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NOTIONS DE BASE, QUELQUES DEFINITIONS

Invasion et extension :
◦ Invasion par extension en surface ou infiltration en profondeur:

® extension LOCALE

◦ Infiltration en profondeur avec colonisation des vaisseaux lymphatiques et sanguins et 
migration de cellules:

® extension LOCO-REGIONALE : ENVAHISSEMENT GANGLIONNAIRE
® extension A DISTANCE : METASTASE

Métastase :
◦ Sites les plus fréquents: poumon, foie, os



Les Traitements
1/ Volets principaux dans le 3t des cancers:

◦ Chirurgie
◦ Chimiothérapie
◦ Radiothérapie
◦ Autres: Hormonothérapie, radiologie intervenTonnelle…

2/ La Radiothérapie:
◦ Associée +++
◦ Exclusive
◦ Impliquée dans le Wt de 60 % des paTents aWeints de cancer



1896 – Despeignes

1ere Utilistion des Rx   
pour le traitement 
des cancers

1905-10  Chicotot



Aujourd’hui ...
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Comment ça marche?

Notions de Radiobiologie



EFFETS DES RAYONNEMENTS 
IONISANTS SUR L’ADN



Dommages radio-induits dans l’ADN

Cassure simple brin
(CSB)

Pontage ADN-protéine
Pontage intrabrin

Modification d’une base
(oxydation, réarrangement,
adduits)

Cassure double brin (CDB)Site abasique
(apyrimidique ou apurique)

protéine

ADN

Lésions complexes et groupées, 
Dommages multiples localisés (LMDS)



Effet différentiel
Facteur temps - Étalement

Tissus Sain

Tissus Tumoral

Complications



Irradiation

réactions radicalaires

réactions moléculaires

réponse cellulaire immédiate

effets précoces

Effets tardifs

ionisations, excitations

lésions de l’ADN, peroxydations des membranes

reprogrammation du génome, réparation

mort cellulaire, inflammation

Séquelles Tumeurs
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La radiothérapie version basique

Price K et al. NRC 2009 Nature Reviews | Cancer
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Reconstruct models
In vitro models in which 
individual cell types can  
be co-cultured and used  
to form three-dimensional 
representations of the  
original tissue.

(TNFα)42, but underlying their actions is the involvement 
of reactive oxygen species (ROS) such as superoxide 
radicals. The first report of soluble factors released after 
radiation exposure was in 1922: serum from irradiated 
animals was shown to stimulate the growth of lymphoid 
cells in suspension whereas control serum caused cell 
degradation43. The effect was evident 1–2 hours after 
irradiation but was not observed in serum isolated 
17 hours after exposure. Further studies in the 1950s 
and 1960s reported these clastogenic factors in blood 
samples from radiotherapy patients44 and more recent 
work has reported these factors were present in blood 
samples from individuals exposed to radiation from the 
Chernobyl nuclear power plant accident45.

The mechanisms of bystander signalling are now 
starting to be elucidated at the molecular level and sev-
eral key molecules are known to have major roles in some 
systems (FIG. 3). Not surprisingly, these are central fac-
tors involved in stress responses and cell–cell signalling, 
which are not generally specific to radiation exposure. 
A range of studies have shown clear evidence for a key 
role for cytokines, including interleukin 6 (IL-6)46, IL-8 
(REF. 47), transforming growth factor-β1 (TGFβ1)48 and 
TNFα49, ROS50 and reactive nitrogen species25,51. Many 
aspects of bystander-mediated signalling and response 
have close parallels to inflammatory responses. For 
example, recent studies have shown that macrophages, 
which are key mediators of the inflammatory response 
in vivo, produce persistent increased levels of oxidative 
stress after radiation exposure under bystander condi-
tions52. At the molecular level, cyclooxygenase 2 (COX2, 

also known as PTGS2)-dependent signalling has been 
shown to be a central player in cellular inflammatory 
responses and also mediates bystander signalling. The 
activation of the MAPK pathways is crucial for the action 
of COX2. Downstream signalling leads to transcrip-
tion factor activation, including inducible nitric oxide 
(NO) synthase (iNOS, also known as NOS2) activation 
leading to the production of reactive nitrogen species. 
Inhibition of these pathways in bystander cells leads to 
inactivation of bystander responses, suggesting a poten-
tial route for modulating these responses in a clinical 
setting49. For example, it may be beneficial to activate 
bystander responses to increase tumour cell killing, or 
to prevent them in order to protect normal tissues from 
additional damage.

