
MRES/PhD teaching programme 

 Principles & practice of 

radiation therapy 



Learning objectives 

Understand the physical basis for radiation therapy 
(RT) using high energy-rays 
 

Differentiate between different forms of RT 
 

Understand the importance of dose, time and 
fractionation in modern RT 

 

Learn about benefits and risks and risks of RT as an 
anticancer treatment 



Timeline of radiation therapy 1 

1962 

1951 

1945 

1895 Discovery of x-rays 

Nevada bomb tests 

1897 

1940 

1930 

1920 

1910 

First atomic bomb 

Discovery of radium 

First radium institutes 

Radiation beneficial 

Treatment of skin mets 1896 

Manhattan project 

Radioeuphoria 

Radiophobia develops 



Timeline of radiation therapy 2 

 
1984    First 3D conformal radiotherapy 
 
1988    IMRT concept conceived  
 
 
1992   First IMRT treatment 
 
 
2001    Cyberknife commisioned for robotic radiosurgery 
 
2002  First Tomotherapy IMRT/IGRT unit developed 

 Industry reviews now suggest the average lead time for development 
of new technology and integration into a radiotherapy product is 
now 5-7 years. 

 It takes 12-15 years to get a new drug from discovery stage into 
widespread clinical use 

 



Physical basis for radiotherapy 
 High energy x-rays interact with matter to produce 

high energy electrons 
 Direct effect – direct interaction of electron 

with DNA to produce DSBs and SSBs 
 Indirect effect – electron interacts with a water 

molecule close to DNA. The water molecule is 
split into reactive H· and OH · radicals and 
these induce double and single stranded 
breaks 
 

 Without matter to interact with, an x-ray won’t 
deposit dose. This is  the build-up effect 
 

 Higher energy x-rays pass further through the body 
before interacting with tissue, hence depositing 
dose deeper into tissues 

 



Dose 

Radiation dose = absorbed energy 
• SI unit = gray (Gy) = joule per kilogram 

 

Radical (eradicate macroscopic disease) 
• > 60 Gy 

 
Adjuvant (eradicate microscopic disease)  

• ~ 50 Gy 
 

Palliative (no tumour eradication)  
• 30 - 40 Gy 

 
 

 

Nomenclature  

 
Gray= unit of 
absorbed dose in 
tissue  
 
Sievert = unit of dose 
multiplied by ‘quality 
factor’ representing 
biological effect of 
that dose 
Used in radiation 
protection 
 
For X-rays, 1Sv = 1Gy 
 
1Gy : Thermal energy 
in a cup of coffee 
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RT Dose & therapeutic index 
 

 Best chance of cure, with least 
normal tissue side effects - 
separate these two curves as 
much as possible: 

  
 Conform dose to tumour & 

away from normal tissues 
(Radiotherapy Physics) 

 Break up treatment into 
fractions to allow normal 
tissue to repair (Radiation 
biology) 

 Enhance tumour kill, or 
protect health cells, by 
combining drugs with RT 
(Cell biology) 
 



  ~ 40% of people will develop cancer 
  50% will require RT  
  Of which 60% is curative 
 

RT can cure cancer 



Radical (curative) RT 

Primary curative treatment  
– Squamous cell carcinomas 

• Skin 
• Cervix 
• Head + neck 
• Lung 
• Anus 

– Lymphoma 
– Prostate 

Organ preserving 
 



Radical RT 

Pre-RT 6 weeks later 9 months later 



Start EBRT End EBRT 

Radical RT 



Adjuvant (insurance) RT 

Supplement to primary curative treatment 
– Reduce local recurrence 
– Improve survival 

 
Sites  

– Localised, critical structure tolerance 
• Breast 

• Rectum 

• Endometrium 

• Sarcoma 

 

 



Breast RT 



Palliative RT 

Local 

– Bone pain 

– Pressure 

• Nerve/cord 
compression  

• Soft tissue  

– Bleeding 

 



Palliative RT 



Acute RT toxicity 

• Starts ~2 weeks into treatment  

• Resolves ~2-4 weeks after completion 

• Affects fast proliferating tissues “itis”, e.g. 

