented that the cerebellum is 
connected by contralateral tracts with the cerebral hemispheres [4, 
81–83]. Therefore, lesions located in posterior areas of the right cere-
bellar hemisphere generate deficits in the cognitive functions associated 
with the left cerebral hemisphere [3,9,17,18] causing a Cognitive Af-
fective Cerebellar Syndrome (CACS) [25]. 

Another factor that generates cognitive deficits in patients with brain 
tumors are chemo and radiotherapy treatments [84–87]. These treat-
ments, although they demonstrate the most scientific evidence to com-
bat brain cancer, with the passage of time usually produce cortical 
atrophy [88,89] and alter the connections of the white matter networks 
[90,91]. [90,91]. 

Therefore, the study of cognitive deficits in this population, in rela-
tion to the disease and its treatments, will help to propose new tools to 
improve the quality of life of glioma patients [12,58]. 
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Table 1 
Tests associated with cognitive domains.  

Domain Test Most frequent 
observations/alterations 

References 

Language BT, TT Gestman’s syndrome, 
dysphasia, Disorders of 
spontaneous speech. 

[4,5,19] 

Language Verbal fluency tasks for 
fMRIs 

Generation of mental 
words to observe the 
lateralization of language 
(100% patients). 

[20,41,21, 
22] 

Memory Hopkins Verbal 
Learning, CC, Digit 
Retention, Rey- 
Osterrieth complex 
figure 

Test for working 
memory, short and long 
term memory; disorder 
for visuospatial memory 
6 months post surgery. 

[3,23] 

Executive 
function 

WCST; D-KEFS, 
Semantic and 
Phonological Verbal 
Fluency Test, RCPM, 
Clock Test, Cancellation 
Tests, TMT A&B, WAIS 

Deteriorated levels of 
general functioning in 
more than 44% of the 
population with High- 
grade glioma compared 
to Low-grade glioma and 
Healthy control. 
Significant deterioration 
6 months post surgery. 

[24,17,58] 

Empathy ER Recognition of emotions 
(happiness, anger, fear, 
sadness, disgust and 
neutral states) increased 
deterioration in patients 
with insular glioma. 

[26] 

TMT A&B: Trail Making Test; WCST: Wisconsin Card Sorting Test; D-KEFS: 
Delis-Kaplan Executive Function System; RCPM: Raven’s Colored Picture 
Matrices, WAIS: Wechsler Adult Intelligence Scale; HGG; ER: Emotion Recog-
nition Task; BT: Boston Test; TT: Token test; CC: Corsi Cubes; BT: Boston Test; 
CC: Corsi Cube Test; CC: Corsi Cube Test; CC: Corsi Cubes; CC: Corsi Cube Test; 
CC: Corsi Cube Test. 

Table 2 
Cerebral tracts most associated with cognition.  

Tract Associated cognitive function References 

Uncinate Fascicle, UF. It is involved in emotion processing, 
memory, inhibitory control, and decision 
making. 

[11,56,57, 
68] 

Cingulate Fasciculus, 
CF 

It is associated in the control of inhibition, 
impulses, working memory and executive 
functions. 

[11,56,57] 

Superior longitudinal 
fascicle, SLF 

It is associated with networks of attention 
control, working memory and strategy 
generation in executive functions. 

[9,11,47,56, 
57,66] 

Arched Fascicle, AF It is associated with language 
comprehension and production. 

[4,5,35] 

Fronto-occipital- 
inferior fascicle, 
IFOF 

It is associated with visual and language 
processing, attentional processes, 
memory and decision making. 

[66,67] 

UF: Uncinate Fasciculus; CF: Cingulate Fasciculus; SLF: Superior Longitudinal 
Fasciculus; AF: Arcuate Fasciculus, IFOF: Inferior Fronto-Occipital Fasciculus. 
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easily and rapidly [5,11,72] causing slower or in some cases no brain 
plasticity processes [71,73,74]. 

Therefore, high-grade glioma lesions cause deficits in cognitive do-
mains such as executive functions [17,18,55], memory [3,43], attention 
[9,47,75] and language [9,40] depending on the location of the lesion 
and the association with fibers it alters [70,72]. 

Deficits in attention are observed when tumors are located in pre-
frontal areas, thalamus, anterior cingulate and parietal cortex [9,17,46], 
as they interfere with networks in alertness, executive control and 
default mode [76,77].Table.1 and Table.2. 

Memory impairments are related to lesions in left dorsolateral areas 
of the frontal lobes, left temporo-parietal areas, basal ganglia and 

hippocampal atrophy [3,43,78]. 
Language deficits are well described in the literature, associated with 

lesions in Broca’s, Wernicke’s and medial frontal gyrus areas [15]. 
However, glioma infiltrating white matter fibers such as the superior 
longitudinal fasciculus [39,62,79], the uncinate fasciculus [34] and the 
arcuate fasciculus [5,35,36], represent a great risk for language loss [34, 
35]. 

Dysexecutive syndromes in patients with brain tumors are classically 
associated with damage to the prefrontal cortex [24]. However, it has 
been established that lesions infiltrating the white matter fibers that run 
from the prefrontal cortex to posterior areas and form the executive 
control network [11,24] and the default mode network [77], generate 
dis-executive syndromes in patients with non-frontal tumors [51,52,74], 
characterized by changes in behavior and empathic skills [11,21,80] 
necessary to sustain quality of life [58,48,61]. 

On the other hand, it has been documented that the cerebellum is 
connected by contralateral tracts with the cerebral hemispheres [4, 
81–83]. Therefore, lesions located in posterior areas of the right cere-
bellar hemisphere generate deficits in the cognitive functions associated 
with the left cerebral hemisphere [3,9,17,18] causing a Cognitive Af-
fective Cerebellar Syndrome (CACS) [25]. 

Another factor that generates cognitive deficits in patients with brain 
tumors are chemo and radiotherapy treatments [84–87]. These treat-
ments, although they demonstrate the most scientific evidence to com-
bat brain cancer, with the passage of time usually produce cortical 
atrophy [88,89] and alter the connections of the white matter networks 
[90,91]. [90,91]. 

Therefore, the study of cognitive deficits in this population, in rela-
tion to the disease and its treatments, will help to propose new tools to 
improve the quality of life of glioma patients [12,58]. 
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Table 1 
Tests associated with cognitive domains.  

Domain Test Most frequent 
observations/alterations 

References 

Language BT, TT Gestman’s syndrome, 
dysphasia, Disorders of 
spontaneous speech. 

[4,5,19] 

Language Verbal fluency tasks for 
fMRIs 

Generation of mental 
words to observe the 
lateralization of language 
(100% patients). 

[20,41,21, 
22] 

Memory Hopkins Verbal 
Learning, CC, Digit 
Retention, Rey- 
Osterrieth complex 
figure 

Test for working 
memory, short and long 
term memory; disorder 
for visuospatial memory 
6 months post surgery. 

[3,23] 

Executive 
function 

WCST; D-KEFS, 
Semantic and 
Phonological Verbal 
Fluency Test, RCPM, 
Clock Test, Cancellation 
Tests, TMT A&B, WAIS 

Deteriorated levels of 
general functioning in 
more than 44% of the 
population with High- 
grade glioma compared 
to Low-grade glioma and 
Healthy control. 
Significant deterioration 
6 months post surgery. 

[24,17,58] 

Empathy ER Recognition of emotions 
(happiness, anger, fear, 
sadness, disgust and 
neutral states) increased 
deterioration in patients 
with insular glioma. 

[26] 

TMT A&B: Trail Making Test; WCST: Wisconsin Card Sorting Test; D-KEFS: 
Delis-Kaplan Executive Function System; RCPM: Raven’s Colored Picture 
Matrices, WAIS: Wechsler Adult Intelligence Scale; HGG; ER: Emotion Recog-
nition Task; BT: Boston Test; TT: Token test; CC: Corsi Cubes; BT: Boston Test; 
CC: Corsi Cube Test; CC: Corsi Cube Test; CC: Corsi Cubes; CC: Corsi Cube Test; 
CC: Corsi Cube Test. 

Table 2 
Cerebral tracts most associated with cognition.  

Tract Associated cognitive function References 

Uncinate Fascicle, UF. It is involved in emotion processing, 
memory, inhibitory control, and decision 
making. 

[11,56,57, 
68] 

Cingulate Fasciculus, 
CF 

It is associated in the control of inhibition, 
impulses, working memory and executive 
functions. 

[11,56,57] 

Superior longitudinal 
fascicle, SLF 

It is associated with networks of attention 
control, working memory and strategy 
generation in executive functions. 

[9,11,47,56, 
57,66] 

Arched Fascicle, AF It is associated with language 
comprehension and production. 

[4,5,35] 

Fronto-occipital- 
inferior fascicle, 
IFOF 

It is associated with visual and language 
processing, attentional processes, 
memory and decision making. 

[66,67] 

UF: Uncinate Fasciculus; CF: Cingulate Fasciculus; SLF: Superior Longitudinal 
Fasciculus; AF: Arcuate Fasciculus, IFOF: Inferior Fronto-Occipital Fasciculus. 
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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 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 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, with 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 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 
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of vessel walls, focal mineralization, and coagulative 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

Cognitive rehabilitation is considered a well-established 
treatment to address cognitive impairments in many 
neurologic diseases such as traumatic brain injury (TBI), 
multiple sclerosis, and stroke.34–37 Cognitive rehabilitation 
“is a systematically applied set of medical and therapeutic 
services designed to improve cognitive 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 Cognitive rehabilitation is based on prin-
ciples of neural plasticity and functional reorganization39,40 
with 2 main underlying mechanisms: 1)  retraining and 
2)  functional compensation.35,41–43 Retraining strengthens 
impaired cognitive skills through repeatedly practicing 

cognitive 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 with compen-
sation being particularly appropriate for treating persistent 
cognitive 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 
Cognitive 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 
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psychiatry/psychology, speech language pathology, and 
occupational therapy help to comanage cognitive and 
emotional symptoms.

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 with 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 limitations. Establishing the natural history of 
cognition over the LrGG disease trajectory is challenged 
by methodological variability in the literature with 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 with 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 limited data from randomized trials.111 These limitations 
complicate our ability to develop a consensus regarding 
the cognitive needs and related treatments for brain tumor 
patients, and optimizing timing 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 optimize cognitive rehabilitation strategies 
and the timing of intervention (including strategies for 
network-based impairments) aligns with 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 
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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 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 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, with 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 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 
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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 tumours can cause significant disability, which may be amenable to multidisciplinary rehabilitation. However, the evidence base
for this is unclear.

Objectives

To assess the effectiveness of multidisciplinary rehabilitation in adults after primary brain tumour treatment, especially the types of
approaches that are effective (settings, intensity) and the outcomes that are affected.

Search methods

We searched the Cochrane Neuromuscular Disease Group Specialized Register (March week 2, 2012), The Cochrane Central Register
of Controlled Trials (CENTRAL, The Cochrane Library Issue 3, 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). We checked the bibliographies
of papers identified and contacted the authors and known experts in the field 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 services or lower levels of intervention, or studies that compared multidisciplinary
rehabilitation in different settings or at different levels of intensity.

Data collection and analysis

Three review authors independently assessed study quality, extracted data and performed a ’best evidence’ synthesis based on method-
ological quality.

Main results

No randomised controlled trials (RCTs) or controlled clinical trials (CCTs) were identified.

1Multidisciplinary rehabilitation after primary brain tumour treatment (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

J Rehabil Med 46

ORIGINAL REPORT

J Rehabil Med 2014; 46: 754–760

© 2014 The Authors. doi: 10.2340/16501977-1840
Journal Compilation © 2014 Foundation of Rehabilitation Information. ISSN 1650-1977

Objective: To evaluate effectiveness of a multidisciplinary 
rehabilitation program for persons following definitive pri-
mary brain tumour treatment in a community cohort. 
Methods: 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 Independence Measure (FIM), measured ‘Activity’ 
limitation; secondary measures included Depression, Anxi-
ety Stress Scale, Perceived Impact 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. Intention-to-treat analysis 
showed a significant difference between groups at 3-month 
in favour of multidisciplinary rehabilitation program in 
FIM motor subscales: ‘self-care’, ‘sphincter’, ‘locomo-
tion’, ‘mobility’(p < 0.01 for all); and FIM ‘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, 
significant improvement in the treatment group was main-
tained only for FIM ‘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. 
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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 
disability and morbidity; associated with significant costs and 
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). 
Despite various treatment options, patients suffer significant 
medium to longer-term functional and psychosocial impair-
ments that limit daily activity and participation (6, 7). 

