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Radiotherapy treatment can be perform as:

• Brachytherapy (direct or close contact with the radiation source)
• External beam radiotherapy (EBRT) (distance beetwen patient and 

radiation source – ’’source-skin distance, SSD’’).



Linear accelerators (LINAC)

• Kilovoltage x-ray beam therapy– energy < 500 kV.

• typically only used for superficial irradiation of skin cancer and 

for intra-operative RT (IORT)

• Megavoltage X-rays service/unit – energy > 1MV

(tipically 4-25 MeV)



Conventional simulator 
(fluoroscopic planning machine)



CT/MRI simulator

• Andres A. E. Int J of Radiation Oncology, Biology, Physics.  , 2020.



PRECISE DELIVERY OF THERAPEUTIC RADIATION DOSE IN 
THE TUMOR TISSUE WITH MINIMAL DAMAGE TO THE 

SURROUNDING, HEALTHY TISSUE

https://www.omicsonline.org/



Lee S. 2014. 
Evolution of Ionizing Radiation Research



Perez A. Brady S. 2018.

• Conformal radiotherapy (CRT) – the 
beginnings of the 1960s.

• The development of imaging 
methods (CT, MRI, PET), 
information technology, modern 
radiotherapy devices - enabling the 
development of CRT

• Local disease control as a function 
of delivered dose

• Sparing of surrounding, healthy 
tissues

• Dose escalation



Target volume

• Gross Tumor Volume (GTV): the visible part of the tumor (or lymph node), based on the performed 
clinical-diagnostic procedures. After a surgical treatment (R0 resection) the GTV is not visible.

• Clinical Target Volume (CTV): zone of microscopic spread of malignant cells around the visible part 
of the tumor (CTVt). CTVn is defined around enlarged regional lymph nodes (GTVn), it includes at 
least the entire anatomical group of lymph nodes to which the involved node belongs.

• Planning Target Volume (PTV): the margin that covers the interfractional/intrafractional variations 
of the CTV position in relation to the geometry of the beam/radiation field, and is caused by: 
variations in precision, physiological movements.



Organs at Risk (OAR) 

• Healthy, surrounding tissues, whose 
sparing/radiosensitivity is taken into account 
when creating a radiation plan and carrying out 
radiotherapy treatment

Additional volume around OAR (PRV - Planning 
Risk Volume)
A 3D model of the "virtual patient", with a 
volumetric representation of the geometry of the 
target volume and the spatial relationships of the 
target volume and the OAR

Icru 52.











• Initial diagnostic work up (pathology and diagnostics)

• Disease staging and disease characterization (e.g. Tumor molecular profile) 

• Multidisciplinary oncology team – treatment decision

• Initial exam, informed decision and patient consent

• Positioning and immobilisation

• CT/MRI simulation

• Radiotherapy planning (radiation oncologist + medical phycisist)

• Radiotherapy treatment (with weekly check-up)

• Follow up



POSITIONING 
AND 

IMMOBILIZATION



Three-dimensional conformal radiation, 3D-CRT

• Became widely used in the 1970s-80s
• CT-guided therapy allows the tumor and normal organs shape and size to be defined in 

three dimensions
• delivery of radiation to a three-dimensional volume using appropriate imaging studies 

and computer software
• Decreases the treatment margins and minimizes the volume of normal tissue receiving a 

clinically significant radiation dose
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INTENSITY MODULATED RADIATION THERAPY -
IMRT

• delivers radiation precisely to the target volume while relatively sparing 
the surrounding normal tissues

• inverse planning and computer-controlled radiation and normal tissue 
avoidance

• ability to create multiple targets and multiple avoidance structures, to treat 
different targets simultaneously to different doses

• minimize acute treatment-related toxicity
• dose escalation  =  improved local tumor control
• accelerated fractionation scheme - simultaneous integrated boost (SIB)
• shortening the overall treatment time







Volumetric Modulated Arc Therapy, VMAT

• highly conformal dose distributions with improved target volume coverage and sparing 

of normal tissues compared with conventional radiotherapy techniques

• reduced treatment delivery time compared with IMRT

• allowed the simultaneous variation of three parameters during treatment delivery: gantry 

rotation speed, treatment aperture shape via movement of MLC leaves and dose rate

• OAR sparing?













