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Basic Physics of Radiotherapy
 Radiotherapy is a cancer treatment that uses high-energy radiation 

(such as proton beams) to kill or damage cancer cells and stop them
from growing or spreading.

•Photon → passes through the body → dose everywhere
•Proton & Carbon → stop at tumor → Bragg Peak 
•Result → better protection of healthy organs



Relative Biological Effectiveness(RBE)

RBE = measures the biological damage caused by radiation
Typical values:
 Photon: RBE ≈ 1
 Proton: RBE ≈ 1.1
 Carbon ion: RBE ≈ 2 – 5 (Significantly higher)

·  Carbon ions cause more complex DNA damage
·  More effective against radio-resistant tumors

⚠ Important Consideration:
Physical dose alone is not sufficient
Must consider biological dose (Dose × RBE)
Lower physical dose ≠ lower effect 
Must consider biological effect



ABSTRACT

This study evaluates and compares the
dosimetric performance of photon,
proton, and carbon ion radiotherapy
modalities using the open-source
treatment planning system matRad. We
assess single-beam and multiple-beams
configurations for tumor irradiation in
liver, prostate, and head & neck sites,
prioritizing organs-at-risk (OARs) sparing
while achieving adequate target
coverage.



Methodology

• using mtRad
matRad is a free, open-source software package written for 
MATLAB that lets students and researchers design and evaluate
radiation treatment plans with photons, protons, and carbon
ions, including dose calculation and basic plan optimization.

• creating plans for: 
•Photon 
•Proton 
•Carbon ion 
• Same Constraints
• Comparison of: 
•Tumor dose 
•Organs at risk



PHOTON THERAPY PROTON THERAPY CARBON ION THERAPY

"Irradiation of the target with 

multiple photon beams at angles 

of 0°, 72°, 144°, 216°, and 288°, 

using a bixel width of 10 mm."

COMPARISON OF PHOTON, PROTON AND 
CARBON ION THERAPY (TG-119 PHANTOM)

"Irradiation of the target with 

a single proton beam at an 

angle of 0° and a bixel width 

of 5 mm."

"Irradiation of the target with a 

single carbon ion beam at an 

angle of 0° and a bixel width of 

5 mm."



PHOTON THERAPY PROTON THERAPY CARBON ION THERAPY

COMPARISON OF PHOTON, PROTON AND 
CARBON ION THERAPY (TG-119 PHANTOM)



Discussion
TG-119 Phantom
Mean doses for different regions (Gy)

 Proton and carbon ion therapies deliver higher dose to the 
target compared to photons, indicating improved target 
coverage.

 At the same time, they significantly reduce dose to the body, 
which may decrease radiation exposure to healthy tissues.

 This demonstrates the advantage of particle therapy in 
achieving better dose localization.

Region/Radiation Multiple Photon  
beams

Proton (0) Carbon Ion (0)

Core 0,6206 0,2258 0,3023

Outer target 1,2262 1,6648 1,6659

Body 0,1182 0,0652 0,0570



PHOTON THERAPY PROTON THERAPY CARBON ION THERAPY

"Irradiation of the tumor with 

a single photon beam at an 

angle of 315° and a bixel

width of 5 mm."

COMPARISON OF PHOTON, PROTON AND 
CARBON ION THERAPY FOR LIVER

"Irradiation of the tumor with 

a single proton beam at an 

angle of 240° and a bixel

width of 5 mm."

"Irradiation of the tumor with a 

single carbon ion beam at an 

angle of 240° and a bixel width 

of 5 mm."



PHOTON THERAPY PROTON THERAPY CARBON ION THERAPY

COMPARISON OF PHOTON, PROTON AND 
CARBON ION THERAPY FOR LIVER



Discussion
ORGAN: LIVER
Mean doses for different regions (Gy)

 Photon, proton, and carbon ion beams all spare the kidneys
completely, indicating effective beam angle selection to avoid these
sensitive structures.

 Proton and carbon ion beams (both at 240°) outperform photon (at 
315°) in minimizing stomach and heart doses, while delivering
comparable tumor doses (TGV around 1.5 Gy). 

 This highlights particle therapy's Bragg peak advantage for precise
tumor targeting.

