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Maiko ucropus

e 1895 r. PronTreH orkpuBa PeHTrenoBute 1p4u (X-rays)

e 1896 r. bekepen OTKpuBa €CTECTBEHATA PAJMOAKTUBHOCT

e 1896 r. I'py0e (Grubbe) Tperupa pak Ha rppaaTa ¢ PEHTTeHOBUT
THYU

e 1898 r. Kropu oTkpuBa pagus

e 1899 r. [IbpBH MalIMEHT M3JIEKYBaH, Ype3 00TBYBAHE C
PeHTreoHOBM JIbUH

1900 r. CteHO€eK — mbpBO (hpaKIIMOHUPAHE HA J103aTa
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HNoHu3upallo rp4eHue:
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Eounuyu ¢ cybamomnama usuka

Eneprus

1 electron-Volt (eV):

EHeprusita Ha yacTula cbC 3apsa = |e|,
Hamwupalia ce mbpBOHAYaIHO B TOKOU U
YCKOpeHa B €JIEKTPOCTAaTHYECH NoTeHIan 1 V

(e=1.60x 10" C)

. | 1eV=160x10"]
POU3BO/JIHU:

1 keV=10°eV ; 1 MeV =10°eV
1 GeV =10°¢€V; 1 TeV=10"*eV

Eneprusra Ha npoton B LHC:
7TTeV=1.12x10"°J]



Eneprum

Wavelength 1|.1m 100nm 10nm 1nm 100pm 10pm lpm 100fm

VISIEE hght
ultraviolet light hard X—rays

I 1 lIlIIlll. 1 lJlIIIII 1 IIIlJII lIIlIJJI 1 lJIIIIII 1 Illlllll 1 IIIlIJJ|

Photon energy 1 eV 10ev 100eVv 1 keV 10 keV 100keV 1MeV 10 MeV

X-ray crystallography Mammography Medlcal CT Airport security




UsTOYHNLUM Ha pasMoaKTUBHO NbYeHue

JEcTecTBEHN N3TOYHULM QVI3KYCTBEHM M3TOYHULM
4 o-yactnum 3 YckopeHu e-
v'Kbc npober (1-2 ¢cM BbB Bb3yX) v TpoHukBeat go 10 c™m
v'OnacHu Npu UHXanmpaHe v TpeTnpaHe Ha NOBbPXHOCTHY
obpa3oBaHUS

d B-yactuum (e, ev)

(JPeHTreHoBO nbyeHme
v’ ManbKk npober (HAKOKO CM

v'PEeHTreHoBU Tpbo M

naeKkcmraac) L
v'B )UBa MaTepusi - MPOHUKBAT 40 eﬂ”eHKeT”';':W\I’CKOPMTe”” Ha
HAKOJIKO CM P

AMpoTOHU U MOHM

DY_ JIBHEHNE v YcKopUTENN - LUKAOTPOHU U
v'PeHTtreHoBo (KeB), rama (MeB) CUHXPOTPOHM

v'Tonsma NMPOHMNKBALLLA CNOCOBHOCT \/A,EI,pOHHa Tepanus
v’ 3awwmTta - BewecTtBo ¢ ronsamo Z (Pb)



NoHu3upallo 1b4eHue:
MPOHMKBaHE

TYPES OF RADIATION AND PENETRATION
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BzanmMoaencreme C BeLlecrBoTo

JdMoHnzaumsa (dE/dx)
>EUHLL> EGOH
> 3aBUCU CUJTHO OT
» CkopocT (eHeprus)
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HoHnusupaiwia pagmaumua - 3all0 e BaxHa?

