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Therealityof medical use of radiation therapy isvery 
different



The propagation of energy from
a radiative source to another 
medium is termed radiation.





• It propagates in a straight line.
• It travels at the speed of light (nearly 300,000 km/s).
•It transfers energy to the medium through which it passes, and the 
amount of energy transferred correlates positively with the frequency and 
negatively with the wavelength of the radiation.
•The energy of the radiation decreases as it passes through a material, 
due to absorption and scattering, and this decrease in energy is 
negatively correlated with the square of the distance traveled through the 
material.



• Ionizing radiation (Electrons are knocked out of their atomic and 
molecular orbits when high-energy radiation interacts with 
matter)

• Nonionizing radiation



• Radio waves
•Microwaves
• Infrared light
•Visible light
• Ultraviolet light



Radiotherapy

• The treatment of disease with ionizing radiation. 

• Included in oncology multidisciplinary treatment approach – radiation oncology

• Treatment of malignant diseases and certain benign conditions (vascular disorders, 
degenerative diseases...)

• Local/Locoregional treatment method

• Abscopal effect

• More than 50% of all oncology patient undergo radiotherapy during treatment.





Photons
• Gamma Rays

Emitted from a nucleus of a radioactive atom 
Cobalt treatment machine
Radioisotopes used in brachytherapy

• X-rays
Generated by a linear accelerator when 
accelerated electrons hit a target

Particle Beams
• Protons
• Neutrons
• Electrons



The radiation effects - through a series of physical and chemical 
reactions:

In the physical stage - ionization and excitation of atoms of living 
matter molecules.

Chemical stage - by direct and indirect action of ionizing radiation 

Biological stage – inactivation of any subcellular structures



• Compton effect
• Photoelectric effect
• Pair production



Direct action (target theory): the target can be a cell, or 
any of its structures (DNA , RNA , enzyme).

 In interaction with radiation, structures can be reversibly or 
irreversibly damaged.

 Indirect action (free radical theory): effect on 
extracellular and intracellular fluid, formation of free 
radicals (dominant mechanism of action on biological 
systems)



X-rays interact with water

radiolysis

freeradicals

bind toand damage DNA 

cell death

(bymitotic catastrophe)



• DNA damaged and to what extent?

• Repair mechanisms/cell death

• Damage can be lethal (irreversible damage), sub-lethal, 
when recovery of the damaged cell is possible (reversible 
damage) and potentially lethal damage.





5R - factors influencing the response of tumor and normal tissue to ionizing radiation

• Repair - after each RT, interaction of radiation with cellular structures and repair of damage occurs within a few hours. Cells of 
different tissue – different dynamics of the repair process, depending on the proliferative potential.

• Repopulation - approximately the same percentage of vital tumor cells and healthy tissue is eliminated during radiation with 
each fraction. The loss of cells stimulates the surviving cells to divide more intensively. The final effect of repopulation is a 
tumor mass increase before each new fraction, but also the recovery of damaged healthy cells.

• Redistribution - tumor cells and healthy tissue show the highest radioresistance in the S and G1 phase of the cell cycle, while 
they are most sensitive in the M (mitosis) and late G2 phase, where there is a difference in radiosensitivity between tumor cells 
and healthy tissue.

• Irradiation of cells that are in different phases of the cell cycle results in the devitalization of those in the radiosensitive phase -
immediately after irradiation cycle, the largest number of surviving cells are in the radioresistant phase.

• Reoxygenation - increased oxygen concentration increases, and decreased concentration decreases the radiosensitivity of cells.  
With their growth, solid tumors often exceed the capacity of the existing vascularization, so zones of hypoxia and necrosis 
appear in the tumor tissue.

• By applying fractionated radiation regimens during the interfraction interval, reoxygenation of previously hypoxic cells is 
achieved, thereby increasing their radiosensitivity.



Radiosensitivity

• Malignant tumor cells are dedifferentiated and have increased mitotic activity, which makes them more 
radiosensitive compared to the cells of healthy tissues from which they arise (Bergonié-Tribondeau law). 

• The greater the difference in radiosensitivity between the cells of normal tissues and the tumor, the greater the 
possibility of treating the tumor with radiotherapy.

• Radiosensitive tumors: lymphomas, leukosis, germinal tumors (seminoma, disgerminoma), nephroblastoma, 
Wilms' tumor, Ewing's sarcoma;

• Moderately radiosensitive tumors: tumors of the head and neck region (cancers of the skin, lips, paranasal 
cavities, epipharynx, oropharynx, hypopharynx, larynx), GI tumors (cancer of the esophagus, anus, rectum), 
gynecological tumors (cancer of the cervix, endometrium, vulva , vagina), urological tumors (prostate cancer, 
bladder cancer, non-seminoma testicular tumors), lung, breast, thyroid gland and brain tumors

• Radioresistant tumors: bone and soft tissue tumors (osteosarcoma, chondrosarcoma, fibrosarcoma, 
synoviosarcoma, liposarcoma, angiosarcoma, etc.), kidney adenocarcinoma, GI adenocarcinomas (stomach, 
pancreas, liver, bile ducts) and melanoma.



Radiosensitisers

Gong L. Int J of Nanomedicine. 2021. 



Radioprotectors
Radiation mitigators

• Coleman S. N. ALERT. 2014.



DOSE FRACTIONATION IN RADIATION 
ONCOLOGY

• The total dose of radiation applied in one fraction or divided with a time gap in between 
does not give the same radiobiological effect.

• If the total dose is applied in one fraction or a smaller number of fractions, the radiation 
effect on the biological system is greater than if the same dose is applied in a larger 
number of fractions – TDF (Time Dose Fracction) or EQD2 (biologically equivalent doses).

• The longer the irradiation time, the higher the total dose required to achieve a 
radiobiological effect.



Fractionation regimes

• Standard (conventional) fractionated radiation – previously the most frequently applied radiation 
regimen in daily clinical practice. Therapeutic dose 1.8 to 2 Gy per day.

• Hyperfractionated radiation - radiation fractions are applied, with a minimum time interval of 4 to 
6 hours in one day. The aim is to improve local control, expected higher acute adverse events.

• Hypofractionated radiation - application of the total tumor dose in a smaller number of fractions, 
whereby a dose of 3 to 6 Gy, or greater per fraction is applied.

• Single radiation fraction - applying therapeutic dose in one fraction (SRS, IORT, palliative single 
shoot).

• Continuous radiation - in brachytherapy, with Low Dose Rate (LDR).



Radiotherapy treatment aim can be:

• Radical - in order to achieve a complete and permanent remission of the disease (the 
application of a radical dose of radiation is often limited by the radiotolerance of healthy 
tissue)

• Prophylactic (elective) - by irradiating a region that is not clinically affected, but the subclinical 
presence of malignant cells is possible

• Palliative - in order to control symptoms and improve the quality of life (pain reduction, 
prevention of bleeding, compression symptoms)

• Preoperative  - goal: downstaging, downsizing. Precedes surgical treatment, intent - reduction 
of biological potential.

• Postoperative (adjuvant) - eradication of possibly remaining malignant cells in order to reduce 
the local relapse rate (LRR). Clearly defined indications by localization.

• Intraoperative radiotherapy (IORT) - direct irradiation of the tumor bed during the surgical 
procedure.

• Chemoradiotherapy (CRT) - to improve treatment results, can be a concomitant therapeutic 
regimen - simultaneous application or in a sequential therapeutic regimen - applying 
chemotherapy after completed radiotherapy, or vice versa. Synergism of two methods. More 
frequent treatment complications.



PART II



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









TD 64 Gy



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?























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


