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Radiotherapy in the management of cancer
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• Every second cancer is treated with radiotherapy.
• Radiotherapy: locoregional treatment of cancer
• Using ionising radiation to destroy cancer cells and blocking their
ability in dividing.

• The aim : achieve a differential effect where all tumour cells are
killed whilst the peripheral healthy tissues are preserved.

• The key parameter in radiotherapy: the dose dE/dm in Gy (J/kg)
• The key step is called treatment planning
• The dosimetry plays a key role and leads to complex modeling and
experimental methods.
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Radiotherapy

•Using ionizing radiation for treating cancer
• Radiotherapy / Brachitherapy / Metabolic Radiotherapy
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Concept of Dose (3 step process for photons)
• Attenuation
µ/ ⍴ = n σ / ⍴ en cm2/g

• Transfert
µtr / ⍴ = (Etr / E) x (µ / ⍴) 

• Absoption (Dose)
µen / ⍴ = (Eab / E) x (µ / ⍴)
Scol / ⍴ =dEcol/ (⍴ dx)
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Prerequisite

• Biological consequences
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Prerequisite

• Physics of radiation, detectors and statistics
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Prerequisite

• Physics of ionising radiation: modeling, simulation : 
Theoretical dosimetry–Monte Carlo Methods
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Prerequisites

• Experimental medical Physics
• Radiotherapy dosimetry, radiobiology.
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Survival curves

2

)( DDeDS ba --=
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• 10 for tumours
• 3 for healthy tissues
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RBE
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RBE
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RBE
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RBE

• Reference Beam (250 
kVp, 60Co) 
•Other beam or 

conditions ?
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Introduction: Fractionation
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Introduction: Therapeutic Ratio



Dose volume effect in radiotherapy
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• Optimizing the balistic allows to increase the
differential effect up to a certain point.

• The dose is conformed to the target volume
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Treatment types: Photons

50-250 kVp 60Co (1.25 MeV)

Fig.6
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Treatment types: photons
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Treatment types : intensity modulated radiotherapy 
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Conformation

1950’s 2000’s
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Stereotactic Radiotherapy / Radiosurgery
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Electrons beams

5 MeV - 35 MeV
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Brachytherapy
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Treatment types: protons /ions

Balistique distale (pic de Bragg)
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Treatment types: neutrons
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Treatment planning 

• IAEA TRS 430
• Irradiation technique.
• Biology and localisation.
• Patient data
• Adverse effects
• Availibility, expertise and costs

• Treatment planing
• Treatment delivery and report
• Quality assurance
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Treatment planning

• IAEA TRS 430 



March 9th, 2021 ESIPAP 28



March 9th, 2021 ESIPAP 29

Anatomical data

Dimensions 
Dosimetry data
Protocoles (KV, mAs, dim.)
DICOM Format 
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Multimodal imaging

Deformations- Artefacts
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Multimodal imaging : PET

Image Registration?

• Rigid
• Non Rigid
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Multimodal imaging : registration
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4D-CT 
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CT scanner calibration
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Treatment Planing

• IAEA TRS 430 
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Contouring (volume definition)

• Growth Tumor Volume (GTV)
• Clinical Target Volume (CTV)
• Planing target volume (PTV)

• Internal target Volume (ITV)
• Set-Up Margins



Clinical Practice
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ESTRO 35  2016                                                                                                                                                  S407 
________________________________________________________________________________ 
(PTV) was created adding a margin of 5 mm to the ITV .The 
dose distribution was optimized on the average CT 
prescribing a dose of 20 Gy per fraction delivering a total 
dose of 60 Gy to the PTV. The plans were calculated in a 
Phillips Pinnacle 9.10 planning system using conformal 3DRT 
and heterogeneity correction. The parameters obtained in 
the average CT optimized plan, were copied to the different 
image sets with identical monitor units to analyze the 
differences. 
 
Results: The average GTV volume was 1.6 ± 1.1 cc. The ITV 
size is twice the lesion size in most of the cases except in 
those with higher breathing amplitude. The ITVs outlined in 
the average CT were smaller than those outlined in the 4DCT 
ranging from 0.1 cc, where there hardly was lesion 
movement, to 0.6 cc. The differences between the volumes 
were usually found in the cranio-caudal direction due to the 
higher movement of the lesion in this direction. The ITVs 
outlined in the MIP CT were equivalent to the 4DCT except in 
the cases where there was a higher density organ in the 
vicinity of the tumor. Respect to dose distribution, the dose 
of the organs at risk shows no significant differences in the 
different image sets. The V100 of the ITV presents significant 
variations up to 15% due to the variation in electron densities 
depending on the CT mode chosen. The V100 of the GTV 
calculated in each phase is greater than 97%. 
 