OAR constrains

• Kang SW, Chung JB, Kim JS, Kim IA, Eom KY, Song C, Lee JW, Kim JY, Suh TS. Optimal planning strategy among various arc arrangements for prostate stereotactic body radiotherapy 
with volumetric modulated arc therapy technique. Radiol Oncol. 2017 Jan 15;51(1):112-120. 

Bladder V65 < 50%
V70 < 35%
V75 < 25%
V80 < 15%

Sygmoid colon V50 < 50%
V60 < 35%
V65 < 25%
V70 < 20%
V75 < 15%

Rectum V50 < 50%
V60 < 35%
V65 < 25%
V70 < 20%
V75 < 15%

Bowel V45 < 195 cm3

V15 < 120 cm3

Femur V40 < 40%
V45 < 25%
V50< 10%























IMAGE GUIDED RADIOTHERAPY -
IGRT
• IGRT allows assessment of geometric accuracy of the “patient model” 

during treatment. 
• Provides a method where deviations of anatomy from initial plan are 

determined and this information is used for updates.

• Interfractional variations
• Positioning
• Organ mobility
• Anatomic variations during treatment
• Intrafractional motion



RESPIRATORY GATING

• improvement in the irradiation of tumor sites affected by respiratory motion 
such as lung, breast, and liver tumors

• decreased radiation related toxicity to organs at risk

• integration of respiratory movements into treatment planning, 
• forced shallow breathing with abdominal compression, 
• breath-hold techniques, 
• respiratory gating techniques,
• tracking techniques



Hui Z, et al. Int J Radiat Oncol Biol Phys. 2008 Dec 1;72(5):1385-95.



Stereotactic radiotherapy 

•high-precision radiotherapy technique that utilises high doses of radiation in a few or 
single fractions

•Stereotactic radiosurgery (SRS); Stereotactic body radiation therapy (SBRT) or 
stereotactic ablative radiotherapy (SABR)

•Numbers of indications

Izvor: Mayo Clinic. SRS.
Radiosurgery.gr



Stereotactic Body Radiotherapy, SBRT

• The use of ablative doses delivered 
in a small number of fractions, and 
whose biologically equivalent dose 
(BED) is >100 Gy.

• It prevents tumor repopulation, 
causes vascular damage, apoptosis 
of the endothelium, remodeling of 
the microvasculature, induces an 
immune response to the tumor.

Abreu C. E. J. bras. pneumol. 2015.



Proton Therapy

• physical properties of a proton 
beam - modulating the Bragg 
peak of protons

• sparing the surrounding 
normal tissues - ideal when 
organ preservation is a priority

• Availability and cost of 
treatment?

Proton Th ILR.2020.



Izvor: cancernetwork.com



INTRAOPERATIVE RADIOTHERAPY (IORT)

• Precise delivery of a large dose of ionising radiation to the tumour or 
tumour bed during surgery. 

• Direct visualisation of the tumour bed and ability to space out the normal 
tissues from the tumour bed - maximisation of the dose to the tumour/ 
minimising the dose to normal tissues.

• Electrons, low-kV X-rays and HDR brachytherapy
• for dose escalation (retroperitoneal sarcoma), EBRT dose de-escalation 

(paediatric tumours), as sole radiation modality (early breast cancers) and 
as a re-irradiation modality (recurrent rectal and gynaecological cancers)



Brachytherapy

• By precisely positioning the radioactive source in the immediate vicinity of the tumor (up 
to 2 cm), it is possible to apply a high dose of radiation to the target volume.

• Due to the peripheral dose drop, healthy tissue in the immediate vicinity is spared.
• The volume dose is lower than that in EBRT, so the risks for local and systemic 

radiotoxicity are significantly lower.



• Surface (contact) brachytherapy is performed by bringing the source into close proximity, for 
the irradiation of tumors localized on the skin and visible mucous membranes.  

• Intracavitary (intraluminal/endoluminal) - by introducing radioisotopes into natural body 
cavities using a guide/applicator.

• Interstitial brachytherapy where radiation sources are introduced directly into the tumor, 
through guidesinserted into the tumor tissue or by inserting radioactive grains into the 
tumor.

• MA S. Cancer men. And res. 2019.; Prostate Cancer Brachytherapy. UCLA Health