The International Classification of Functioning, Disability 
and Health (ICF) (8) framework defines a common language 
for describing the impact of disease at different levels. For 
example, BT related ‘impairments’ (headaches, seizures, neuro-
cognitive dysfunction, paresis, dysphasia), can limit ‘activity’ 
(decreased mobility, inability to self-care) and ‘participation’ 
(work, family, social reintegration), and reduce life span (9). 
One study reported that a quarter of the adult survivors of child-
hood BTs experience visual and/or hearing deficits (23%), loss 
of sensation (21%) (10) and significantly lower muscle strength 
(grip, knee extension) and exercise tolerance compared with 
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 
of life (QoL). Patients discharged back to the community 
are confronted by various ongoing concerns (relationship, 
employment, recurrence) in the medium to longer-term (11). 
Families often struggle to cope with new demands associated 
with increased care needs, inability to return to driving and 
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Rehabilitation therapy for patients with glioma
A PRISMA-compliant systematic review and meta-analysis
Kai Zhao, MDa , Chaojun Yu, MMb, Zhichao Gan, MMc, Minhao Huang, MMa, Tingting Wu, MMa,
Ninghui Zhao, MDa,∗

Abstract
Background: Glioma is the most common type of brain tumor because of the destructiveness of the disease itself and the side
effects of treatment, patients often leave symptoms of neurological defects. At present, rehabilitation treatment is not popular in
glioma patients. There is a lack of definite evidence to prove the benefits of rehabilitation therapy for glioma patients. The purpose of
this meta-analysis is to determine whether rehabilitation therapy can significantly improve the prognosis of neurological function and
improve the quality of life of patients with glioma.

Methods: The articles about rehabilitation treatment of glioma in Cochrane, PubMed, and Embase, Web of Science, and Medline
database from January 1990 to May 2020 were searched. Before rehabilitation as the control group, after rehabilitation as the
experimental group. The Functional Independence Measure (FIM) was used as the outcome index, including total FIM, motor FIM,
and cognitive FIM. Use STATA12.0 for meta-analysis.

Results: A total of 8 articles were included in the study, with a total of 375 glioma patients. Meta-analysis of total FIM (SMD=0.96,
95%CI=0.66–1.26, P< .001), motor FIM (SMD=0.75, 95%CI=0.54–0.96, P< .001) and cognitive FIM (SMD=0.35, 95%CI=
0.19–0.50, P< .001) indicated that the neurological function of rehabilitation was significantly improved in total, motor and
consciousness.

Conclusion: The published studies show that rehabilitation therapy can improve the functional prognosis and quality of life of
glioma patients. More attention should be paid to the therapeutic value of rehabilitation for glioma patients in the future.

PROSPERO registration number: PROSPERO CRD42020188740.

Abbreviations: FIM = functional independence measure, GBM = Glioblastoma multiforme, HGG = high-grade gliomas, LGG =
low-grade gliomas, ROBINS-I = risk of bias in non-randomized studies of interventions, WHO = World Health Organization.

Keywords: functional recovery, glioma, meta-analysis, rehabilitation

1. Introduction

Glioma is a tumor originating from brain glial cells, which is the
most common in primary brain tumors.[1] The World Health

Organization (WHO) classifies gliomas as I-IV grade, of which
low-grade gliomas (LGG) are I-II grade and high-grade gliomas
(HGG) are III-IV grade.[2] The disease has a certain risk of
recurrence, especially in the high-level group. Including in situ
recurrence, distant recurrence and spinal cord dissemination, and
other special ways, of which in situ recurrence is the most
common.[3] The main clinical manifestations include increased
intracranial pressure, epilepsy, neuromotor function, and cogni-
tive impairment. The treatment is mainly surgical treatment,
postoperative combined with radiotherapy and chemotherapy,
and other comprehensive treatment. The disease requires the
cooperation of neurosurgery, radiology, pathology, and rehabil-
itation medicine to adopt individual comprehensive treatment to
achieve the best treatment benefit and improve the quality of life
of patients.[4] Tumor self-destruction and surgical treatment or
postoperative radiotherapy and chemotherapy lead to obvious
symptoms of neurological impairment in many patients.
Functional Independence Measure (FIM) was a functional

assessment standard developed in the 1980s, which reflected the
ability of daily life of the disabled more objectively and
comprehensively, including self-care, sphincter control, mobility,
locomotion, communication, and social cognition. There are 18
items in the above 6 categories. 1–7 points for each item, out of a
total of 126 points. Motor FIM contains a total of 13 items in the
first 4 categories, while cognitive FIM refers to a total of 5 items in
the last 2 categories.[5] FIM increases the content of cognitive and
social aspects, and the evaluation of each item is more detailed, so
it is more sensitive and accurate than the Barthel index in
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Quelle amélioration de la fonction neurologique 
après réhabilitation dans le cadre de gliomes?
CJP: Mesure d’Indépendance Fonctionnelle MIF

Figure 1. The flow chart shows the study selection procedure. Eight studies were included in this meta-analysis.

Table 1
Characteristics of Studies Included in Meta-analyses.

Study Year
Glioma
grade

Male/
Female

Age
(year, mean)

Functional
index

Admission
number

Admission
score mean±SD

Discharge
number

Discharge score
mean±SD

Christina 2001 WHO (I-IV) 18/16 51.2 FIM 34 FIM motor=41.2±13.5 34 FIM motor=55.7±19.7
FIM cogn=21.1±7.4 FIM cogn=23.7±6.2

Greenberg 2006 WHO (I-IV) 20/20 54.1 FIM 40 FIM total=68.2±24.2 40 FIM total=80.7±33.6
FIM motor=46.7±30.9 FIM motor=59.3±36.6
FIM cogn=13.0±6.7 FIM cogn=13.3±8.7

Vivien Tang 2008 WHO IV 8/10 61.4 FIM 18 FIM total=85.3±20.9 18 FIM total=92.0±19.3
FIM motor=52.7±22.5 FIM motor=66.3±26.5
FIM cogn=31.3±4.8 FIM cogn=30.6±7.2

Jack B.Fu 2010 WHO (I-II) 10/11 31.0 FIM 16 FIM total=73.6±17.3 16 FIM total=86.6±21.1
20 FIM cogn=25.1±6.7 20 FIM cogn=26.7±6.3

WHO (III-IV) 12/9 31.7 FIM 15 FIM total=64.9±11.1 15 FIM total=86.6±14.1
18 FIM cogn=20.4±8.6 18 FIM cogn=25.0±7.0

Bartolo 2011 WHO IV 21/22 62.0 FIM 43 FIM total=43.3±16.5 43 FIM total=72.5±24.2
FIM cogn=20.9±9.5 FIM cogn=26.6±7.1

Fary Khan 2014 WHO (I-IV) 22/31 53.1 FIM 53 FIM motor=68.0±10.7 41 FIM motor=77.5±14.2
FIM cogn=25.5±4.2 FIM cogn=30.5±4.2

Pamela S 2014 WHO IV 58/37 62.5 FIM 95 FIM total=54.2±17.1 95 FIM motor=73.9±20.0
FIM cogn=18.9±6.8 FIM cogn=17.7±7.0

Julia M 2020 WHO IV (iGBM) 17/8 61.6 FIM 25 FIM total=55.4±14.5 25 FIM total=74.4±23.4
FIM motor=33.7±11.5 FIM motor=48.6±18.6
FIM cogn=19.5±5.7 FIM cogn=22.6±10.2

WHO IV (rGBM) 15/10 60.8 FIM 25 FIM total=54.8±14.5 25 FIM total=78.5±23.4
FIM motor=33.9±11.5 FIM motor=52.2±18.6
FIM cogn=18.6±5.7 FIM cogn=22.6±10.2

FIM= functional independence measure, iGBM= initial glioblastoma, rGBM= recurrent glioblastoma.
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3.1. Meta-analysis results
The effect of rehabilitation on total FIM of glioma patients, 6 of
the 8 articles included recorded 8 sets of complete data. Julia and
Fu’s studies contain two sets of data each. The heterogeneity
among the studies was obvious (heterogeneity test: P= .016, I2=
59.4%), so the random effect model was used. The results
showed that rehabilitation treatment had statistical significance
in improving total FIM score SMD=0.96, 95%CI=0.66–1.26
(P< .005). The heterogeneity was large, but there were less than

10 articles, so there was no Meta-regression analysis. According
to the subgroup analysis of glioma WHO grade, we found that
the high-grade glioma (HGG) subgroup I2=45.9% and the non-
high-grade glioma (NHGG) including low-grade glioma group
and mixed glioma group was heterogeneity I2=0.0%, indicating
that the WHO grade of the tumor may be the source of
heterogeneity. There were 5 articles providing 6 groups of
data in motor FIM, 7 articles providing 9 groups of data in
cognitive FIM. The study of Fu recorded the data of high-grade

Figure 2. A. Forest plots for total FIM (HGG=high-grade gliomas; NHGG=non high-grade gliomas). B. Forest plots for motor FIM. C. Forest plots for cognitive FIM.
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and low-grade glioma patients, while Julia recorded the data of
primary GBM and recurrent GBM. The heterogeneity of motor
and cognitive subscale of FIMwere I2=13.7%, P= .327 and I2=
0%, P= .546, respectively. Under the fixed-effect model, the
Meta-analysis showed that the scores ofmotor FIMand cognitive
FIM of rehabilitation treatment were SMD=0.75, 95%CI=
0.54, 0.96 and SMD=0.35 95%CI=0.19, 0.50 respectively
(P< .05). (Fig. 2A–C)
The shapes of the funnel were symmetrical (Fig. 3A–C). The

results of the Egger test were shown in Table 2, indicating that
there was no obvious publication bias in the three groups.
In the sensitivity analysis of 3 groups, no study was found to

affect the total merger effect. (Fig. 4A–C)

4. Discussion

Gliomas are the most common brain tumor, accounting for 81%
of brain malignant tumors, with an annual incidence of about
5.26 million. Glioma is a serious disease that endangers human
health and affects the quality of life.[23] Gliomas originate from
neuroectoderm, including astrocytoma, oligodendroglioma,
ependymoma, mixed glioma, and so on. The treatment is
combined with radiotherapy and chemotherapy after surgical
resection. With the application of functional magnetic resonance
imaging and neuronavigation, the development of fluorescent
chromogenic technology and bioengineering technology, the
improvement of radiotherapy and chemotherapy, and the rapid
progress of new therapies such as gene therapy and immuno-
therapy, the treatment of glioma has also made great progress.
However, due to the strong invasiveness of the tumor itself, high
recurrence rate, and poor prognosis, the average survival time is
only 14 to 16 months.[24]

Due to the destruction of the disease itself and the side effects
of treatment, most patients with gliomas have varying degrees

of functional and psychosocial disorders, daily activities and
social participation are limited, and the quality of life is reduced.
Proper rehabilitation can improve the function ofmost patients.
The purpose of rehabilitation for cancer patients is to enable
them to improve their motor ability based on adapting to their
physical state and strive to achieve self-care and let them live
independently.[25] At present, a large number of studies have
confirmed that rehabilitation is of significance for the functional
improvement of patients with brain tumors.[15,17–19,26–29]

However, there are some differences in the research results.
Fary Khan found that during the follow-up of the effect of
rehabilitation treatment in patients with primary brain tumors,
the gain of ’sphincter’, and “cognitive” subscales was statisti-
cally significant, other subscales had no difference including
motor.[21] Pamela found that although rehabilitation treatment
could not significantly improve the survival time of patients, it
could improve the prognosis of most GBM patients, mainly in
the field of the motor, but the improvement of disturbance of
cognition and sphincter control was not significant.[20] Tang
found that patients with Glioblastoma multiforme (GBM) and
intracranial metastases tended to show longer survival if
their FIM scores increased significantly after rehabilitation.[17]

It can be seen that rehabilitation therapy has different views
on the improvement of disturbance of cognition and survival
time of glioma. Studies on cognition, have shown that
rehabilitation therapy was less efficient for glioma patients
than stroke patients, because stroke patients had more damage
to this area, so they would get better gain in this area.[19]

Cognitive impairment was not conducive to the rehabilitation
of patients, the mental state of admission was poor, the
rehabilitation effect was also poor, there was a significant
positive correlation.[30,31] Besides, there were individual differ-
ences in the degree of patients’ response to rehabilitation
intervention. For the selection of people with rehabilitation

Figure 2. (Continued).
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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 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 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.