Region/Radiation Photon (315) Proton (240) Carbon Ion (240)

Kidney R 0 0 0

Kidney L 0 0 0

Stomach 0,0014 0 0,0025

Heart 0,1855 0,0214 0,0677

GTV 1,4683 1,5077 1,4994



PHOTON THERAPY PROTON THERAPY CARBON ION THERAPY

"Irradiation of the tumor with 

multiple photon beams at 

angles of 70°, 110°, 250°, and 

290°, using a bixel width of 10 

mm."

COMPARISON OF PHOTON, PROTON AND 
CARBON ION THERAPY FOR PROSTATE

"Irradiation of the tumor with 

multiple proton beams at 

angles of 70°, 110°, 250°, and 

290°, using a bixel width of 

10 mm."

"Irradiation of the tumor with 

multiple carbon ion beams at 

angles of 70°, 110°, 250°, and 

290°, using a bixel width of 10 

mm."



PHOTON THERAPY PROTON THERAPY CARBON ION THERAPY

COMPARISON OF PHOTON, PROTON AND 
CARBON ION THERAPY FOR PROSTATE



Discussion

ORGAN: PROSTATE
Mean doses for different regions (Gy)

 Protons offer the best balance for prostate radiation therapy in this   
simulation, with the lowest doses to rectum and bladder while 
providing solid PTV coverage. 

 Photons expose organs at risk more due to their scatter, while carbon 
ions over-irradiate the PTV despite good body sparing. This reflects 
particle therapy's precision via the Bragg peak.

Region/ Radiation Multiple Photon 
Beams

Multiple Proton 
beams

Multiple Carbon Ion 
Beams

Rectum 0,7498 0,4045 0, 4331

Bladder 0,6759 0, 3620 0,4333

PTV 0,9702 0,7401 1,2350

Body 0,2080 0,0819 0,0820



PHOTON THERAPY PROTON THERAPY CARBON ION THERAPY

"Irradiation of the tumor with 

a single photon beam at a 

gantry angle of 80° and a 

bixel width of 10 mm, with a 

couch angle of 10°."

COMPARISON OF PHOTON, PROTON AND 
CARBON ION THERAPY FOR HEAD & NECK

"Irradiation of the tumor is 

performed using multiple proton 

beams at gantry angles of 60°, 

150°, and 300°, with a bixel

width of 10 mm and a couch 

angle of 0°."

"Irradiation of the tumor with a 

single carbon ion beam at a 

gantry angle of 80° and a bixel

width of 10 mm, with a couch 

angle of 10°."



PHOTON THERAPY PROTON THERAPY CARBON ION THERAPY

COMPARISON OF PHOTON, PROTON AND 
CARBON ION THERAPY FOR HEAD & NECK



Discussion
ORGAN: HEAD & NECK
Mean doses for different regions (Gy)

Region/ Radiation Photon Beam (80) Multiple Proton 
beams

Carbon Ion Beam (80)

Brain stem 0,3776 0,0813 0,0086

Lens LT 0 0 0

Lens RT 0,0122 0 0

Optic NRV 0,2223 0 0,0030

Parotid LT 0,9987 0,3701 0,4269

Parotid RT 0,7354 0,3866 0,2219

Larynx 1,2289 0,4510 0,6435

GTV 1,2022 1,0151 0,8593

PTV 63 1,0134 0,8608 0,7126

PTV 70 1,1705 0,9621 0,8246



 Photon therapy achieves acceptable target coverage 
but at the expense of significantly higher dose to 
organs at risk.
Proton therapy provides an optimal balance between 
target coverage and normal tissue sparing.

 Carbon ion therapy demonstrates superior sparing of 
critical structures such as the brainstem and optic 
nerve, due to its sharp dose fall-off.
However, its lower physical dose in the target must be 
interpreted with caution due to its increased relative 
biological effectiveness (RBE).



CONCLUSION

This study compared photon, proton, and carbon ion 
radiation therapy for three clinical cases: liver, 
prostate, and head & neck tumors.
For the liver case, particle therapy demonstrated better 

sparing of surrounding organs—such as the stomach and 
heart—while maintaining effective tumor dose delivery.

For the prostate case, proton therapy achieved the best 
balance between adequate PTV coverage and reduced 
dose to critical organs like the rectum and bladder.

For the head & neck case, carbon ion therapy showed 
superior sparing of critical structures—such as the 
brainstem and optic nerve—due to its sharp dose fall-off. 
However, its physical dose must be interpreted carefully 
because of its higher relative biological effectiveness 
(RBE).