Overall, the underlying mechanisms involved in the 
signalling of bystander responses to neighbouring cells 
and the cell signalling pathways in those cells are being 
elucidated. However, there is a significant paucity of data 
on the mechanisms of release of bystander signals from 
irradiated cells. Using microbeams to target radiation to 
specific subregions of cells, it was shown that direct DNA 
damage of an irradiated cell is not required to trigger 
a bystander response53. Energy deposited in the cyto-
plasm is capable of producing ROS, which can indirectly 
lead to nuclear DNA damage54. Therefore, it has been 
proposed that subcellular targets such as mitochondria 
could play an important part, either as direct targets for 
the production of bystander signals or as parts of a signal 
transduction mechanism55,56. This probably involves the 
direct release of ROS in response to direct irradiation 
or indirect triggering of cytochrome c release owing to 
changes in mitochondrial membrane permeability.

Long-range bystander effects. It is important to deter-
mine how the bystander responses manifest in more 
complex three-dimensional systems and in vivo. A 
natural progression from studies looking at bystander 
interactions between different cell types has been the 
use of intact tissue sections or reconstruct models for 
bystander signalling57. Some of the earliest work in this 
area has been done in urothelial models owing to their 
organized structures and ease of isolation from animal 
sources and from patients undergoing urology proce-
dures. In pioneering work, Mothersill and colleagues 
used samples of both human and murine urothelium. 
Using a cell reporter system for measuring the bystander 
effect, sections of bladder were irradiated and medium 
was transferred from these to the reporter system. 
Significant changes in the survival of the reporter cells 
were observed58. Measurements in vivo from mice con-
firmed such changes in survival and provided evidence 
for a genetic component underlying these responses59.

Belyakov and colleagues used a microbeam approach 
with both human and porcine urothelial samples. In a 
series of studies they reported that, as well as a dam-
aging bystander response in locally irradiated sections 
of tissues, there was increased differentiation of cells 
after bystander signalling. This response was signifi-
cantly greater than the number of damaged cells being 
produced in the population suggesting that, at least in 

Figure 1 | Direct DNA damage radiation model. The schematic shows the standard 
model of DNA damage responses to radiation in biological systems, with direct DNA 
damage having a central role and the production of DNA double strand breaks (DSBs) 
leading to downstream biological consequences. Cells have complex pathways for 
sensing DNA damage and correctly repairing the DNA damage to survive the radiation 
exposure. If the DNA damage is not repaired, there is a high probability of cell death. 
DNA damage that is misrepaired can lead to mutations, increasing the probability of 
transformation and carcinogenesis.
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Radiations ionisantes :
- Cassures d’ADN
- Mort cellulaire
- Réparation
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La radiothérapie version complexe

Nature Reviews | Cancer
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Figure 1 | Radiation effects on the TME. Damage from ionizing radiation leads to effects on numerous cell types within 
the tumour microenvironment (TME). Tumour endothelial cells are sensitive to radiation, and the death of these cells 
initiates the inflammation cascade. Damage also leads to increased intercellular adhesion molecule 1 (ICAM1) and 
vascular cell adhesion molecule 1 (VCAM1) expression and leads to the increased attraction of innate immune cells.  
The upregulation of integrins on endothelial cells leads to increased survival, which acts as a method of radioresistance. 
Vascular depletion potentiates the effects of hypoxia, leading to hypoxia-inducible factor 1α (HIF1 α) signalling and to 
pro-angiogenic stimuli through vascular endothelial growth factor (VEGF) and pro-vasculogenic stimuli through 
chemokine (C-X-C motif) ligand 12 (CXCL12). Cancer-associated fibroblast (CAF) activation following radiation leads to 
altered growth factor secretion and to the release of numerous modulators of the extracellular matrix (ECM) and cytokines. 
Transforming growth factor-β (TGFβ) signalling is complex and pleiotropic — it directly affects tumour cells and CAFs, 
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o Epidémiologie du cancer du sein dans les DFA1,2 :

ü 2nde localisaTon néoplasique
ü 1er cancer chez la femme
ü 204 nouveaux cas annuellement en MarTnique

1. 1 Joachim C, Veronique-baudin J, Ulric-gervaise S, Pomier A, Pierre-louis A, Vestris M, Novella JL, Drame M, Macni J, Escarmant P. Cancer Burden In The Caribbean: An Overview Of The Martinique Cancer Registry
Profile. BMC Cancer. 15 Mars 2019;19(1):239. 