Keywords

cognitive outcomes | cognitive rehabilitation | low-grade glioma | neurocognitive outcomes |  
primary brain tumor

Survival for patients with lower-grade diffuse gliomas (LrGGs)–
grades II and III—is improving, with 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 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 
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distributed functional networks and intact white-matter 
tracts, rather than highly localized cognitive skills.52 
LrGG patients commonly demonstrate cognitive impair-
ments in attention and concentration,52,53 processing 
speed,14,21,52 learning and memory,14,54 and executive 
functions.14,20,21,53 Recent studies of cognitive rehabilita-
tion strategies to address these impairments have dem-
onstrated feasibility and efficacy in patients with brain 
tumors (Table 1).35,36,46–50,55–60 However, there are limited 
studies in LrGG patients alone because most studies in-
clude a mixture of low- and high-grade gliomas, as well 
as meningiomas and metastatic lesions.55,56 The fol-
lowing is an overview of the most common cognitive 
impairments and related rehabilitation strategies used in 
brain tumors with an emphasis on data relevant to pa-
tients with LrGG. Though we focus on improvement in 
the targeted cognitive domain, studies support improve-
ments across multiple cognitive domains after rehabili-
tation, as reflected in Table 1.48 We also discuss practical 
considerations for implementation.

Attention/Concentration

A majority of everyday functions rely on one’s ability 
to direct, divide, and sustain attention to aid task com-
pletion.63 Attentional abilities interact with many other 
cognitive domains, and improvements in attention can 
increase overall cognitive processing.64 Selective at-
tention, or the ability to focus on chosen stimuli while 
ignoring distractions, is often susceptible to effects of 
brain disorders, including tumors.63,65 Other aspects of 
attention, such as sustaining a state of mental concen-
tration over a period of time and/or dividing attention be-
tween tasks, are also more challenging following 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 with ra-
diotherapy vs not found a significant decline in atten-
tion with a mean follow-up of 12 years after diagnosis.66 
Some antiepileptic drugs are associated with impairments 
in attention.67 Fatigue and low mood, reported in 42% of 
low-grade glioma patients following surgery,13 can also 
contribute to diminished 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 management, relaxation strategies, and 
pacing education, along with focus on self-awareness 
and problem solving to reduce attentional lapses.36,73,74 
Several studies have demonstrated feasibility with cog-
nitive retraining and compensatory strategy training 
in LrGG patients with positive cognitive outcomes.47,48 
A randomized controlled trial of 6 weekly cognitive 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 with high- and low-grade glioma 

  

Acquisition

Application

Adaptation

•  Promote transfer of training to less structured and
more novel tasks to improve daily functioning

•  Can include environmental modification, medication 
management,cooking, community navigation, 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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Total = 13
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daily for 6 sessions 
of cognitive rehabil-
itation and problem-
solving therapy 
intervention

  Glioma = 11

  Control: usual care 
without cognitive 
training
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lobe tumors
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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
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treated primary frontal 
lobe tumors
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Total = 21
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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 with 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 Cognitive Rehabilitation: 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
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From the aCognitive Rehabilitation Department, John F. Kennedy Johnson Rehabilitation Institute, Hackensack Meridian Health System,
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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
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Abstract
Objectives: 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 Selection: 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 Extraction: Articleswere reviewed by theCognitiveRehabilitationTask Force (CRTF)members according to specific criteria for study design and
quality, and classified as providing class I, class II, or class III evidence. Articles were assigned to 1 of 6 possible categories (based on interventions for
attention, vision and neglect, language and communication skills, memory, executive function, or comprehensive-integrated interventions).
Data Synthesis: Of 121 studies, 41 were rated as class I, 3 as class Ia, 14 as class II, and 63 as class III. Recommendations were derived by CRTF
consensus from the relative strengths of the evidence, based on the decision rules applied in prior reviews.
Conclusions: CRTF has now evaluated 491 articles (109 class I or Ia, 68 class II, and 314 class III) and makes 29 recommendations for evidence-based
practice of cognitive rehabilitation (9 Practice Standards, 9 Practice Guidelines, 11 Practice Options). Evidence supports Practice Standards for (1)
attention deficits after TBI or stroke; (2) visual scanning for neglect after right-hemisphere stroke; (3) compensatory strategies for mild memory deficits;
(4) languagedeficits after left-hemisphere stroke; (5) social-communication deficits after TBI; (6)metacognitive strategy training for deficits in executive
functioning; and (7) comprehensive-holistic neuropsychological rehabilitation to reduce cognitive and functional disability after TBI or stroke.
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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
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IDH1-R132H-wild-type Nuclear ATRX lost

IDH1-R132H-wild-type H3-K27M-mutant
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of vessel walls, focal mineralization, and coagulative 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

Cognitive rehabilitation is considered a well-established 
treatment to address cognitive impairments in many 
neurologic diseases such as traumatic brain injury (TBI), 
multiple sclerosis, and stroke.34–37 Cognitive rehabilitation 
“is a systematically applied set of medical and therapeutic 
services designed to improve cognitive 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 Cognitive rehabilitation is based on prin-
ciples of neural plasticity and functional reorganization39,40 
with 2 main underlying mechanisms: 1)  retraining and 
2)  functional compensation.35,41–43 Retraining strengthens 
impaired cognitive skills through repeatedly practicing 

cognitive 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 with compen-
sation being particularly appropriate for treating persistent 
cognitive 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 
Cognitive 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 
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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, Panorama des Cancers, 2023
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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 diagnostic, près de deux tiers des personnes touchées par la maladie 
souffrent de séquelles dues au cancer ou aux traitements. Tous les organes et toutes les 
dimensions (physique, psychique, sociale, spirituelle) d’une personne peuvent être 
concernés. 
Les séquelles, troubles et dysfonctionnements les plus cités concernent notamment les 
modifications de l’image du corps, les douleurs, la fatigue, les troubles moteurs ou de la 
vision, et les difficultés sexuelles. Trois fois sur quatre, ces séquelles ne font pas l’objet 
d’un suivi médical spécifique. 
 
OBJECTIF	:  
Réduire au maximum les séquelles physiques, mentales, socio-économiques rapportées 
par les personnes, par la prévention de leur apparition, leur dépistage pour une 
intervention précoce, leur traitement curatif ou leur atténuation. 
 

EFFET ATTENDU POUR LES PERSONNES	:  
Diminuer le fardeau des séquelles par leur objectivation et leur signalement en temps 
réel, permettant d’anticiper et d’adapter la réponse aux besoins grâce à un suivi des soins 
et des prestations plus pertinent. 
 

ÉLÉMENTS CONSTITUTIFS DE L’ACTION	: 
§ Expérimenter un dispositif pluridisciplinaire et intégré de dépistage et de traitement 

des séquelles (action II.7.1) 
§ Structurer et faire connaître l’offre existante de prise en charge des séquelles (action 

II.7.2) 
§ Développer des outils de dépistage et d'évaluation des séquelles, fondés sur un recueil 

des données auprès des patients (action II.7.3) 
§ Élaborer des recommandations organisationnelles et de bonne pratique sur les 

séquelles (prévention, dépistage, gestion) (action II.7.4) 
§ Former les professionnels de santé médicaux et paramédicaux, de ville et hospitaliers 

(action II.7.5) 
§ Améliorer l’information des patients aux temps forts du parcours et développer des 

programmes d’éducation thérapeutique (action II.7.6)  
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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
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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
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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?

66



Fleming et al, BMJ, 2023
STATE OF THE ART REVIEW

the bmj | BMJ 2023;380:e071726 | doi: 10.1136/bmj-2022-071726 5

the hippocampal homogenate, a key antioxidant cell 
component.66 Elevated ROS cause neuronal damage 
by disrupting antioxidant enzymes such as manganese 
superoxide dismutase, leading to mitochondrial 
dysfunction, inducing apoptosis via exposure to the 
pro-apoptotic proteins bcl-2-like protein 4 and p53,67 
triggered by elevated ROS and related DNA damage. 
The subsequent secretion of cytochrome c triggers 
caspase signaling, notably apoptosis initiator caspase 
9 and then caspase 3, causing apoptosis,68 with 
deleterious effects on cognition.

Neuroinflammation
Neuroinflammation is associated with pro-
inflammatory cytokines in the CNS and activation 
of microglia and astrocytes when peripheral 
toxins cross the BBB.69 Major pro-inflammatory 
cytokines associated with CICI include TNFα, a 
potent pro-inflammatory cytokine, interleukin-6 
and interleukin-1β.70 Patients with breast cancer 
receiving anthracycline treatment have been shown 
to have higher concentrations of tumor necrosis 
factor receptors (sTNFRI and sTNFRII) and were 
associated with lower cognitive scores.70 High 
concentrations of TNF-α and interkeukin-6 in the 

whole brain, hippocampus, and prefrontal cortex 
have been found in mice receiving a combination 
of docetaxel, adriamycin, and cyclophosphamide.71 
Pro-inflammatory mediators generated in the 
periphery can enter the brain via diffusion, influx 
transport, or ROS induced damage to the BBB.72

Chemotherapy related neuroinflammation may 
arise via several possible mechanisms.11 Elevated 
cerebral ROS induced by antineoplastic action 
in the periphery may oxidize apolipoprotein-1, 
inhibiting its ability to mediate the transcription 3 
signaling cascade, triggering macrophage produced 
pro-inflammatory cytokines.73 Next, peripherally 
available pro-inflammatory cytokines—namely, 
interleukin-1β and TNF-α—pass through the BBB 
via simple diffusion. Once they are in the brain, 
subsequent microglial and astrocyte activation 
triggers a neuroinflammatory response and generates 
a further excess of pro-inflammatory cytokines.73 
Cytokines disrupt the cellular processes involved 
in proliferation and neuronal differentiation, to 
the detriment of neuroplasticity.74 Together, the 
self-perpetuating neuroinflammatory response 
to chemotherapeutic agents, originating in the 
periphery, could contribute to CICI.
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Fig 2 | Putative mechanisms of chemotherapy induced cognitive impairment. Blood-brain barrier (BBB) breakdown: chemotherapeutic agents elevate 
peripheral pro-inflammatory cytokine and reactive oxygen species (ROS) concentrations, which disrupt tight junctions of the BBB, leading to influx 
of neurotoxic substances that damage brain tissues. Neuroinflammation: peripherally generated pro-inflammatory cytokines cross the BBB causing 
microglial activation and a self-perpetuating neuroinflammatory response leading to neuronal cell death. Oxidative stress: systemic excess of ROS 
can cause DNA damage, which subsequently triggers apoptotic pathways and cell death. Impaired neurogenesis: dysfunction of neuron formation 
in the hippocampus could arise from cytokine related neuroinflammation, ROS damaging neural precursor cells, or cytotoxic reactions from the 
chemotherapeutic agent. Decreased neurotransmission: single nucleotide polymorphisms in catechol methyltransferase, an enzyme that degrades 
catecholamines, plays a role in risk of chemotherapy induced cognitive impairment, implicating neurotransmitter concentrations. COMT=catechol-O-
methyltransferase; IL=interleukin; TNF=tumor necrosis factor
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Neurotransmission
Neurotransmitter dysfunction has been associated 
with CICI. Catechol-O-methyltransferase (COMT) 
plays an important role in the metabolism of 
catecholamines including dopamine, epinephrine, 
and norepinephrine.75 Dopamine neurotransmission 
is involved in episodic memory encoding and 
retrieval via nerve cell signaling, and people 
homozygous for the COMT Val allele have lower 
concentrations of cortical dopamine.76 The valine 
allele of COMT has been identified as a risk factor 
for the later development of CICI.77 Comparison 
of COMT (rs165599, rs737865) polymorphisms 
in a longitudinal cohort study of patients with 
breast cancer showed that patients with the COMT 
(rs737865) A/G and G/G genotype had higher Mini-
Mental State Examination and time based prospective 
memory scores than did patients with the COMT A/A 
(rs165599) genotype.78

