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- Le nom d’un ami proche tout à coup introuvable 

Chemobrain 
 
 
 

Chemofog 



« I am confused, I want to do everything at once, and can not hold me, I lose my items, 

I even put my laptop in the fridge for example!  

 

« I struggle to name people and things that I know them very well  

 

 

« I do not know what I'm doing! Yesterday in the same day I cleaned chicken legs with 

dish soap, then in the afternoon I put my clothes in the freezer compartment!  

 

« I have huge doubts about my abilities since the end of  treatment, look at how I wrote 

"painting" the other day 

Cognitive functions after cancer,  
What patients report… 
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…Woman interviewed after breast cancer and chemotherapy 



Neurotoxicities and chemotherapies : 
« Objective » cognitive troubles  

Control Chemotherapy Complex draw of Rey 

Frontal cortex and cerebellum 

Parietal cortex 

Activity 
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n-back test : Executive functions 

Two-back test – A C M C Q P C X R X  

One-back test – P R M M Y D D R P R  

Three-back test – A B C M R C Q R  

1-back 2-back 3-back 

Role of chemotherapy: the story of the two 
homozygous twins 

Cancer/chemotherapy  

Control 

• Low efficacy = deficit 
• Cerebral fatigue 

Ferguson et al., 2007 
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The fog and fatigue of CHEMOBRAIN - CHEMOFOG  
in cancer survivors  

Hormones 

Vascular lesions 
Inflammation 

Metabolism 

Myelin damage 

Anemia 

Secondary organ 
toxicity 

Emotions 
Neurotoxicity 

Brain blood barrier 

Fatigue 

Chemotherapy Cancer 

Cognitive reserve 

Stress Anxiety 

Depression 

Aging 

Targeted Therapy 

• Neurocognitive evaluation guidelines 
• Clinical networks 
• Imaging procedures 
• Rehabilitation 
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The fog and « fatigue » of Chemobrain  
in animal models: Chemotherapy 

 Direct role on cognition: learning and memory deficits  
and/or executive function impairments 
 
 Metotrexate alone (Madhyastha et al., 2002; Seigers 2008, 2009); 5-FU alone 

(Mustafa et al., 2008; Fardell et al., 2012), combination including 5-FU or 
metotrexate (Winocur, 2006; Gandal et al., 2008; Foley et al., 2008; Liedke et al., 
2009; Walker et al., 2011), cyclophosphamide, doxorubicine, cytocine arabinoside or 
tiotTEPA (Konat et al., 2008, MaclLeod et al., 2007, Li et al., 2008; Mondie et al., 

2010; Yang et al., 2010)…or no effect (Fremouw et al., 2011). 

 

 Highlight neurobiological mechanisms 

 Decreased cell proliferation, alteration of neuromediators, Neural progenitor cells, 
oligodendroglial precurors (Dietrich et al., 2006;  Han et al., 2007),  hippocampal and 
sub-ventricular zones , Hypothalamic functions (Weymann et al., 2013) 

 

 Testing neuroprotectants and prevention of cognitive deficits 
  Donepezil, fluoxetine, physical activity, glucose (Elbeltagy et al., 2009; Lyons et al., 

2011; Winocur et al., 2011; Fardell et al., 2012; Dubois et al., 2014) 

 

 

Age 

Longitudinal 

Comorbidities 

Risk factors 

Neurobiology 

Biomarkers 

Neuro- 
protectants 
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Learning plasticity Spatial learning and memory 

1st Day 4th Day 
Learning test Transfer test 

The Morris water maze test 

Effects of 5-FU on cognitive functions in 
 young and aged mice   

Dubois et al, Neuropharmacology, 2014a 
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* Treatment effect: 
Young Saline 

Young 5-FU 

Aged Saline 

Aged 5-FU 
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   Platform 

Young 5-FU 

Young Saline 

Aged Saline Aged 5-FU 

Departure Departure 

Occupancy plots : Strategy to find the platform! 

   Platform 

Young Saline Young 5-FU 

Departure Departure 

Position of the platform, the day before 

New position of the platform 

Effects of 5-FU in learning plasticity in  
young and aged mice 

Dubois et al, Neuropharmacology, 2014a 

5-FU alters behavioral flexibility: Adaptation to novelty  

Transfer Young 5-FU.wmv


RMS SVZ-SGZ 

Adult 
Cerebellum  

Hippocampus and prefrontal cortex 

Sub-granular zone 

5-FU 

5-FU 

Sub-ventricular zone 

Neurogenic niches 

Chemotherapy alters neural progenitor division? 
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5-FU and hippocampal cell proliferation 
in young mice 

In vivo proliferating cells in the hippocampus 

Young Saline 

Young 5-FU 

Aged Saline 

Aged 5-FU 

Subgranular zone of the hippocampus 
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Dubois et al, Neuropharmacology, 2014a 
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Specific link between behavioral flexibility and neurogenesis? 