– Dermatitis 

– Enteritis 

 

 



Late RT toxicity 

• Begins 6 months to 2 years after RT 

• Fibrosis 

• Vascular damage 
– Small vessel dilatation 

– Small vessel constriction 

 



Optimising therapeutic ratio 

Conform dose to tumour & away from normal 
tissues 
 

Break up treatment into fractions to allow normal tissue to 
repair 

 

Enhance tumour kill, or protect health cells, by combining 
drugs with RT  

 
 



Conforming dose: smaller volumes 

Conventional 
‘square’ plan 

3D conformal 
plan 

IMRT plan 



Modern linear accelerators  

The TomoTherapy 
unit has geometry 
like traditional CT 
scanner: radiation 
beam rotates round 
the patient as they 
move through the 
machine 

VMAT or volumetric 
modulated arc 
therapy, uses a 
traditional linear 
accelerator gantry  
rotating round the 
patient 

Cyberknife uses 
linear accelerator 
mounted on end of 
a robotic arm: 
moves around 
patient with high 
number of degrees 
of freedom 



Optimising therapeutic ratio 

Conform dose to tumour & away from normal tissues 

 

Break up treatment into fractions to allow 
normal tissue to repair 

 

Enhance tumour kill, or protect health cells, by combining 
drugs with RT  

 
 



RT Time and fractionation 
 Defective DNA repair is a hallmark of cancer 
 Normal tissue cells (should) have normal DNA repair: repair half time in acute reacting 

normal tissues ~ 8 hours 
 Irradiate 2 cells and measure DNA damage level over 24 hours: 

Damage level 0 

Tumour 

Normal tissues 

Damage level 0 

Damage level 40 

2 Hours 24 Hours 

Damage level 40 

2 Hours 24 Hours 
Damage level 40 Damage level 5 



RT Time and fractionation 
 Scale this up to lots and lots of daily treatments, and we see the following effect in the 

tumour cells, depending on the speed with which they regrow (repopulate) between 
treatments 

 In contrast, normal tissues won’t regrow much at all , but they will repair most of the 
DNA damage between treatments 

 This is why most radiotherapy is given as a 6-7 week course of radiotherapy treatment 
fractions 



Optimising therapeutic ratio 

Conform dose to tumour & away from normal tissues 

 

Break up treatment into fractions to allow normal tissue to 
repair 

 

Enhance tumour kill, or protect health 
cells, by combining drugs with RT  

 
 



Chemo-radiation for cervix cancer 

 Addition of chemotherapy to radiotherapy significantly 
improves 5-year survival 

Metaanalysis Trials Patients Increase HR p value 

2001 (2005)  24 4921 10% 
(7 to 13%) 

0.69 
(0.61 to 

0.77) 

<0.0000
1 

2002 8 1065 
0.74 

(0.64 to 
0.86) 

0.00006 

2008 13 3104 6% 
0.81 

(0.71 to 
0.91) 

0.0006 



Limitations of x-ray (photon) RT 

As we use more and more 
beamlets of radiation to 
target the tumour, we can 
‘paint’ dose with higher 
spatial precision 
 

The cost of this is smearing 
more low dose radiation 
through the patient 
 

Low doses may be 
important in late effects of 
radiotherapy, especially in 
growing children 



Proton beam therapy 

• Currently only have a low energy proton therapy unit in UK for treating 
eye tumours 

• 2 clinical facilities are being developed in UCL and Manchester  
• An x-ray based linac unit costs about £1.2-4M 
• A proton therapy facility costs around £40-£100M 
• System in place for treating NHS patients in Switzerland and the USA 



Protons vs Photons  

Best X-ray plan (IMRT) Proton beam plan 

Dose conformity to the tumour is 
similar in both plans, but there is 
much less low dose bath with the 
proton plan: cerebellum & 
posterior neck tissues receive no 
dose 

BUT 
Photon IGRT methods not 

possible with proton beam 
therapy as the beam does not 
exit the patient 

1Gy x-rays ≠ 1Gy protons: 
biological effects of protons are 
complex and not fully 
characterized 

 



Summary 

RT is a spatially targeted anti-cancer therapy that induces lethal 
DNA damage into cancer cells 
 

RT is used to achieve local control in tumours with both 
curative and palliative intent 
 

A range of new RT technologies share the aim of delivering high 
dose to tumour and low dose to surrounding tissues 
 

Time, dose & fractionation of RT are used to enhance the 
therapeutic ratio  
 

Extensive use of imaging to plan and deliver radiotherapy 
 

Acute & late side effects of RT need careful consideration 



Additional reading 

 Radiotherapy is mostly a postgraduate speciality, but if you do want to find out 
more, take a look at: 

 
 Walter & Miller’s Textbook of Radiotherapy (7th Ed). A very light read 

used by our radiographers when they start in radiotherapy. A bit 
physics based. 

 

 External beam therapy by Peter Hoskin. A bit more clinical, but still a 
very clear book. 

 

http://www.cancerquest.org/radiation-therapy-introduction.html 
Geared to American practice, but still useful 