Neurogenesis
Chemotherapeutic agents of many types have been 
associated with a decline in hippocampal cell 
proliferation in rodents, including anthracyclines 

such as doxorubicin and antimetabolites such as 
methotrexate.79 80 Furthermore, pro-inflammatory 
cytokines such as TNF-α, elevated during 
chemotherapy, are also associated with a decrease 
in hippocampal cell proliferation indicated by 
a reduction in neuro-specific nuclear antigen 
bromodeoxyuridine labeled cells in rodent models.81 
Moreover, even at low doses, cisplatin reduced 
hippocampal dendritic spine density and induced 
neuronal apoptosis, then impairing neurogenesis in 
rodents.82 Adult neurogenesis in the hippocampus 
has been linked to learning and memory, as immature 
neurons are thought to possess higher synaptic 
and structural plasticity, which can facilitate 
hippocampal function.83

Putative mechanisms of endocrine therapy induced 
cognitive impairment
Breast cancer
Estrogen receptor positive breast cancers respond 
to endocrine therapies via disruption of hormone 
dependent tumor growth pathways.84 Endocrine 
therapies have been shown to increase both 
subjective cognitive complaints and objective 

(VWUDGLRO 7HVWRVWHURQH

1�PHWK\O�'�
DVSDUWDWH

0Q62'

0Q62'

9(*)

9(*)5

%ORRG�EUDLQ
EDUULHU

*HQH
H[SUHVVLRQ

$FWLYDWHG
HQGRWKHOLDO

FHOO

$FWLYDWHG
PLFURJOLD

0LFURJOLD

+RUPRQH�WKHUDS\ ,PPXQRWKHUDS\ 7DUJHWHG�WKHUDS\

,)1�\

71)�_

,/��

%UDLQ�GHULYHG
QHXURWURSKLF�IDFWRU

(�
(�

(�
(�

(�

$`

$`

+2
1+�

2+

22
+2

1+�

2+

22

'HFUHDVHG
DQJLRJHQHVLV�DQG
FHUHEUDO�EORRG�ƠRZ

'HFUHDVHG
QHXURJHQHVLV

0LWRFKRQGULDO
GDPDJH

,QFUHDVH�LQ
SUR�LQƠDPPDWRU\

F\WRNLQHV

71)�_

,/��

$QWL�DQJLRJHQLF
3URWHDVRPH
LQKLELWRU

&DU����FHOO
'HFUHDVHG

DQWLR[LGHQW�DELOLW\

'HFUHDVHG
DP\ORLG

`
FOHDUDQFH

9(*)
LQKLELWLRQ

3URWHDVRPH
LQKLELWLRQ

Fig 3 | Possible mechanisms underlying cognitive impairment associated with hormone, immune, and targeted therapy. Hormone therapy: decreased 
estradiol concentrations may reduce N-methyl-D-aspartate receptor concentrations, down-regulate brain derived neurotrophic factor expression, 
and reduce the antioxidant ability of cells in the brain to counteract elevated reactive oxygen species concentrations. Reduction in testosterone may 
cause similar effects to antioxidants and brain derived neurotrophic factors, with impairments to neprilysin that may impair the clearance of amyloid 
β. Immunotherapy: Chimeric antigen receptor (CAR)-19 T cell binding with cell surface antigens on target molecules can lead to cytokine release 
syndrome, in which concentrations of pro-inflammatory cytokines such as interleukin-6 (IL-6), tumor necrosis factor- α (TNF-α), and interferon-γ 
(IFN-γ) are elevated. These cytokines can then cross the blood-brain barrier, activating microglia and causing a neuroinflammatory response 
leading to neuronal cell death. Targeted therapy: anti-angiogenic tyrosine kinase inhibitors disrupt vascular endothelial growth factors, which 
may reduce cerebral blood flow and impair neurogenesis. Proteasome inhibitors may damage mitochondria and elevate pro-inflammatory cytokine 
concentrations, giving rise to neuroinflammation and leading to cell death. VEGF=vascular endothelial growth factor; VEGFR=vascular endothelial 
growth factor receptor
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“chemobrain” or “chemofog” or “chemotherapy” 
or “immunotherapy” or “hormone therapy” or 
“targeted therapy” and “cognitive impairment” or 
“cognitive dysfunction” or “cognitive processes” or 
“memory problems”. This provided 1270 articles, 
which we filtered to exclude books, documents, case 
reports, commentaries, and other irrelevant articles 
and then screened for relevance. This left 502 
articles for subsequent review and consideration. 
We applied limited exclusion criteria, excluding 
articles concerned with cancer related cognitive 
impairments only or regarding patients with 
cognitive impairment and CNS cancers. Larger 
sample studies using validated neuropsychological 
testing are highlighted in this review. We included 
within participant longitudinal designs that measure 
cognition throughout and after cancer treatment, 
as well as cross sectional investigations. Searches 
of clinicaltrials.gov found 37 ongoing clinical trials 
testing drug and non-drug interventions for the 
cognitive sequelae of systemic anticancer therapy, 
which we screened for relevance. Where clinical trial 
data were not available, we gained insights from 
animal studies. Moreover, we included review articles 
that provide more specific overviews of mechanistic 
subsections. We did searches for cognitive deficits 
associated with chemotherapy, immunotherapy, 
hormone therapy, and targeted therapy. In total, we 
included 200 references.

Epidemiology
Differences in study designs, including measures and 
definitions of cognitive impairment and lack of pre-
treatment measurement of cognitive function, make 
ascertaining the incidence of cognitive impairment 

after cancer treatment difficult.10 Prevalence rates of 
self-reported cognitive complaints associated with 
chemotherapy are variable, ranging between 21% 
and 34% in patients with breast cancer.9 Despite most 
clinical studies investigating cognitive impairment 
having been conducted in chemotherapy treated 
breast cancer populations,11 evidence in support of 
chemotherapy induced cognitive impairment (CICI) 
spans a variety of prevalent cancers, including 
lung, colorectal, and gynecological cancers.12-14 
However, these studies are few, and a clear need 
exists to establish more robust evidence for CICI in 
cancers other than the most studied breast cancer 
group, especially neuroimaging studies in which sex 
differences can affect results.

Comparison of chemotherapy treated survivors of 
breast cancer 10 years post-chemotherapy treatment 
and healthy matched controls has shown cognitive 
deficits in aspects of working memory, psychomotor 
speed, and executive function.15 Additionally, 
objective neuropsychological changes in executive 
function, verbal memory, and processing speed 
and white matter microstructural alterations can 
be observed up to 10-20 years after chemotherapy 
treatment.16 17 A recent review of longitudinal cohort 
studies in patients with breast cancer suggests that 
15% of these patients improve within one month of 
treatment and 31% improve after one year of follow-
up,18 which leaves a large proportion of patients 
having persistent symptoms.

Other factors that influence CICI include dosage, 
age, and genetic risk factors. Dosage of chemotherapy 
treatment is thought to influence incidence rates, 
with one study reporting 32% of patients treated with 
high doses experiencing cognitive deficits compared 

3URFHVVLQJ�VSHHG

([HFXWLYH�IXQFWLRQLQJ

:RUNLQJ�PHPRU\

9HUEDO�PHPRU\

$VSHFWV�RI�FRJQLWLRQ�LPSDLUHG

&DWHFKRO�2�PHWK\O�
WUDQVIHUDVH��&207�

�9DO�DOOHOH�

$SROLSRSURWHLQ�H�
�$32(��

526

%UDLQ�GHULYHG
QHXURWURSKLF�IDFWRU

�%'1)�
�9DO�DOOHOH�

*HQHWLF�ULVN�IDFWRUV

,PSDLUHG�QHXUDO
SODVWLFLW\��UHJHQHUDWLRQ�
DQG�QHXURQDO
GHJHQHUDWLRQ�LQ
SUHIURQWDO�FRUWH[

'HFUHDVHG�GRSDPLQH
DVVRFLDWHG�ZLWK
HOHYDWHG�&207�
HQ]\PDWLF�DFWLYLW\
LQ�IURQWDO�FRUWH[

,PSDLUHG�
KLSSRFDPSDO
QHXURJHQHVLV

1HXURLQƠDPPDWRU\
UHVSRQVH�WR�R[LGDWLYH
VWUHVV�DQG�SUR�
LQƠDPPDWRU\
F\WRNLQHV

0HFKDQLVPV

$32(�H��JHQH

*UD\�PDWWHU
YROXPH
1HXURƟODPHQW�
OLJKW�FKDLQ

+LSSRFDPSDO�DWURSK\��
UHGXFHG�%'1)�OHYHOV

3UR�LQƠDPPDWRU\
F\WRNLQHV
�,/����,/����,/����71)�_��

%LRPDUNHUV

$

D

-

N

0/
0

P1 23

.

45

U

6
J

*

)
+('G&

% E N

S
H

T
7 8

I

:

;

9

Y
Q K M

<=

VX L[

\
526

&207
�9DO�DOOHOH�

$32(�

1+�

&2Ư+

*OX����
$UJ���
$UJ����

Fig 1 | Cognitive effects, genetic risk factors, mechanisms, and potential biomarkers implicated in cognitive impairment associated with cancer 
treatment. IL=interleukin; TNF=tumor necrosis factor
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→ altérations fonctionnelles
→ atteintes structurelles
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Longitudinal assessment of chemotherapy-induced changes in brain and
cognitive functioning: A systematic review
Mingmei Li, Karen Caeyenberghs⁎

School of Psychology, Faculty of Health Sciences, Australian Catholic University, 115 Victoria Parade, Melbourne VIC 3065, Australia

A R T I C L E I N F O

Keywords:
Chemobrain
Cognitive impairment
Chemotherapy
Diffusion MRI
Anatomical MRI
Functional MRI

A B S T R A C T

In addition to the burden of a life-threatening diagnosis, cancer patients are struggling with adverse side-effects
from cancer treatment. Chemotherapy has been linked to an array of cognitive impairments and alterations in
brain structure and function (“chemobrain”). In this review, we summarized the existing evidence that evaluate
the changes in cognitive functioning and brain with chemotherapy, as assessed using structural and functional
MRI-based techniques in a longitudinal design.

This review followed the latest PRISMA guidelines using Embase, Medline, PsychINFO, Scopus, and Web of
Science databases with date restrictions from 2012 to 2017. Fourteen research articles met the key inclusion
criteria: (i) the studies involved adult cancer patients (mean age≥ 18); (ii) the use of chemotherapy in the
treatment of cancer; (iii) pre-post assessment of behavioral and brain-based outcomes; and (iv) abstracts written
in English. Effect sizes of subjective and objective cognitive impairments from the reviewed studies were esti-
mated using Cohen’s d or z-scores. We calculated percentage of mean change or effect sizes for main neuroi-
maging findings when data were available. Strength of the correlations between brain alterations and cognitive
changes was obtained using squared correlation coefficients.

Small to medium effect sizes were shown? on individual tests of attention, processing speed, verbal memory,
and executive control; and medium effect sizes on self-report questionnaires. Neuroimaging data showed re-
duced grey matter density in cancer patients in frontal, parietal, and temporal regions. Changes in brain function
(brain activation and cerebral blood flow) were observed with cancer across functional networks involving (pre)
frontal, parietal, occipital, temporal, and cerebellar regions. Data from diffusion‐weighted MRI suggested re-
duced white matter integrity involving the superior longitudinal fasciculus, corpus callosum, forceps major, and
corona radiate, and altered structural connectivity across the whole brain network. Finally, we observed mod-
erate-to-strong correlations between worsening cognitive function and morphological changes in frontal brain
regions.

While MRI is a powerful tool for detection of longitudinal brain changes in the ‘chemobrain’, the underlying
biological mechanisms are still unclear. Continued work in this field will hopefully detect MRI metrics to be used
as biomarkers to help guide cognitive treatment at the individual cancer patient level.

