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Outline 

• Physics & Chemistry of Radiation Absorption 

• Radiobiological basis of Radiotherapy 

• Treatment Planning 

• Charged particles  

 



 X-rays 

• 1895 Roentgen 
discovery of X-rays 

• 1896, 1st medical use 
reported in Lancet (Dx) 

– X-ray of sailor’s 
backbone to remove 
piece of a knife 

1896, L. Freund treatment 
of a hairy mole  before 
Vienna Medical Society 

 



1st Therapeutic use  

• 1896, , L. Freund 
treatment of a hairy 
mole  before Vienna 
Medical Society 

• A-H Becquerel discovery 
of radioactivity emitted 
by uranium compounds 

• Becquerel 
INADVERTENTLY left 
radium container in his 
vest pocket 

 

• 1901, Pierre Curie 
“radiation burn” 



Mortality for the leading causes for 
death 

• Heart diseases  36% 

• Cancer     22% 

• CVA diseases   7% 

• Accidents    5% 

• By 2003 statistics (Canada), cancer is equal to 
cardiovascular disease as a leading cause of 
death 





Hallmarks of Cancer 

 

Cell, Vol. 100, 57–70, January 7, 2000, Copyright ã2000 by Cell Press 



Cell, Vol. 100, 57–70, January 7, 2000, Copyright ã2000 by Cell Press 



Radiobiology & Radiotherapy 

• The study of the interaction of ionizing 
radiation on living things 

– excitation or ionization 

 

• The medical use of ionizing radiation to treat 
malignant disease. 



Radiobiology & Radiotherapy 

• IR local release of large amount of energy 

• ~ 33eV dissipated / ionizing event, enough to 
break  strong chemical bond 

•  energy associated C=C bond is 4.9 eV 

• Types: 

– Electromagnetic 

– particulate 



Electromagnetic Radiations 

• X-rays and γ-rays 

– extranuclear and 
intranuclear production 

• X-rays 

– electrical & magnetic 
energy 
• λv=c 

– Streams of 
photons/”packets” 
energy 
• hμ 

• λA=12.4/E(keV) 

 

 

 

 

 



Radiobiology 

• Concept of X-rays composed as photons is 
central in radiobiology 

• Energy is deposited in tissues & cells unevenly 
in discrete packets culminates in biologic 
change 



Particulate Radiations 

• Electrons, protons, α-
particles, neutrons, -π 
mesons, heavy charged 
ions 
– small - charged particles 

accelerated to high energy 
(betatron or linear 
accelerator) 

– + charged particles, 
relatively massive, 
accelerated to high energy 
(cyclotron) 

– mass like protons, no 
electrical charge 

– C, Ne, Fe + charged 

• α-particles (+charged, 
decay) lung cancer in 
smokers (10-20,000 
cases/year) 



Absorptions of X-rays 

 
• Absorption of an x-ray photon 

by the Compton process (Co & 
linac).  

• The photon interacts with a 
loosely bound planetary 
electron of an atom of the 
absorbing 

• material. Part of the photon 
energy is given to the electron 
as kinetic energy. The photon, 
deflected from its original 
direction, proceeds with 
reduced energy. 



Absorptions of X-rays • Absorption of a photon of x- or γ-rays by the 
Photoelectric process. The interaction involves 
the photon and a tightly bound orbital electron 
of an atom of the absorber. The photon gives up 
its energy entirely; the electron is ejected with a 
kinetic energy equal to the energy of the incident 
photon less the binding energy that previously 
held the electron in orbit (top). The vacancy is 
filled either by an electron from an outer 

• orbit or by a free electron from outside the atom 
(bottom). If 

• an electron changes energy levels, the difference 
in energy is 

• emitted as a photon of characteristic x-rays. For 
soft tissue 

• these x-rays are of very low energy. 



Action of Radiation 

 

• Direct and indirect actions of 
radiation. The structure of DNA is 
shown schematically. In direct action, 
a secondary electron resulting from 
absorption of an x-ray photon 
interacts with the DNA to produce an 
effect. In indirect action, the 
secondary electron interacts with, for 
example, a water molecule to 
produce a hydroxyl radical (OH·), 
which in turn produces the damage 
to the DNA. The DNA helix has a 
diameter of about 20 Å (2 nm). It is 
estimated that free radicals produced 
in a cylinder with a diameter double 
that of the DNA helix can affect the 
DNA. Indirect action is dominant for 
sparsely ionizing radiation, such as x-
rays. S, sugar; P, phosphorus; A, adenine; 
T, thymine; G, guanine; C, cytosine. 