Endothelial  
cells  

Tumoral  
cells 

RAS 

RAF 

MEK 

ERK 

SUNITINIB 

Stimulated by growth 
Factors (EGF, IGF) 

P 
HYPOXIA 

HIF-1α HIF-1β 

PI3K 

AKT 

mTOR 

VEGFR 

Proliferation 

Angiogenenesis 
Survival 
Anti-apoptiotic effects 

BEVACIZUMAB 

+ 

Does targeted therapy also induce chemofog? 
Role of the anti-VEGF 

P 
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HIF-1 

HIF-1 VEGF 



• Verbal deficits 
• Confusion 
• Temporal Dysorientation 
• Motor (walking) troubles 
• Letargy 
• Hypokinesia 
• Cognitive troubles  

Kleinschimdt DeMasters et al., 2009 
 

Pet-Scan 

MRI 

Sunitinib  
(50 mg/day) 

Van Der Veldt et al., 2007 
 

Renal cancer 
VEGFR X 

• Dysorientation  
• Attentional deficits 
• Deficits of short-term memory 
• Motor (Walking) troubles 

Bevacizumab  
(15 mg/m2/day) 

FLAIR 

MRI diffusion 

Breast cancer 

VEGF-A 

X 

CNS effects of anti-VEGF: Leuco-encephalopathy  
in peripheral cancers 
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Major effects of VEGF on cognition:  
Information from animal models 

Behavioral tests: passive avoidance test 

and Morris Water maze  

Hippocampal vascularization 

 

 

VEGF injected into  
the brain parenchyma  

Neurogenesis 

Cao et al. 2004 
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VEGF on memory, neurogenesis and brain vascularization 



Direct impact of anti-VEGF cancer therapy on 
cognitive functions and brain plasticity? 

In vivo 

In vitro 

Saline 

Mice arrival 

Anxiety 

Depressive-like 

Spatial learning      

Spatial memory    

Flexibility    Reactivity to novelty 

  Spontaneous  
activity 

Exploration 

   BrdU 

 MTA with Genentech/Roche 

 MTA with Genentech/Roche 

IP injections  

J0      J4 J8     J12 J16 J20               J26                                     

B-20.4.1.1 
1.5 mg/kg 

Bevacizumab 

1.5 mg/kg 

Chemotherapy-2015-04th-06th August, Valencia, Spain  



98 

100 

102 

104 

106 

108 

0 1 2 3 4 5 6 7 8 9 11 12 13 14 15 16 18 19 20 21 

Days 

W
e
ig

h
t 

(%
) 

NaCl 

B20-4.1.1 

Bevacizumab 

"   "   

* * * * 
* 

Weight evolution during treatment  
with anti-VEGF 

IP injections  

J0      J4 J8     J12 J16 J20               J26                                     

B20-4.1.1 

Bevacizumab 

Dubois et al, submitted 

Chemotherapy-2015-04th-06th August, Valencia, Spain  



L
a

te
n

c
y
 (

s
) 

0 

10 

20 

30 

40 

50 

1 2 3 4 

Means of Trials 

NaCl 

B20-4.1.1 

Bevacizumab 

0 

10 

20 

30 

40 

1 2 3 4 
Days 

L
a

te
n

c
y
 (

s
) 

Treatment Effect : * 

Effect of anti-VEGF on spatial learning and 
memory 

Behavioral flexibility Spatial learning and memory 

1st Day 4th Day 

The Morris water maze test 

Chemotherapy-2015-04th-06th August, Valencia, Spain  



Chemotherapy-2015-04th-06th August, Valencia, Spain  

In vivo BrdU+ cells in the hippocampus 
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In vitro Neural stem cells 
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Anti-VEGF and hippocampal cell proliferation? 
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Anti-VEGF on hippocampal vascularization 
In vivo Collagen IV+-components in the hippocampus 
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In vitro endothelial cell proliferation 
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Brain metabolic activity: cytochrome oxidase   

DG, dentate gyrus;  

VDB, nucleus of the vertical diagonal band 

of Broca;  

med., median ;  

lat., lateral  
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Selective alteration of the CA3 area hippocampus 
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Hippocampus 
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CA3 and long-term potentiation (LTP)- learning 
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• Bevacizumab 

Learning memory and long-term 
potentiation 

•  Chemotherapy 

Behavioral flexibility and decrease of 
hippocampal cell proliferation 

In conclusion 

Behavioral flexibility 
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neurogenesis Long-term potentiation 

learning 



International platform « Cancer and Cognition » 
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International platform « Cancer and Cognition » 

http://www.cancerandcognition.com 
helene.castel@univ-rouen.fr Chemotherapy-2015-04th-06th August, Valencia, Spain  

http://www.cancerandcognition.com/
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