1. Introduction

Based on GLOBOCAN estimates, produced by the International
Agency for Research on Cancer, about 14.1 million new cancer cases
and 8.2 million deaths occurred in 2012 worldwide (Torre et al., 2015).
Chemotherapy is a systemic treatment for cancer that has increased
survival rate. Unfortunately, chemotherapy has well-known neurotoxic
side effects such as peripheral neuropathy and ototoxicity. Although the
underlying molecular and cellular mechanisms of neurotoxicity are still
relatively unknown, DNA damage (directly or via increases in oxidative
stress), inflammation (indirectly through pro-inflammatory cytokine

pathways), alterations in cellular system repair, changes in mitochon-
dria function, and apoptotic cell death are some of the possible biolo-
gical mechanisms (for reviews, see Ahles and Saykin, 2007; Carozzi
et al., 2015).

Chemotherapy does not only induce neurotoxicity, but can also
cause other long-term side effects (Agrawal, 2014; Mayer, 2013), such
as heart problems (e.g., weakening of the heart muscle), endocrine
system problems (e.g., early menopause, infertility), hypertension, lung
problems (e.g., reduced lung capacity), kidney and urinary problems,
cognitive deficits, bone and joint problems (e.g., osteoporosis), and
nerve problems (e.g., numbness and tingling). Among them, cognitive
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inconsistent results between studies with the same imag-
ing modalities which could be partly attributed to differ-
ences in cognitive tasks, chemotherapy regimens, popu-
lation characteristics, image processing methods and in-
dividual variance. In the future, the development of a
standardized neurocognitive assessment (brain morpholo-
gy imaging, functional imaging, neuropsychological
tests, etc.) criterias may serve as useful adjunct tools
for clinical diagnosis and monitoring cog nitive impair-
ment. The International Cognition and Cancer Task Force
(ICCTF) offers recommendations for neuroimaging meth-
odological approach and clinical, cognitive and biomark-
er data colletion (Deprez et al. 2018), which will have a
positive effect on the related study in future.

Future work should focus on chemotherapy susceptible
brain regions, damaged brain recovery time and patterns,
and persistent damaged regions which require medication
and rehabilitation training intervention. There may be a

link between genotype diversity, cancer and treatment,
cognitive impairment and damaged brain areas. Research
progress from other diseases such as mild cognitive im-
pairment or Alzheimer disease can shed the light for
uncovering the neuropathological mechanism of chemo-
therapy induced brain damage. Neuroimaging combined
with genetics and molecular biology will probably reveal
the neuro-pathophysiology mechanism of chemotherapy
induced-brain changes. The state-of-the-art multimodality
MR imaging/positron emission tomography (PET) can
play a key role in this setting. Additionally, prospective,
longitudinal, multicenter studies are urgently needed to
focus on important scientific issues in the field of chemo-
therapy induced bra in changes using advanced
multimodality MR imaging.

Machine learning has brought opportunities and challenges
to the development of biological research (Rick et al. 2018;
Koch 2018). With the machine learning for the pre-treatment

Fig. 5 Summary of structural and functional MRI studies on
chemotherapy related brain alterations in patients with breast
cancer. VBM: voxel-based morphological, FC: functional connectivity,
DTI: diffusion tensor imaging, Rs-fMRI: rest state functional MRI, ASL:

arterial spin labeling, DMN: default mode network, CC: corpus callosum,
SLF: superior longitudinal fasciculus, ILF: inferior longitudinal
fasciculus, SFOF: superior fronto-occipital fasciculus

Brain Imaging and Behavior (2019) 13:1799–18141810
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Chemotherapy-induced brain changes in breast cancer survivors:
evaluation with multimodality magnetic resonance imaging
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Abstract
Chemotherapy related cognitive impairments are common in breast cancer patients undergoing chemotherapy. These cognitive
dysfunctions are mainly attributable to chemotherapy related brain structural and functional alterations. Multimodality magnetic
resonance imaging (MRI) can reveal brain gray matter volume loss, white matter microstructural disruption, reduced gray matter
density, impaired cerebral blood flow and brain structural and functional connection networks at both local and global levels. This
review outlines the potential applications of multimodality MR imaging techniques in chemotherapy induced cognitive deficit in
breast cancer survivors and provides future research perspective in this field.

Keywords Functional magnetic resonance imaging . Cognitive impairment . Breast cancer . Chemotherapy . MR imaging
techniques

Abbreviations
MRI Magnetic resonance imaging
BOLD Blood oxygen level dependent
fMRI Functional MRI
VBM Voxel-based morphological
DTI Diffusion tensor imaging
ASL Arterial spin labeling
CRCI Chemotherapy related cognitive impairment

Introduction

Chemotherapy induced cognitive impairments occur in patients
exposed to chemotherapeutics for non-central nervous system
cancers. These patients display difficulties in attention, memo-
ry, learning ability, executive function, information processing
speed and damage of visuospatial domains (Wefel et al. 2015;
Tao et al. 2016; Jim et al. 2012). Neuropsychological and neu-
roimaging studies revealed that 8.1%–75% of breast cancer
survivors showed cognitive impairment after adjuvant chemo-
therapy (Janelsins et al. 2011; Correa and Ahles 2007).
Chemotherapy-induced neurotoxicity affects the long-term
quality of life in breast cancer survivors. Most breast cancer
survivor live a long and active social life after chemotherapy,
these cognitive problems affect their long term quality of life.
Thus, the early accurate diagnosis of chemotherapy induced
cognitive impairment is crucial for guiding clinical preventive
management and the later functional exercise in breast cancer
survivors (Kesler et al. 2013a). However, the neural basis of
chemotherapy induced cognitive impairments remains un-
known, which impedes the progress of early diagnosis.
Imaging is irreplaceable in detecting brain structural and func-
tional abnormalities that underly cognition dysfunction in
many diseases. In recent years, multimodality magnetic reso-
nance imaging (MRI) such as diffusion tensor imaging (DTI),
arterial spin labeling (ASL), and blood oxygen level dependent
(BOLD) functional MRI (fMRI), has been widely used to
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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
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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 AMPR
Review

A systematic review of rehabilitation programs for cognitive impairment
related to breast cancer: Different programs at different times?
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A B S T R A C T

Background: “Cancer Related Cognitive Impairment” (CRCI) defines cognitive disorders related to cancer and
its treatments. Many people with breast cancer experience signs of CRCI (incidence between 20 and 30 %)
and, although several intervention options exist, there is no established standard of care. Our main objective
was to provide a detailed description of the methods and results of randomized controlled trials of interven-
tions for CRCI in breast cancer survivors, paying particular attention to the timing of the interventions within
the care pathway.
Methods: We conducted a systematic literature review following the PRISMA guidelines from 01 to 01−2019
to 16−07−2023 and included randomized controlled trials of interventions for CRCI after breast cancer with
at least one objective cognitive assessment as a primary or secondary outcome.
Results: Among 228 identified studies, 35 (including 2821 participants) were retained for inclusion. The inter-
ventions were classified into 4 categories: cognitive rehabilitation, physical activity, complementary therapy
and pharmacological treatment. Our analysis revealed that pharmacological interventions have no effect,
whereas physical activity interventions proposed in the months following the initial cancer treatment
improve Quality of Life and Speed of Information Processing while interventions proposed later improve
Memory and Attention (Cognitive Rehabilitation) and Perceived Cognitive Function and Depression/Anxiety/
Mood (Complementary Therapies).
Conclusion: CRCI is multifactorial and affected individuals frequently experience high levels of fatigue, pain,
anxiety and depression and are most likely to benefit from holistic approaches that include cognition, physi-
cal activity, relaxation, psychoeducation, group support and/or psychological counselling. Thus, rehabilitation
programs should be designed on multi-modal approaches, using innovative, cost-effective delivery methods
that increase access to treatment, and intervention outcomes should be evaluated using measures of
participation.
Database registration: The review was recorded on Prospero (01−03−2020), with the registration number
135,627.
© 2024 The Authors. Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Keywords:
Cancer related cognitive impairment
Breast cancer
Cognitive function
Self-reported cognitive function
Systematic review

Introduction

The term “Cancer Related Cognitive Impairment” (CRCI), formerly
called "chemobrain", "chemofog" or "cancerfog", refers to cognitive

impairments related to cancer and its treatment. CRCI is typically
characterized by impairments in memory, executive function, atten-
tion and processing speed [1−3]. These impairments are often subtle,
and neuropsychological tasks can lack the necessary sensitivity to
detect them; in part because problems might only be apparent in
complex, everyday situations [4], or because individuals expend sub-
stantial effort to achieve high test scores, thereby masking their true
impairment [5]. Despite their subtlety, these impairments can
severely impact activities of daily living, and substantially reduce
quality of life as well as participation in family, social and professional

Abbreviations: CRCI, cancer related cognitive impairment; PEDro, physiotherapy evi-
dence database
* Corresponding author at: Service de M!edecine Physique et de R!eadaptation, CHU
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POUR VOS DEMANDES DE PRISE EN CHARGE PAR LE RÉSEAU : 

hcl.onco-cognition@chu-lyon.fr

www.chu-lyon.fr/cancer
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La filière lyonnaise de prise en charge de la plainte cognitive
chez le patient en cancérologie.

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



1ère étape: dg positif et différentiel

 

RÉSEAU ONCO-COGNITION

Il réunit 3 équipes, localisées sur 3 pôles hospitaliers lyonnais : l’hôpital Henry 
Gabrielle, l’hôpital neurologique P. Wertheimer et l’hôpital Desgenettes. Il propose 
une filière de soins multidisciplinaires de ces atteintes des fonctions cognitives liées 
au cancer, fondée sur la complémentarité d’expertises :

 ↘ Médicale : neurologie et médecine physique et de réadaptation

 ↘ Paramédicale : neuropsychologie, orthophonie, ergothérapie,    
     psychomotricité et activité physique adaptée

 

UNE ÉVALUATION  
DES FONCTIONS COGNITIVES

PATIENTS CONCERNÉS 

Les patients pris en charge pour un cancer systémique ou une tumeur cérébrale 
(primitive ou secondaire), présentant une plainte cognitive, peuvent être adressés au 
réseau pour un bilan d’évaluation pluridisciplinaire des fonctions cognitives. 

Consultation médicale d’évaluation 
experte et/ou
Bilan en hospitalisation de jour :
+/- évaluation ergothérapique
+/- évaluation orthophonique
+/- évaluation neuropsychologique
+/- évaluation sociale

Concertations multidisciplinaires  
animées par le réseau

Pour orienter  
au mieux les patients.

Pour proposer un 
accompagnement personnalisé 
afin d’optimiser les conditions de  
vie familiale, sociale et 
professionnelle.

+/- bilan neurologique 
 en hospitalisation conventionnelle

Pour préciser les éléments de 
plainte fonctionnelle, 
d’éventuels déficits cognitifs  
et les troubles associés  
(fatigue, anxiété, dépression,…).

↘

Pour établir un diagnostic 
étiologique ou différentiel.

↘

↘ 

+/- Proposition d’un programme de  
remédiation cognitive dans l’une des  
deux structures de Médecine physique  
et de réadaptation :
- Séances individuelles ou collectives         
  (bihebdomadaires, pendant 6 semaines)
- Prise en compte des troubles associés 
- Activité physique adaptée

↘

LES PATIENTS TRAITÉS POUR UN CANCER PEUVENT SE PLAINDRE  

DE TROUBLES COGNITIFS, NOTAMMENT DE MÉMOIRE ET DE  

CONCENTRATION, QUI ONT SOUVENT UN RETENTISSEMENT  

PÉJORATIF SUR LA QUALITÉ DE VIE.

LES HOSPICES 
CIVILS DE LYON,
+ FACILE 

Experte neurologique  ou MPR  
+/- avis psychiatrique

àDétecter 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!
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professionnelle.

+/- bilan neurologique 
 en hospitalisation conventionnelle

Pour préciser les éléments de 
plainte fonctionnelle, 
d’éventuels déficits cognitifs  
et les troubles associés  
(fatigue, anxiété, dépression,…).

↘

Pour établir un diagnostic 
étiologique ou différentiel.

↘

↘ 

+/- Proposition d’un programme de  
remédiation cognitive dans l’une des  
deux structures de Médecine physique  
et de réadaptation :
- Séances individuelles ou collectives         
  (bihebdomadaires, pendant 6 semaines)
- Prise en compte des troubles associés 
- Activité physique adaptée

↘

LES PATIENTS TRAITÉS POUR UN CANCER PEUVENT SE PLAINDRE  

DE TROUBLES COGNITIFS, NOTAMMENT DE MÉMOIRE ET DE  

CONCENTRATION, QUI ONT SOUVENT UN RETENTISSEMENT  

PÉJORATIF SUR LA QUALITÉ DE VIE.