 
 
Conclusion: We recommend using the ten phases of the 4DCT 
study for proper delineation of ITV. If the institution does not 
have the technology the CT average (low pitch CT) could be 
used selecting the appropriate window level and increasing 
margins. There is no significant difference in dose to organs 
at risk between the images modalities studied. Optimized 
planning in the average CT provides adequate coverage of 
GTV at different breathing phases. 
 
PO-0854  
Evaluation of a dedicated brain metastases treatment 
planning optimization for radiosurgery 
T. Gevaert

1Universitair Ziekenhuis Brussel, Radiotherapy, Brussels, 
Belgium 

1, F. Steenbeke1, L. Pellegri2, B. Engels1, N. 
Christian2, M.T. Hoornaert2, C. Mitine2, D. Verellen1, M. De 
Ridder1 

2Centre Hospitalier Jolimont, Radiotherapy, Jolimont, 
Belgium 
 
Purpose or Objective: Stereotactic radiosurgery alone has 
become a popular treatment option in the management of 
patients with brain metastases. Multi- or single-isocenter 
dynamic conformal arcs (DCA) and volumetric modulated arc 
therapy (VMAT) are two common used delivery techniques. 
Recently, a dedicated inverse optimized brain metastases 
treatment planning solution using single isocenter multiple 
DCA (SIDCA) has been developed, with intend to carefully 
balance normal tissue protection, target coverage and 
treatment speed. The purpose of the current study was to 
investigate the feasibility of this novel software and to 
benchmark it against well-established multi-isocenter DCA 
and single isocenter VMAT approaches. 
 
Material and Methods: Ten previously treated patients were 
selected representing a variable number of lesions (1-8), 
range of target sizes and shapes most frequently observed in 
the practice of SRS for brain metastases. The original multi-
isocenter DCA (MIDCA) were replanned with both single-
isocenter VMAT approach and the novel brain metastases tool 

(Elements, Brainlab AG, Germany). The treatment dose was 
20 Gy at the 80% prescription isodose. For all the plans, the 
dose to the surrounding healthy brain tissue (brainstem, 
cochlea, optical nerve, eyes and lens) was optimized to 
minimize normal tissue complications. The plans were 
evaluated by calculation of Paddick conformity and gradient 
index, and the volume receiving 10 and 12 Gy indicating risk 
of radionecrosis. 
 
Results: All plans were judged clinically acceptable, but 
differences were observed in the dosimetric parameters. The 
mean conformity of the automated single-isocenter planning 
tool (SIDCA) compared similarly to the established MIDCA and 
VMAT treatment techniques (CISIDCA=0.65 ± 0.08, 
CIMIDCA=0.66 ±0.07 and CIVMAT=0.67 ±0.16). Comparable 
mean dose fall off was observed between SIDCA and MIDCA 
(GISIDCA =3.9 ± 1.4 and GIMIDCA=4.5 ± 1.6). On the other 
hand, the GI of the VMAT plans (GIVMAT=7.1 ± 3.1) were 
significantly higher compared to the SIDCA. The V10 and V12 
were significantly higher for VMAT plans (V10VMAT=67.9 
±55.9cc, V12VMAT=46.3 ±35.9cc) (p<0.05) compared to 
MIDCA (V10MIDCA=49.0 ±38.1cc, V12MIDCA=35.6 ±26.4cc) and 
SIDCA (V10=48.5 ± 35.9cc, V12=36.3 ± 27.1cc). 
 
Conclusion: The automated brain metastases treatment 
planning element, based on an inversely-optimized SIDCA 
approach, revealed comparable results to the general 
accepted MIDCA approach. By reducing the time on planning, 
patient and treatment setup, this software tool improves the 
planning and delivery efficiency while preserving the plan 
quality of the MIDCA technique and lowering low dose spread 
of the VMAT approach, suggesting that this novel software 
offers the best of both worlds (i.e. efficient single-isocenter 
DCA delivery). 
 
PO-0855  
Flattening Filter Free VMAT for extreme hypofractionation 
of prostate cancer 
M. Ahlström1, H. Benedek
1Lund University, Department of Medical Radiation Physics- 
Clinical Sciences, Lund, Sweden 

2, P. Nilsson2, T. Knöös2, C. Ceberg1 

2Skåne University Hospital and Lund University, Department 
of Oncology and Radiation Physics, Lund, Sweden 
 
Purpose or Objective: To examine the feasibility of 
flattening filter free (FFF) volumetric modulated arc therapy 
(VMAT) for extreme hypofractionation of prostate cancer and 
investigate the potential decrease in treatment time per 
fraction while preserving or improving the treatment quality. 
To investigate the impact of intrafractional prostatic 
displacement. 
 