Interactions of Charged Particles 

• Ionization and excitation 

• Mediated by Coulomb force (electric fields of 
particle & material) 

• Heavy charged particles give rises to nuclear 
reactions (positrons emitters) 

– Rate of energy loss proportional to square of 
charged particle and inversely to square of its 
velocity “Bragg peak”  



Percent Depth Dose 



Interactions of Charged Particles 

• Electrons small masses 
thus multiple scattering 
and changes in 
direction of motion 
resulting in a “smearing 
out” of the Bragg peak 
effect 

 

 



Interactions of Charged Particles 

• Neutrons are indirectly ionizing interacting by 
2 processes: 

– Recoiling protons: dose deposited in tissue is 
predominantly from recoil protons, dose absorbed 
by in fat is 20% > muscle due to differential H 
content 

– Nuclear disintegrations (charged particles & -rays) 
give rise to ~ 30% of the tissue dose 

 



Relative Biological Effectiveness 

Type and Energy 

Range 

Radiation Weighting 

Factors 

X and Gamma rays 1 

Electrons 1 

Neutrons (energy 

dependent) 

5-20 

Protons 5 

Alpha Particles 20 

 

RBE = Dose from reference radiation / 

  Dose from test radiation, DT  

 



Dose Response Curves 

 



Cell survival curves 

 



Cell Survival Curves 

 



Mechanism of cytotoxicity 



Chromosomal 
Damage 

Apoptosis Reproductive 
death 

Necrosis 



Effect of Oxygen 

 



Tumor Oxygenation 

 



Re-oxygenation 



Effect of Cell Cycle 

 



Why Daily treatments? 
Four R’s of radiotherapy: 

• Repair of sub-lethal damage 

• Re-oxygenation 

• Repopulation 

• Redistribution 

 



Effect of fractionation on tissue 
damage 



Effect of fractionation on tissue 
damage 



Radiotherapy delivery : 

• External beam radiotherapy: 
– Photons:  

• X-rays:  Linear accelerators. 

• γ-rays:  Cobalt machines. 

 

– Particles: 
• Electrons. 

• Neutrons. 

• Protons. 

 

• Brachytherapy: 
– Interstitial. 

– Intracavitary. 



Linear Accelerator 





LINAC 



XRT Treatment Volumes 



Treatment Sequence 
Patient referral to 
oncology 

Investigations History, physical 
examination, imaging, 
biopsy, pathology 

Cancer staging T = tumor size 
N = lymph node extension 
M = metastasis 

Multidisciplinary Tumor 
Board 

Surgeon, radiation 
oncologist, medical 
oncologist, pathologist & 
radiologist 

Treatment 
recommendations / clinical 
trials 

Radiotherapy CT simulation: 
immobilisation, isocenter, 
marking 
CT planning: image fusion 
(US/MRI/PET) 
Target volumes delineation 
Treatment 
planning/dosimetry 















Role of Radiotherapy: 
• Cancer treatment: 

– Curative Primary: 

• Prostate cancer. 

• Cancer of the head and neck region (early stage) 

• Hodgkin’s disease. 

• Cervix cancer. 

 

– Curative as part of a combined approach: 

• Lung cancer. 

• Non-Hodgkin Lymphoma. 

• Cancer of the Head and Neck Region (advanced stage) 

• GI malignancies 



Role of Radiotherapy: 

• Cancer treatment: 

– Curative Adjuvant to surgery: 

• Breast cancer. 

• Sarcoma. 

• Cancer of the Head and Neck region. 

• Carcinoma of the rectum. 

• Tumors of the Central Nervous Systems 



Role of Radiotherapy: 

• Cancer treatment: 

– Palliative treatment: 

• Pain: Bone metastasis 

• Bleeding: Hemoptysis, Hematuria. 

• Obstructive or compressive symptoms: 
– Superior vena cava 

– Spinal cord compression 

• Brain metastasis. 



Role of Radiotherapy: 

• Treatment of begnin disease: 
• Prophylaxis of heterotopic bone formation. 

• Arterio-venous malformation. 

• Grave’s disease. 

• Keloids. 

• Pterygium. 

 

 



Timing and clinical manifestation of 
radiation injury 

 

• 1. Acute clinical period  0-6 months 

• 2. Sub-acute period   6-12 months 

• 3. Chronic clinical period  1-5 years 

• 4. Late clinical period 



Acute versus late injury 

• Timing depends on cell cycle kinetics 

• Clinical importance: reversible versus 
irreversible 

• Correlation between acute and late 
complications 



Factors affecting radiation damage 

 

• 1. Volume to be irradiated 

• 2. Total dose 

• 3. Fraction size 

• 4. Concomitant treatment 



Total body irradiation  

    Dose   Effects 

Group I  0.5-1.5 Gy  Minimal   

Group II  1.5- 4 Gy  Mild N/V 

Group III  4- 6 Gy  Hemopoietic 

Group IV  6- 14 Gy  GI 

Group V  > 50 Gy  CNS 







Radiation-Induced Malignancy 

• 1. There is no threshold 

• 2. Long latent period 

• 3. Within the radiation ports 

• 4. Different organ sensitivity 

– Thyroid, breast, lungs 

– Skeletal muscle 



Image Guided RT 

• IMRT 
– http://www.youtube.com/watch?v=eZS6DVGBx0k&feature=related 

• Rapid Arc 

– http://www.youtube.com/watch?v=3s756awIl8o 

•  Cyber Knife 

– http://www.accuray.com/videos/lung_radiosurgery.aspx?v
ideo=Accuray_Lung 

• Proton Therapy 

– http://www.youtube.com/watch?v=W0q5pmeRhu4&featu
re=related 

• RESEARCH COOPERATION HYDRON THERAPY: ENLIGHT 

– http://enlight.web.cern.ch/enlight/cms/?file=home 
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Charged Particles Therapy 

• Advantages 

– Superior dose 
distribution vs. photons 

• Hypothesis 

– Improvement in 
treatment-related 
toxicity 

– Would allow for dose-
escalation studies 

– Should improve local 
control 

– May improve overall 
survival 
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