LES HOSPICES 
CIVILS DE LYON,
+ FACILE 

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
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Description of an interdisciplinary, holistic cognitive rehabilitation program for 
adults with mild to moderate cognitive impairment after acquired brain injury 

Karen T. Reillya , Julie Hol◆ea,b, Stuart Nasha,b, Virginie Pugnietb, Val◆erie Servajeanb, Didier Varsovieb and  
Sophie Jacquin-Courtoisa,b 
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ABSTRACT  
Purpose: Cognitive rehabilitation research has progressed slowly, in part due to incomplete reporting of 
intervention content and delivery and the difficulties this produces for discerning program effectiveness. 
This knowledge gap can be reduced by providing detailed intervention descriptions. We document the 
content/ingredients and therapeutic targets of a cognitive rehabilitation program for adults with mild-to- 
moderate cognitive impairment. 
Methods: The documentation process used a method of participatory/collaborative research. Discussions 
with the clinical team identified session content/ingredients and therapeutic targets, which were then 
described using Body Functions, and Activities & Participation domains from the International 
Classification of Function, Disability and Health (ICF). Domains most frequently targeted by each clinician 
were identified as Primary Targets. 
Results: Each clinician produced a detailed description of session content, implementation, and ICF-coded 
therapeutic targets. This revealed that the whole program targets 29 ICF domains, seven of which were 
identified as Primary Targets: Higher-level Cognitive; Attention; Memory; Emotional; Global Psychosocial, 
Temperament and Personality, and Conversation. 
Conclusions: Documentation of treatment targets enabled identification of appropriate outcome meas-
ures which are now being used to investigate program efficacy. This step-by-step explanation of the 
documentation process could serve as a guide for other teams wanting to document their rehabilitation 
interventions and/or establish similar programs.    

‰ IMPLICATIONS FOR REHABILITATION 
✏ Incomplete reporting of intervention content and delivery contributes to difficulties in discerning the 

effectiveness of complex rehabilitation programs. 
✏ Current recommendations for rehabilitation intervention reporting suggest that these difficulties can 

be partially overcome by providing detailed descriptions of intervention content/ingredients and 
treatment targets. 

✏ Human and physical resources differ widely from one clinical setting to another and the existence of 
clear program descriptions can guide clinicians who wish to create similar programs. 

✏ Detailed descriptions of rehabilitation interventions are necessary to accurately measure patient out-
comes and generate testable hypotheses about proposed mechanisms of action. 

✏ Program descriptions are needed for the development of treatment theories and the advancement of 
evidence-based practice in rehabilitation. 
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Introduction 

Improvements in acute reperfusion therapies for stroke as well 
the development of specialised intensive care units for stroke and 
traumatic brain injury (TBI) have led to improved survival and 
reduced disability in these populations [1,2]. Patients who in the 
past might have had severe sensorimotor disabilities and/or cog-
nitive impairments can today have very few symptoms, and be 
allowed to return home after only a few days in hospital. Some of 
these patients, however, have mild-to-moderate cognitive 

impairment and experience difficulties in their everyday function-
ing which can stop them from returning to work or severely 
impair their ability to do their previous job (e.g., [3–6]). 

Holistic cognitive rehabilitation programs have existed in 
rehabilitation centres and hospitals for nearly 30 years, and clini-
cians in many countries have extensive experience with the deliv-
ery and evaluation of these programs (see for example [7–12]). 
Unlike modular programs (that focus on a single function), holistic 
programs include a wide range of treatment targets and typically 
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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 
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are schematically summarized in Fig. 2, are mainly based on CIs, PE (for
a review of both types of intervention, see Bamidis et al., 2014), and
NIBS (for a review, see Tatti et al., 2016).

3.1. Cognitive and physical exercise interventions

CIs may be considered the more classical approach to improve
cognitive function or slow the progression of cognitive deficits. Two
main types of CIs have been distinguished: cognitive training (CT) and
cognitive rehabilitation (CR) (Clare and Woods, 2004). CT refers to a
general intervention that may be implemented in healthy persons and
in patients with cognitive deficits. This type of intervention includes a
set of procedures used to improve general cognitive function and social
skills. The complexity of the cognitive tasks is adjusted to the baseline
performance and progression of each participant. This adaptive training
is particularly feasible when applying computerized CT (Lampit et al.,
2014) because the difficulty level may be computationally adapted on a
trial-by-trial basis (Kueider et al., 2012; Lampit et al., 2014). CT may
also be implemented at the group level. In this case, the intervention is
usually designated as cognitive stimulation (Clare and Woods, 2004;
Huntley et al., 2015). Diverse CT programmes have been implemented
to improve a variety of cognitive domains, such as memory (Richmond
et al. 2011), learning (Bailey et al., 2010), attention (Mozolic et al.,
2011), and executive function (Basak et al., 2008). For example,
Brehmer et al. (2011) implemented 25 sessions of CT in a sample of
healthy elderly participants who performed a working memory task (n-
back task). The difficulty level of the task increased as the participants
improved their performance. Also, a healthy elderly control group was
trained on the same type of working memory task at a relatively low
fixed demand. fMRI was performed before and after training while the
participants performed working memory tasks with a low and a high
demand. After the training period, a larger decrease in brain activity
was observed in participants whose training involved a progressive
increase in the task difficulty level. The authors interpreted these results
according to the neural efficiency account, which states that individuals
with higher capacity show less brain activation at the same subjective
difficulty level because they need to allocate fewer brain resources to

perform the task at the same level (Dunst et al., 2014; Haier et al.,
1992). CR refers to interventions used to improve specific cognitive
and/or motor dysfunctions in a patient to improve her/his quality of
life. For example, Vermeij et al. (2016) implemented an adaptive
training programme in working memory – an ability that is usually
declined in patients with MCI – for five weeks by using n-back tasks in a
sample of participants with MCI. The authors reported improved per-
formance at a low difficulty level after the training period. Overall,
current research on CIs is focusing on identifying more effective
training parameters (Brehmer et al., 2011; Styliadis et al., 2015),
maintaining long-term persistence of the obtained benefits (Boyke
et al., 2008; Lövdén et al., 2012), and studying transfer effects to un-
trained abilities (Anguera et al., 2013; Berry et al., 2010; Dahlin et al.,
2008; Tusch et al., 2016; Wolf et al., 2014).

PE represents another intervention that has been used to improve
cognition. The Institute of Medicine and the American College of Sports
Medicine distinguish between physical activity (PA) and PE. PA refers
to bodily movement produced by the contraction of skeletal muscles
that increases energy expenditure. PE is defined as planned, structured,
and repetitive movement to improve or maintain one or more compo-
nents of physical fitness. Thus, PE is a subcategory of PA that is
planned, structured and oriented to improve specific physical skills or
physical fitness (Bherer et al., 2013). PE may be divided into three main
categories: aerobic exercise (e.g., walking, running, and cycling), re-
sistance training (e.g., lifting weights), and stretching and balance (e.g.,
yoga and Pilates). This last type of PE is considered less effective and is
usually implemented in the control group to match possible benefits
from social interaction (Brinke et al., 2015; Chapman et al., 2013;
Erickson et al., 2011; Liu-Ambrose et al., 2012; Voss et al., 2013a,b but
see also Mortimer et al., 2012), who reported greater cognitive im-
provement after toning and balance exercises (tai chi) than after
aerobic training (walking) and Voss et al. (2010), who demonstrated
that stretching and toning exercises improved functional brain con-
nectivity in the default mode network after 6 months of training and in
a frontal parietal network after 12 months of training. An example of an
intervention using PE was implemented in a study conducted by Brinke
et al. (2015). In this study, 39 participants with MCI were randomly

Fig. 2. Non-pharmacological interventions used to improve cognition. This figure schematically presents the main types of non-pharmacological interventions used to improve
cognitive function.

J. Cespón et al. $JHLQJ�5HVHDUFK�5HYLHZV�������������²��

��

stimulation to an area located outside the brain circuits involved in the
studied cognitive function (Rossini et al., 2015). This session allows
researchers to determine whether the cognitive improvements and as-
sociated neural changes are mediated by the stimulation of a specific
brain area or are related to the nonspecific increase in arousal levels.

Finally, other non-pharmacological approaches have been adopted
as preventive strategies to ameliorate cognitive ageing and delay the
onset of cognitive deficits. Specifically, adherence to specific dietary
habits has been associated with a lower risk of developing MCI and AD
(Scarmeas et al., 2006). Different diets, such as dietary restriction, a
low-fat diet and resveratrol consumption, were reported to have key
roles in cognitive function and brain integrity by affecting several
mechanisms of plasticity, including neurogenesis, synaptic plasticity,
neurotrophin release and hippocampal neuroprotection (for a review,
see Greenwood and Parasuraman, 2010).

4. Relationships among cognitive improvement, neural changes
and the promotion of neuroplasticity

Considering the strong therapeutic implications, in this section, we
discuss to what extent the relationships between improved cognition
and neural changes provide evidence for brain plasticity mechanisms.
Next, we discuss how the type of intervention and degree of cognitive
reserve may mediate nonlinear relationships between cognitive im-
provement and neural changes.

The modulation of neural activity after applying CI, PE, and NIBS
was taken as evidence for neuroplasticity in most of the reviewed stu-
dies. In fact, interventional programmes based on CI and PE frequently
last from several months to one year, which would be a time period
more than sufficient to promote the activation of neuroplasticity me-
chanisms. Nevertheless, neural activity changes have also been ob-
served after one or only a few sessions of CT in healthy elderly subjects
(Belleville et al., 2011; Kirchhoff et al., 2012; Miotto et al., 2014;
Nyberg et al., 2003) and cognitively impaired patients (Belleville et al.,
2011; Hampstead et al., 2011, 2012a). Likewise, neural activity
changes have been observed after a single session or only a few sessions
of TMS or tES in healthy elderly subjects (Holland et al., 2011;
Lindenberg et al., 2013; Sole-Padulles et al., 2006) and cognitively
impaired patients (Devi et al., 2014; Khedr et al., 2014; Meinzer et al.,
2014). These results may be also related to brain flexibility, which was

previously defined as the capacity to optimize the brain’s performance
within the limits of the current state (Lövdén et al., 2010). Therefore,
considering the brief duration of the mentioned interventions, the
promotion of brain flexibility might be a more straightforward ex-
planation for the reported cognitive improvements and associated
neural activity changes than brain plasticity although the deployment
of brain plasticity mechanisms after a very brief period of time have
been also reported (Elvsåshagen et al., 2017; May et al., 2007). For
instance, May et al. (2007) demonstrated that application of repetitive
TMS over the superior temporal cortex during five consecutive days
caused macroscopic cortical changes in the gray matter of the auditory
cortex and, interestingly, these changes gave rise to brain activity
modulations. As discussed in previous research, structural changes can
be more reliably attributed to brain plasticity than functional changes
(Will et al., 2008). Nevertheless, in addition to the long-term main-
tenance of cognitive benefits and associated structural changes, the
transfer effects on untrained tasks may be also investigated to provide
evidence for brain plasticity.

