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Gray = physical unit of radiation

• Dose = absorbed E/mass

• Gray = unit of absorbed E (Joule/kg)

• 1 Gy = 2 x 105 ionization events/cell

(1% in DNA)
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3 x 3.3 Gy 5 x 2 Gy

Fractionation

The biological basis of fractionation

Difference of DNA Repair
Tumour Cells Healthy Tissue<
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Improving the therapeutic ratio of RT: 
radiosensitization
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Improving the therapeutic ratio of RT: 
conformal dose delivery
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Improving the therapeutic ratio of RT: 
dose-escalation
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2D-RT 3D-CRT IMRT VMAT1990 2000 2010

2D-RT

3D-CRT

IMRT

VMAT

Evolution of radiotherapy techniques

Radiorectitis = dose-limiting toxicity (DLT)

Intensity-modulated radiotherapy (IMRT)
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Multileaf collimator (MLC)

SEER database

Sheets N.C. et al. JAMA 2012. 
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VMAT

Advantages over “conventional” IMRT: 

• Fast (< 2 minutes):

• Limits intra-fraction motion

• Increases patient comfort

• Reduces waiting lists

• Probable radiobiological advantage

• Highly conformal: 

modulate at every angle

• Gantry speed

• MLC aperture shape

• Dose rate

Dawson J. et al. J Clin Oncol 2007.

Planning CT at RT simulation

CT at RT delivery

IGRT = making sure that treatment is delivered as planned

Image-guided radiotherapie (IGRT)
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2D-RT 3D-CRT IMRT

IGRT for prostate cancer

On-board Imaging (OBI)

kV On-Board 
Image Detector

kV X-ray 
tube

EPID
MV Imager

MV X-ray 
tube
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kV-MV “matching” on bony anatomy

kV-MV “matching” on fiducial markers
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CB-CT “matching” on soft tissue

MRIdian (ViewRay)

University of Alberta

Unity (Elekta-Philips)

Australian MR-Linac program

MR “matching” on MR-Linac

Dirix P. et al. Semin Radiat Oncol 2014.
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DCE MR

MR-LINACS will allow for true soft tissue matching 

Linac – Cone-beam CT MR-LINAC

✖ Eliminate  X-ray radiation ✔

✖ Don’t use registration markers ✔

✖ Differentiate between soft tissues and tumor ✔

✖ Ability to locate, target and track the tumor directly ✔

Dirix P. et al. Semin Radiat Oncol 2014.

Ultimate combination of IMRT and IGRT: SABR

1. GTV delineated on 
MRI and/or PET.

2. No or limited CTV.

3. PTV margins < 0,5 
cm.

4. Good quality daily
IGRT is essential.

5. Extremely
hypofractionated.

SABR = stereotactic ablative body radiotherapy
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Hypofractionation

Target volume Previous
fractionation

Current
fractionation

SABR
alternative

Brain tumors 30x 2,0 Gy 15x 2,67 Gy SRS

Breast cancer 25x 2,0 Gy 15x 2,67 Gy APBI

Lung cancer 30-33x 2,0 Gy 16-20x 2,75 Gy Lung SBRT

Rectal cancer 25x 1,8 Gy 5x 5,0 Gy -

Prostate cancer 37-40x 2,0 Gy 20x 3,0 Gy 5x 7,0 Gy

Bladder cancer 33x 2,0 Gy 15x 2,75 Gy -

Bone mets 10x 3,0 Gy 1x 8,0 Gy 1x 16,0 Gy

…

Cured in a FLASH?

Durante M. et al. Br J Radiol 2018.
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Conclusions

• Radiation delivery already has potential ≤ 1 mm accuracy.

• From a physics point of view, the greatest improvements can be expected 
from: 

– Imaging, both before and during RT, allowing us to see and therefore hit the target 
more precisely.

– Experiments in ultra-high dose rate (FLASH) radiotherapy.

• From a biology point of view, we should probably invest in: 

– More precise radiosensitization (e.g. TGF-β). 

– Individualized dose prescription.