Material and Methods: Single arc treatment plans with 
photon beam qualities 10 MV with flattening filter (FF), 6 MV 
FFF and 10 MV FFF were created for nine patients treated 
with conventional fractionation (78 Gy, 2 Gy/fraction) and 
hypofractionation (42.7 Gy, 6.1 Gy/fraction), respectively. 
Dose-volume histograms (DVH) for all beam qualities were 
statistically evaluated using a paired sample Student’s t-test. 
Treatment delivery was evaluated through measurements on 
a Varian TrueBeam™ using a Delta4 PT system (ScandiDos AB). 
The beam-on time for each plan was recorded. A motion 
study, including one FF and one FFF hypofractionated 
treatment plan, was also performed using the HexaMotion 
(ScandiDos AB) and with trajectory data from six authentic 
prostate movement patterns. 
 
Results: All treatment plans were approved by a senior 
radiation oncologist. Evaluating the DVHs, no significant 
differences between beam qualities or between fractionation 
schedules were observed. All objectives were met for all 
plans. At the treatment delivery all plans passed the gamma 
criterion 3%, 2 mm with a pass rate of 98.8% or higher. The 
beam-on time for all conventional treatment plans was 1.0 
minute. The mean beam-on time was 2.3 minutes for the 
hypofractionated 10 MV FF plan, 1.3 minutes for the 6 MV FFF 
and 1.0 minute for the 10 MV FFF. In the motion study, no or 
little effect was observed on the pass rate for displacements 



Volumes

• Organ at risks (OAR): tolerance doses
• treatment plan depends on the dose to OARs
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Treatment Planning

• IAEA TRS 430 
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Direct Planning – Invert Planning



Isocenter
Center of target volume
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Beam positioning
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Beam posiBoning



Beam positioning
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Image guidance

Specific imaging
n Beam ’s eye view
n Room ’s eye view
n DRR: Digitally Reconstructed

Radiographs
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Simulated imaging
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Treatment Planing

• IAEA TRS 430 
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Dose calculation: prerequisite

• Describing properly the interactions of radiation with matter; 
especially for beam generation.

• True 3D calculation
• Dose calculation with hetereogeneities
• Fast calculation 
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Dose constraints: AAPM TG53

• On the beam Axis (5 mm spatial resolution) 
• < 0.5 % for dmax < d < 20cm
• < 1 % for d > 20 cm
• < 5% for d < dmax

• Outside the beam axis
• < 2%, low dose gradient areas, d < 30 cm
• < 5%, low dose gradient areas, d > 30cm
• Distance to agreement of 2 mm in high dose gradient area
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Dose constraints 

• Isodose 95 % covers the whole PTV.
• Avoid hot spots (uniform dose on the PTV), -5% à + 7% , (110% max)
• More than 99% of the prescribed dose should be given to more than

93% of the PTV
• Dose Volume Histograms
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Dose volume histograms
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Photons dose calculation algorithm: AAPM TG85 categories



Dose calculation
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Dose Calculation
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Treatment Planing

• IAEA TRS 430 
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Constraints
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MLC Sequencing
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Dose verification
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Dose verification
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Dose verification and positioning
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In vivo Dosimetry



Innovation in clinical medical imaging for treatment 
planning and delivery in precision oncology:  MRI-Linac
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Purpose:



Innovation in clinical medical imaging for treatment 
planning and delivery in precision oncology:  MRI-Linac
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MRI Planning:
First patients treated with a 1.5 T MRI-Linac: clinical proof of concept of a 
high-precision, high- field MRI guided radiotherapy treatment
To cite this article: B W Raaymakers et al 2017 Phys. Med. Biol. 62 L41



Innovation in clinical medical imaging for treatment 
planning and delivery in precision oncology:  MRI-Linac
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Physical Challenges:
Electrons beams in magnetic fields
Measurement tools
Dose calculation



Innovation in Radiotherapy:  Flash radiotherapy
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https://physicsworld.com/a/clinical-linear-
accelerator-delivers-flash-radiotherapy/



Innovation in Radiotherapy:  microbeam radiotherapy
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Innovation in Radiotherapy:  combined radiotherapy
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Conclusion
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Innovation in radiation therapy

Strong needs from diagnostic Imaging for treatment accuracy

Innovation in radiotherapy : Flash Radiotherapy ; micro and minibeams ; 
combined therapies

Opens new possibilities for personnalised disease management.

Innovations in instrumentation (source and detectors)

Articficial intelligence can help but needs to be carefully checked as bias can be
easily introduced

Beam Monitoring for Flash RT (Y Arnoud)
Challenges in in vivo dosimetry and mdern RT QA (P Pittet)
Combined RT (E Porcel)



Thanks a lot for your attention
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