Some studies have reported long-term maintenance of cognitive
benefits after interventional programmes (Mahnke et al., 2006; Zelinski
et al., 2011). However, the disappearance of cognitive improvement
and/or neural changes after intervention cessation is not uncommon.
For instance, in the study by Boyke et al. (2008), juggling training for
three months led to functional and structural changes in elderly sub-
jects; however, a follow-up assessment conducted three months after
completion of the intervention showed that the previously observed
neural changes had disappeared. According to the notion of “use it or
lose it”, LTD mechanisms may accompany intervention cessation in the
same manner as participation in an interventional programme promotes
LTP. Based on this evidence, a maintenance programme appears to be
appropriate to avoid the loss of the obtained benefits. Additionally,
interventions based on CT consider transfer effects on untrained tasks as
evidence for neuroplasticity (Lövdén et al., 2010), since improved
performance on an untrained task suggests strengthening of the brain
network underlying the executed task rather than an improvement re-
lated to task repetition effects. Nevertheless, the potential ability of
cognitive interventions to exert transfer effects on untrained tasks and/
or daily life activities is still unclear. Recent reviews have reported
promising results (Gates and Sachdev, 2014), whereas others high-
lighted limited transfer effects on untrained tasks/abilities (Huntley

Fig. 3. Neuroplasticity mechanisms related to
non-pharmacological interventions. Cognitive in-
terventions (CI): LTP and LTD mechanisms work to-
gether to strengthen connections and refine brain
connectivity patterns within specific networks that
are involved in a particular cognitive function. PE
interventions promote the release of neurotrophic
factors (mainly during aerobic exercise interven-
tions) related to neurogenesis, synaptogenesis, and
angiogenesis. Interventions based on NIBS promote a
wide range of neuroplasticity mechanisms, according
to the protocol and modality used.
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Feasibility of a combined aerobic and
cognitive training intervention on cognitive
function in cancer survivors: a pilot
investigation
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Abstract

Background: Cancer-related cognitive impairment (CRCI) may negatively affect upwards of 75% of cancer patients.
Exercise and cognitive training, independently, may increase functional capacity and aspects of cognitive function. Yet,
combined training protocols have not been evaluated in cancer survivor populations. Therefore, the aim of this study
was to explore the feasibility of a quasi-randomized, controlled, exploratory, repeated-measures aerobic and cognitive
training intervention on cognitive function in participants undergoing treatment for cancer (N = 28).

Methods: Pre- and post-physical and cognitive assessments were administered. A 36-session (approximately 12 weeks)
computer-based cognitive (COG), aerobic (AER), cognitive and aerobic (AER + COG), and flexibility (CON) training intervention
was completed. Dependent measures t tests and pre- to post percentages were then calculated to address within-group
changes for each dependent variable.

Results:Within-group measures revealed that the AER logical memory scores (pre- to post mean difference [2.3], 95.0% CI
[0.9, 3.7], percentage change [32.7%]), delayed recall scores (pre- to post mean difference [2.1], 95.0% CI [0.3, 3.9], percentage
change [27.2%]), block design scores (pre- to post mean difference [1.7], 95.0% CI [0.2, 3.2], percentage change [19.0%]), and
letter-number sequencing scores (pre- to post mean difference [1.0], 95.0% CI [0.2, 1.8], percentage change [12.3%]) all
increased. Aspects of verbal fluidity scores increased in the CON group. However, all cognitive scores (AER + COG and
COG groups) failed to increase.

Conclusions: Aerobic training for CRCI may positively impact cognitive function. Individually, these methods may
appropriately address CRCI, but combined training of this nature may be too demanding for patients undergoing
treatment for cancer. However, larger randomized trials are needed to substantiate this protocol in large-scale cancer
rehabilitation centers.

Keywords: Exercise, Cognitive function, Chemotherapy-related cognitive impairment, Cancer-related cognitive
impairment, Cancer
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on the dominant hand of the participant, to allow interaction
with the testing and intervention software.

Eligibility criteria for participants
Twenty-eight male and female participants undergoing treat-
ment for cancer were eligible to participate in this study.
Participant eligibility was initially screened by front office
staff prior to his or her arrival at the University of Northern
Colorado Cancer Rehabilitation Institute (UNCCRI) for the
first physical assessment. Patients were to, initially, be
younger than 69.0 years of age, were physically inactive
(aerobic exercise < 2.0 times a week), and had not been using
any cognitive training software within the 8.0 weeks prior to
them coming to UNCCRI for investigators to speak with
them further about study participation. Following initial
screening and agreement to participate, participants then
completed the standard UNCCRI comprehensive physio-
logical assessment detailed in subsequent paragraphs.
Following the completion of initial UNCCRI physical
assessments, investigators then employed in-person
recruitment strategies. It was during these follow-up
discussions that investigators would ask potential partici-
pants a series of questions that were of greater depth than
during the initial round of questions by office staff. Partici-
pants were excluded from the study if they reported any
of the following: (1) a history of psychiatric disease, (2)

Fig. 1 Experimental design. AER + COG aerobic and cognitive training, COG cognitive training, AER aerobic training, CON flexibility training only

Table 1 Group stratification, training schedule, and cognitive
training exercises
Group Participants Aerobic Cognition Flexibility

AER + COG Cancer Yes Yes Yes

AER Cancer Yes No Yes

CON Cancer No No Yes

COG Cancer No Yes Yes

Week % HRR Session Training exercises

1 55 1–3 1–5, 1–5, 1–5

2 55 4–6 1–5, 1–5, 6 (step 10)

3 55 7–9 6 (step 9–7)

4 55 10–12 6 (step 6–4)

5 60 13–15 6 (step 3–1)

6 60 16–18 1–5, 1–5, 1–5

7 60 19–21 1–5, 1–5, 7 (step 10)

8 60 22–24 7 (step 9–7)

9 65 25–27 7 (step 6–4)

10 65 28–30 7 (step 3–1)

11 65 31–33 1–5, 1–5, 1–5

12 65 34–36 1–5, 1–5, 1–5

Training exercise numerical values correspond with cognitive training exercises
noted in Table 4. The steps indicated during sessions 7–15 and 22–30 reflect a
series of tasks within the training exercises of number 6 and number 7 that
increase in difficulty as the step number decreases
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any past history of neurological disease, (3) past or present
alcohol or substance abuse, (4) difficulty with mobility, (5)
auditory dysfunction, or (6) non-corrected visual issues.
Qualified participants were then asked for their interest to
participate in this study. Those that declined to participate
did so verbally, and immediately began the standard
UNCCRI exercise programming. The University of
Northern Colorado Institutional Review Board approved
[573297-2] all procedures, and written informed consent
forms were signed by all subjects.

Setting
Cancer patients were recruited from walk-ins and regional
oncologist referrals at UNCCRI located in Greeley, CO, at
the University of Northern Colorado. Table 2 indicates
group cancer characteristics. Since 1996, UNCCI has been
providing individualized, prescriptive exercise to Northern
Colorado cancer survivors as part of their recovery from
symptoms associated with cancer treatment. Intake of
new patients at UNCCRI averages between 3 and 5
patients per week. All training, cognitive and physical
assessments, and data collection were conducted at
UNCCRI prior to and following the completion of the
36-session intervention.

Pre- and post-testing
Following agreement to participate and initial screening,
subjects completed a comprehensive physiological
assessment [40]. Initial values for blood pressure (BP), heart
rate (HR), oxygen saturation (SpO2), weight, height, body
composition (skinfold measurements), circumference
measurements, cardiovascular fitness (VO2peak, UNCCRI
protocol), balance (Bertec Balance Screener), pulmonary
function (spirometry), estimated 1RM (Brzycki equation),
muscular endurance (plate-loaded cable-assisted machines,

chair squat test, and plank test), handgrip dynamometry, and
flexibility measures (modified Sit and Reach and Shoulder
Reach Behind Back) were collected as part of the standard
UNCCRI physical assessment protocol. Cardiovascular
endurance was assessed using the cancer-specific
UNCCRI multistage submaximal treadmill protocol [40].
Cognitive function was evaluated prior to and following
the completion of each 36-session intervention. The cog-
nitive assessment battery was developed based on a review
of studies that have implemented similar methodologies
and from recommendations from the faculty in the De-
partment of School Psychology [41]. Cognitive assess-
ments were scheduled aside from physiological
assessments, often within the same calendar week, so as
to maximize participant effort. Trained doctoral
candidates from the Department of School Psychology
conducted each assessment of cognitive function. A paper
and pen-based battery of well-established cognitive assess-
ment tools were administered in a quiet office in the
reception area. All cognitive assessments were in a one-
on-one setting (Table 3). Cognitive function was the
variable of primary interest.

Aerobic exercise only intervention (AER)
All exercise sessions were conducted using a Motion Fitness
Brain Bike® recumbent cycle ergometer. Sessions were pro-
gressive and began at 55.0% of heart rate reserve (HRR, Kar-
vonen method) for weeks 1.0 through 4.0, progressed to
60.0% HRR for weeks 5.0 through 8.0, and finished at 65.0%
HRR for weeks 9.0 through 12.0, as detailed in Table 1. Each
exercise session consisted of a 5-min warm-up, followed by
30.0 min of exercise at the specified target heart rate. Sub-
jects were encouraged to maintain the target heart rate for
the entire session. However, if subjects were unable to main-
tain the target heart rate, they were allowed to decrease ped-
aling frequency in order to continue exercising. Following
aerobic training participants in this group also completed
flexibility training which is detailed below.

Cognitive training only intervention (COG)
All cognitive training sessions were completed while seated
on the Motion Fitness Brain Bike® using NeuroActive®

cognitive training software. Cognitive training emphasized
activities in working memory, visuo-spatial memory,
processing speed, divided attention, selective attention,
vigilance, attentional flexibility, useful field of view, verbal
processing speed, cognitive control, temporal perception, and
arithmetic operations. Each of the cognitive training tasks
(parking, driving, smart driving, the policeman, brain twister,
the pilot, and the stock exchange) was composed of 5 min of
training. Details of each cognitive training component are in-
cluded in Table 4, and a training schedule for each exercise is
provided in Table 1. For the first five sessions, participants
completed parking, driving, smart driving, the policeman,

Table 2 Group cancer characteristics
Group Cancer type Gender

AER + COG
n = 9

Breast cancer (4)
Ovarian/breast
Hodgkin’s lymphoma
Non-small cell lung metastasized to the brain
Supraglottic/laryngeal
Ovarian

Female
Female
Male
Female
Male
Female

AER
n = 7

Breast cancer (3)
Throat/tongue
Anaplastic oligodendroglioma
Colon
Breast/colon

Female
Male
Female
Female
Female

CON
n = 7

Breast cancer (4)
Prostate
Ovarian
Lymphoma

Female
Male
Female
Male

COG
n = 5

Breast (3)
Lung
Multiple myeloma

Female
Female
Male
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and brain twister exercises. On session 6, participants then
completed five sessions of the pilot consecutively until
session 16.0. During sessions 16–20.0, participants then
returned to completing parking, driving, smart driving, the
policeman, and brain twister activities. On session 21.0,
participants were then required to complete five sessions of
the stock exchange consecutively until session 30.0. Finally,
during sessions 31–36.0, participants were again required to
complete parking, driving, smart driving, the policeman, and
brain twister. Following cognitive training, participants in this
group also completed flexibility training which is detailed
below.

Flexibility training only intervention (CON)
Flexibility training sessions consisted of 30.0 min of
static stretches designed to target major muscle regions

throughout the body. Targeted regions included the
neck, shoulders/chest, posterior upper arm, upper back,
lower back, hips, torso, anterior thigh and hip flexor,
posterior thigh, groin, and calf. This flexibility intervention
was developed based on detailed flexibility training
examples from the Essentials of Strength and Conditioning
textbook [42].

Combined aerobic and cognitive training intervention
(AER + COG)
Subjects in the combined AER +COG group completed aer-
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Figure 3. Retour d’expérience : exemple de parcours de soins possible
MPR Médecine Physique et de Réadaptation; APA Activité Physique Adaptée
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Évaluation de la plainte cognitive (FACT-Cog) et des éventuels troubles thymiques (HADS)
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puis selon besoins et profil évolutif
avec outils de mesures de la plainte essentiellement (FACT Cog) et des facteurs associés (HADS)
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et/ou
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Figure 2. Arbre décisionnel. Guidelines pour le management du cancer-related cognitive impairment.  GREC-Onco : Groupe de réflexion sur les évaluations
cognitives en oncologie ; FACT-Cog : autoquestionnaire permettant d’évaluer la plainte cognitive ; ICCTF : International Cognition and Cancer Task Force ;
MoCA : Montreal cognitive assessment ; HADS : hospital anxiety and depression scale ; SDMT : symbole digit modality test.

ses  fragilités  et  de  ses  aptitudes  en  termes  de  fonctions  cog-
nitives  et  de  relations  interpersonnelles,  mises  en  situation
pour  faciliter  l’apprentissage,  les  stratégies  de  compensation  et
l’intégration  de  l’information  dans  le  quotidien.  Les  conséquen-
ces  psychosociales  et  émotionnelles  sont  également  prises  en
considération  (interventions  psychothérapeutiques  et  psycho-
éducation).  Une  évaluation  de  son  bénéfice  sur  la  cognition  à
court  et  moyen  termes  auprès  de  patients  rapportant  un  CRCI  est
en  cours [134].