2. Départements Français d’Amérique (Martinique, Guadeloupe, Guyane)

INTRODUCTION



INTRODUCTION

o Radiothérapie adjuvante -> rôle central  [1]

o Radiothérapie axillaire

ü Indiquée si atteinte ganglionnaire massive du creux axillaire (N+), ou atteinte N+ et curage insuffisant/non 
fait

ü Bénéfice sur le risque de récidive loco-régional de la maladie [2]

ü Effets indésirables fréquents [3]

1. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG), Darby S, Mcgale P, Correa C, Taylor C, Arriagada R, Clarke M and al. Effect Of Radiotherapy After Breast-conserving Surgery On 10-year Recurrence And 15-year 
Breast Cancer Death: Meta-analysis Of Individual Patient Data For 10,801 Women In 17 Randomised Trials. Lancet Lond Engl. 12 Nov 2011;378(9804):1707-16. 

2. Donker M, Van Tienhoven G, Straver ME, Meijnen P, Mansel RE, Cataliotti L and al EJT. Radiotherapy Or Surgery Of The Axilla After A Positive SentiNel Node In Breast Cancer (EORTC 10981-22023 AMAROS): A 
Randomised, Multicentre, Open-label, Phase 3 Non-inferiority Trial. Lancet Oncol. Nov 2014;15(12):1303-10.

3. Miller Cl, Specht Mc, Skolny Mn, Horick N, Jammallo Ls, O’toole J, Shenouda Mn, Sadek Bt, Smith Bl, Taghian Ag. Risk Of Lymphedema After Mastectomy: Potential Benefit Of Applying ACOSOG Z0011 Protocol To 
Mastectomy Patients. Breast Cancer Res Treat. Févr 2014;144(1):71-7. 



INTRODUCTION

o DéfiniDon

ü AccumulaTon de liquide lymphaTque à forte teneur  
protéique dans les espaces intersDDels et les Tssus  
sous-cutanés

ü Responsable de l’augmentaDon de volume d’un   
membre

o Mécanismes des lésions radio-induites

ü Précoce : altéraTon aigüe de l’endothélium et 
réacDon inflammatoire importante

ü Tardives : fibrose et obstrucDon des capillaires



1. Disipio T, Rye S, Newman B, Hayes S. Incidence Of Unilateral Arm Lymphoedema After Breast Cancer: A Systematic Review And Meta-analysis. Lancet 
Oncol. Mai 2013;14(6):500-15. 

2. Lin Y, Xu Y, Wang C, Song Y, Huang X, Zhang X, Cao X, Sun Q. Loco-regional Therapy And The Risk Of Breast Cancer-related Lymphedema: A Systematic
Review And Meta-analysis. Breast Cancer Tokyo Jpn. Nov 2021;28(6):1261-72. 

3. Kwan Ml, Yao S, Lee Vs, Roh Jm, Zhu Q, Ergas Ij and al. Race/Ethnicity, Genetic Ancestry, And Breast Cancer-related Lymphedema In The Pathways
Study. Breast Cancer Res Treat. Août 2016;159(1):119-29.

4. Taghian Nr, Miller Cl, Jammallo Ls, O’toole J, Skolny Mn. Lymphedema Following Breast Cancer Treatment And Impact On Quality Of Life: A Review. 
Crit Rev Oncol Hematol. Déc 2014;92(3):227-34.