Des  voies  complémentaires  pourraient  être  aussi  le  dévelop-  

pement  de  supports  numériques  d’accompagnement  associant  

plutôt  de  façon  supervisée  (téléréhabilitation)  exercices  de  sollici-  

tation/entraînement  cognitifs  et  exercices  physiques,  d’intensité  

et  de  difficultés  croissantes,  permettant  un  ajustement  indivi-  

dualisé  en  termes  de  disponibilité  et  de  réponse  territoriale.  Les  

programmes  d’« entraînement  » cérébral  utilisés  en  autonomie  ne  

semblent  pas  efficaces  pour  améliorer  la  cognition  en  général  et  la  

mémoire  en  particulier,  ni  le  fonctionnement  au  quotidien [135].
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!  Épidémiologie  et  prévalence
Le  trouble  cognitif  lié  au  cancer  et  à  ses  traitements  

(cancer-related  cognitive  impairment  –  CRCI)  est  depuis  une  ving-  

taine  d’années  beaucoup  mieux  identifié,  quantitativement  

comme  qualitativement.  Cela  s’explique  en  grande  partie  par  

l’amélioration  notable  des  taux  de  survie  des  patients  oncolo-  

giques  (hors  tumeurs  du  système  nerveux  central) [1], conduisant  

en  contrepartie  à  une  chronicisation  de  cette  population,  avec  

de  possibles  effets  secondaires  tardifs  et/ou  des  séquelles  liées  au
cancer  et/ou  à  ses  traitements,  induisant  un  retentissement  fonc-
tionnel  variable.  

Les  avancées  diagnostiques  et  thérapeutiques  dans  le  domaine  

de  l’oncologie  ont  en  effet  fortement  impacté  la  survie  des  

patients.  La  réduction  de  la  mortalité  a  ainsi  conduit  à  une  atten-  

tion  plus  spécifique  portée  à  la  morbidité  liée  au  cancer  et/ou  à  ses  

traitements,  en  particulier  d’un  point  de  vue  de  la  qualité  de  vie.  

Les  données  de  l’Institut  national  du  cancer [2] montrent  pour  la  

France  métropolitaine  une  prévalence  totale  des  cancers  de  l’ordre  

de  3  millions.  Cette  augmentation  de  la  survie  s’est  donc  accom-  

pagnée  de  la  révélation  de  symptômes  et/ou  de  séquelles  à  plus  

ou  moins  long  terme,  telles  que  l’atteinte  cognitive,  la  souffrance  
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patients.  La  réduction  de  la  mortalité  a  ainsi  conduit  à  une  atten-  

tion  plus  spécifique  portée  à  la  morbidité  liée  au  cancer  et/ou  à  ses  

traitements,  en  particulier  d’un  point  de  vue  de  la  qualité  de  vie.  

Les  données  de  l’Institut  national  du  cancer [2] montrent  pour  la  

France  métropolitaine  une  prévalence  totale  des  cancers  de  l’ordre  

de  3  millions.  Cette  augmentation  de  la  survie  s’est  donc  accom-  

pagnée  de  la  révélation  de  symptômes  et/ou  de  séquelles  à  plus  

ou  moins  long  terme,  telles  que  l’atteinte  cognitive,  la  souffrance  
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the results of this study suggest a promising intervention for lym-
phedema, additional research is warranted. Therefore, primary care
clinicians should focus on the early identification andmanagement of
lymphedema among their patients with breast cancer.67

Patients who develop clinical symptoms or swelling suggestive of
lymphedema should be referred to a therapist knowledgeable about
the diagnosis and treatment of lymphedema. Depending on available
resources in a community, this may be a physical68 or occupational69

therapist or a specialist therapist trained in lymphedemamanagement.

Cardiotoxicity
Recommendation 3.3. It is recommended that primary care

clinicians (a) should monitor lipid levels and provide cardiovascular
monitoring, as indicated (LOE 5 0); and (b) should educate breast
cancer survivors on healthy lifestyle modifications, potential cardiac
risk factors, and when to report relevant symptoms (shortness of
breath or fatigue) to their health care provider (LOE 5 I).

Clinical interpretation. Radiation, chemotherapy, and
hormonal/endocrine therapy with aromatase inhibitors have been
associated with an increased risk of cardiovascular disease in
patients with breast cancer.70,71 The risk of heart disease increases
in postmenopausal women, as endogenous estrogens in younger
women contribute to the low prevalence of cardiovascular disease
in that population. Therefore, breast cancer patients who experience
treatment-related early menopause may be at higher risk for heart
disease than age-matched women in the general population. The
chemotherapeutic agents epirubicin and doxorubicin are associated
with a low but real risk of cardiomyopathy72; similarly, trastuzumab
is associated with an increased risk of cardiac dysfunction, most
notably when given concomitantly or after an anthracycline, as has
been detailed by the European Society for Medical Oncology.73

Aromatase inhibitors can raise cholesterol levels74,75 and the risk
of diabetes. Significant weight gain may lead to hypertension and
insulin resistance, which further elevate the risk of cardiovascular
disease. Primary care clinicians shouldmonitor lipid levels and engage
in cardiovascular monitoring consistent with clinical standards for
other high-risk populations (eg, US Preventive Services Task Force
recommendations29).

It is important to educate breast cancer survivors about lifestyle
modifications, including smoking cessation, diet, and exercise (see
Recommendations 4.3-4.5), that may reduce the risk or severity of

cardiotoxicity or cardiovascular diseases in general. Patients should be
advised to be aware of the potential risk for cardiotoxicities and report
symptoms such as shortness of breath or fatigue (without an otherwise
identifiable cause) to their health care provider. However, routine
screening or testing for cardiovascular disease in asymptomatic
patients beyond careful history and physical examination are not
warranted. ASCO is currently developing a guideline on the prevention
and monitoring of cardiac dysfunction in survivors of adult cancers.

Cognitive Impairment
Recommendation 3.4. It is recommended that primary care

clinicians (a) should ask patients if they are experiencing cognitive
difficulties (LOE5 0); (b) should assess for reversible contributing
factors of cognitive impairment and optimally treat when possible
(LOE 5 IA); and (c) should refer patients with signs of cognitive
impairment for neurocognitive assessment and rehabilitation,
including group cognitive training if available (LOE 5 IA).

Clinical interpretation. Impairment in cognitive function as a
result of cancer and its treatment can lead to distress and impaired
QoL in breast cancer survivors. Up to 75% of breast cancer patients in
treatment and 35% after treatment report cognitive impairment,
including problems with concentration, executive function, and
memory.76-78 Cognitive impairment can also have detrimental effects
on the survivor’s role within the family, in the workplace, and in
society.79,80 Clinicians should ask patients if they are having cognitive
difficulties and listen to familymembers’ reporting of patient cognitive
symptoms. If this is an issue, consultation with a neuropsychologist
for assessment and referral for cognitive rehabilitation strategies
should be offered as one would do with the general population.

The causes of cognitive impairment are thought to be mul-
tifactorial and may include treatable conditions, such as fatigue,
insomnia, and depression. Links have been suggested between
cognitive impairment and adjuvant chemotherapy,81-84 surgery/
anesthesia, endocrine therapy,76,85 as well as cancer itself.76

Research suggests that older adults and/or those with lower cog-
nitive reserves may be more susceptible to cognitive impairment
from treatment86 and that there may also be genetic factors
associated with certain estrogen metabolism genes.87,88

The treatment of cognitive impairment in the breast cancer
survivor is not well established. A few studies have shown some
success with pharmaceuticals, such asmodafinil,89 that have helped

Table 6. Guideline for Assessment and Management of Physical and Psychosocial Long-Term/Late Effects (continued)

Recommendation Level of Evidencea

(c) Should offer nonhormonal, water-based lubricants and moisturizers for vaginal dryness IA (nonhormonal lubricants
and moisturizers)

(d) Should refer for psychoeducational support, group therapy, sexual counseling, marital counseling or intensive
psychotherapy, when appropriate

IA (counseling)

Recommendation 3.12: Premature menopause/hot flashes
Should offer selective serotonin-norepinephrine reuptake inhibitors (SNRIs), selective serotonin reuptake inhibitors (SSRIs),
gabapentin, lifestyle modifications and/or environmental modifications to help mitigate vasomotor symptoms of premature
menopausal symptoms

IA (SNRI and SSRI use)

Abbreviations: DEXA indicates dual-energy x-ray absorptiometry; GnRH, gonadotropin-releasing hormone.
aLevel of evidence: I indicates meta-analyses of randomized controlled trials (RCTs); IA, RCT of breast cancer survivors; IB, RCT based on cancer survivors across
multiple sites; IC, RCT not based on cancer survivors but on general population experiencing a specific long-term or late effect (eg, managing fatigue, lymphedema,
etc); IIA, nonrandomized controlled trial (non-RCT) based on breast cancer survivors; IIB, non-RCT based on cancer survivors across multiple sites; IIC, non-RCT not
based on cancer survivors but on general population experiencing a specific long-term or late effect (eg, managing urinary incontinence, erectile dysfunction, etc); III,
case-control or prospective cohort study; 0, expert opinion, observation, clinical practice, literature review, or pilot study.
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A B S T R A C T

The purpose of the American Cancer Society/American Society of Clinical Oncology Breast Cancer
SurvivorshipCareGuideline is to provide recommendations to assist primary care andother clinicians in the
care of female adult survivors of breast cancer. A systematic review of the literature was conducted using
PubMed through April 2015. A multidisciplinary expert workgroup with expertise in primary care, gyne-
cology, surgical oncology, medical oncology, radiation oncology, and nursing was formed and tasked with
drafting the Breast Cancer Survivorship Care Guideline. A total of 1,073 articles met inclusion criteria; and,
after full text review, 237were included as the evidence base. Patients should undergo regular surveillance
for breast cancer recurrence, including evaluation with a cancer-related history and physical examination,
and should be screened for new primary breast cancer. Data do not support performing routine laboratory
tests or imaging tests in asymptomatic patients to evaluate for breast cancer recurrence. Primary care
clinicians should counsel patients about the importance ofmaintaining a healthy lifestyle, monitor for post-
treatment symptoms that can adversely affect quality of life, and monitor for adherence to endocrine
therapy. Recommendations provided in this guideline are based on current evidence in the literature and
expert consensus opinion. Most of the evidence is not sufficient to warrant a strong evidence-based
recommendation. Recommendations on surveillance for breast cancer recurrence, screening for second
primary cancers, assessment andmanagement of physical and psychosocial long-term and late effects of
breast cancer and its treatment, health promotion, and care coordination/practice implications are made.

This guideline was developed through a collaboration between the American Cancer Society and
the American Society of Clinical Oncology and has been published jointly by invitation and consent in
both CA: A Cancer Journal for Clinicians and Journal of Clinical Oncology. Copyright © 2015 Ameri-
can Cancer Society and American Society of Clinical Oncology. All rights reserved. No part of this
document may be reproduced or transmitted in any form or by any means, electronic or mechanical,
including photocopy, recording, or any information storage and retrieval system, without written
permission by the American Cancer Society or the American Society of Clinical Oncology.

J Clin Oncol 34:611-635. © 2015 by American Cancer Society and American Society of Clinical
Oncology

INTRODUCTION

Breast cancer is the most common noncutaneous
malignancy among women, representing 4 in 10
female cancer survivors in the United States.1 Long-
term survival is common after breast cancer treat-
ment, with a 5-year survival rate of almost 90%2;
thus, addressing survivors’ unique post-treatment
needs is critical to providing quality health care.3

Nearly a decade ago, two landmark publications
from the Institute of Medicine highlighted the
importance of surveillance, health promotion, and
assessing and managing the myriad of physical,
psychological, spiritual, social, and practical long-term

and late effects faced by many cancer survivors after
completing active treatment.4,5 Recent publications
affirm the importance of addressing health, wellness,
and quality of life (QoL) concerns of post-treatment
cancer survivors.3,6,7 In recognition of the increasing
need for information to support primary care clini-
cians who care for breast cancer survivors, this
guidelinewas developed to provide recommendations
to enhance the quality of clinical follow-up care for
thosewho have completed initial treatment for female
breast cancer (eg, surgery, radiation, targeted therapy,
and/or chemotherapy).8

Although many evidence-based clinical
guidelines exist for diagnosis and treatment, there are
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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
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