INTRODUCTION

o Le lymphœdème du membre supérieur (LMS) est fréquent

ü Concerne 1 patiente sur 5 au cours de sa prise en charge [1,2]

ü Facteurs de risque identifiés [1,3]

ü Retentissements sur la qualité de vie [4]

ü Variabilité en population afro-caribéenne martiniquaise ? 

o PAS de DONNEES en population AFRO-CARIBEENNE 



INTRODUCTION

o Objectifs de l’ étude : 

ü Décrire l’incidence et les facteurs de risque de LMS après radiothérapie du creux axillaire chez les 
patientes martiniquaises afro-caribéennes

ü Décrire les pratiques professionnelles et l’état de connaissance des acteurs de santé en Martinique sur 
les ressources disponibles pour la prise en charge du LMS



o Critères d’inclusion : 

ü Patientes N+

ü Radiothérapie axillaire dans le traitement du cancer du sein 

ü CHU de Martinique entre 2015 et 2021

ü Patiente afro-caribéenne

o Critères d’exclusion : 

T Patientes M+

T Radiothérapie axillaire palliative (hémostatique ou décompressive)

T Durée de suivi post-traitement ≤ 1 an

MATERIELS ET METHODES

Radiothérapie du creux axillaire 
dans le traitement du cancer du 

sein entre 2015 et 2021

291 paTentes

Patientes afro-caribéennes : 

250 patientes



RESULTATS   
A) Caractéristiques de la population

ü Age moyen : 59,8 ans

ü Absence de différence significative : 

T Taille tumorale

T Envahissement ganglionnaire 

T Grade histopronostique (Elston-Ellis)



RESULTATS   

o Différences significaTves pour le groupe LMS :

ü OBESITE 

ü HTA



RESULTATS   
B) Caractéristiques du traitement

o Différences significatives pour le groupe LMS : 

ü MASTECTOMIE

ü Curage axillaire



RESULTATS

Classification CTCAE v5.0 (2017) 

Selon retentissement sur les 
activités instrumentales ou 

non instrumentales



RESULTATS

C) Incidence du LMS et caractérisKques de la prise en charge

ü Incidence du LMS :
59 patientes         23,6%

ü Grade CTCAE v5.0 : 
Majorité de grade 1 (69,5%)



RESULTATS

ü 74,6 %
Kinésithérapie 

ü 33,9 %
Compression médicale

ü 16,8 % 
Centre de référence



RESULTATS

o Facteurs de risque significatifs :

ü Mastectomie 2 fois plus de 
chance de développer un LMS

ü Obésité



RESULTATS

E) Enquête de praKque des professionnels de santé

q Mauvaise connaissance : 

T Force de contenTon 
adaptée

T Existence du RKS

T Adressage des paTentes 
au centre de référence



DISCUSSION

o 1ère données en population AFRO-CARIBEENNE

ü Incidence MAJOREE [1,2,3] presque 1 femme sur 4

ü Population à risque :

T OBESE

T MASTECTOMISEE

1. Disipio T, Rye S, Newman B, Hayes S. Incidence Of Unilateral Arm Lymphoedema After Breast Cancer: A Systematic Review And Meta-analysis. Lancet 
Oncol. Mai 2013;14(6):500-15. 
2. Lin Y, Xu Y, Wang C, Song Y, Huang X, Zhang X, Cao X, Sun Q. Loco-regional Therapy And The Risk Of Breast Cancer-related Lymphedema: A Systematic
Review And Meta-analysis. Breast Cancer Tokyo Jpn. Nov 2021;28(6):1261-72. 
3. Kwan ML, Yao S, Lee VS, Roh JM, Zhu Q, Ergas IJ, Liu Q, Zhang Y, Kutner SE, Quesenberry CP, Ambrosone CB, Kushi LH. Race/Ethnicity, Genetic Ancestry, 
And Breast Cancer-related Lymphedema In The Pathways Study. Breast Cancer Res Treat. Août 2016;159(1):119-29. 



1. Liu L, Yang Y, Guo Q, Ren B, Peng Q, Zou L, Zhu Y, Tian Y. Comparing Hypofractionated To Conventional Fractionated Radiotherapy In Postmastectomy Breast Cancer: A Meta-analysis
And Systematic Review. Radiat Oncol Lond Engl. 17 Janv 2020;15(1):17. 

DISCUSSION

o Radiothérapie ganglionnaire hypofractionnée [1] PAS de différence entre les deux groupes

o Délai moyen de survenu 12,3 mois          effet indésirable tardif

o Etat des lieux de la prise en charge 

ü Insuffisance prescription de compression adaptée

ü Méconnaissance du RKS 

ü Déficit d’adressage des patientes au centre de référence du CARBET
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