THE STRUCTURE OF ONA

> Mpenmn3BnKBa ABOMHO
npeKkbcBaHe Ha [1HK

L
,. . | ome helical turn
=34mm

> Mponseexaa cBo6oaHM
pagukanun - yepexaat AHK

Siigar-phosphate
backbone

Base

Hydrogen bonds




Excnoznuma

> MsipKa 3a KOIMYECTBO paauaums nagalla Bbpxy obabyBaHaTa
NOBBPXHOCT

> I3MepBa ce B CyX Bb3yX, eeKTPUYECKM 3apsa OTAeNEH B
pe3y/TaT Ha MOHU3auUns

»Mpunara ce caMo 3a raMa U PeHTreHOBO JibYEHME EY < 3 MeV

»He cBbp3Ba paamnaumata ¢ HelHns edeKT B YOBELLKOTO TH0

> W3mepBa ce B C/kg (SI) u PentreH (R)
»1 R =0.000258 C/kg
»>1C/kg =3876R



MorvnHara Qo3a

* OTaeneHa eHeprusa B cpepata npes , KoAaTo npeMmHaBa
JTbYEHUETO

* ledbmnHUpPaHa 3a BCMYKU BUAOBeE byeHue (anda, 6eta, rama, e,
D, N, ...)
* I3amepBa ce B J/kg = Gy (Grey) (SI)
* I3BbH CMCTEMHAa eAnHMLA - rad
* 1rad =0.01 Gy =0.01 J/kg
* 1 rad = 100 ergs/ gram

* He ce oTynTa BIMAHUETO BBLPXY XXMUBATA MaTepus



MorvnHara Qo3a

* OTaeneHa eHeprusa B cpepaTa npes , KoATo NpeMUHaBa
JTbYEHUETO

* ledbmnHUpPaHa 3a BCUYKU BUAOBE JibueHue (anda, 6eTa, rama, e,
D, N, ...)
* I3amepBa ce B J/kg = Gy (Grey) (SI)
* I3BbH CMCTEMHA eAnHMLA - rad
* 1rad =0.01 Gy =0.01 J/kg
* 1 rad = 100 ergs/ gram

* He ce oT4ynTa BIMAHUETO BBLPXY XXMUBATA MaTepus






ExBuBaJIeHTHa no3a

* CBbp3Ba Ao3aTta 3a AajeH TUM AbYyeHue ¢ Heroems 6mosaormyenH
epeKT

* BbBexaa ce KayecTtBeH gpaKTop Q, € KOUTO ce YMHOXaBa Ao3aTta

Radiation: (Juality Factor ({))
Beta Garmtna and X-rays 1

Thertnal Neutrons ]

Fast 11, a, and protons 10

Heawy and recotl nucle 20



ExBuBaneHTHa po3a

EKBMBa/IeHTHaTa [103a CE U34YMC/IABA KaTo

R - Tvn pagnaums, D, - norbaHata gosa (Gy), W, - Termno

nedUHMpPaHO OT CbOTBETHUTE peryiatopu

H - ce usmepsa B Sv (Sievert) nam rem (Roentgen Equivalent Man)

I 5w =100 rem
] mSw =100 mE (mretmn)
1 Gy =100 rad

ltn Gy = 100 tmrad

l retn= 01 v
1 mE =01 v
| rad = .01 Gy

I mrad = .01 mGy



RBE

> Relative Biological Effectives

» OTHOLLEHMETO Ha BUoNOrMYHaTa ePpeKTUBHOCT Ha eAMH TUI
paguaumsa KbM apyr TMN Npu egHa u cblila abcopbupaHa eHeprus

RBE = D, / D,
» D, - pedepeHTHa g03a OoT cTaHgapTeH TMn X

» D, - #o3a OT pagmaums Tvn R, KOATO Npean3BUKBaA ChLLOTO
OUOIOrMYHO yBpeEXaaHe
»PasnukaTta ce Ab/KM Ha pasamyeH LET (Linear transferred

energy), T.e. Ha pPa3/IM4yHa MJIBTHOCT Ha MOHM3ALUMA Ha €ANHULLA
pPa3CTOsIHME



survival fraction

10

10

10

RBE

RBE definition

...............

..............

.......

.......................

........

......

...............

...............
P

...............

..............

...............

..............

........................

..............

..............

dose [Gy]

Photons

C-ions



EdekT pbpxy opranuzma

Very High White blood cells (bone marrow)
Intestinal epithelium
Reproductive cells

High Optic lens epithelium
Esophageal epithelium
Mucous membranes

Medium Brain — Glial cells
Lung, kidney, liver, thyroid, pancreatic
epithelium

Low Mature red blood cells

Muscle cells
Mature bone and cartilage




EcdhexTnBHa Ao3a

> The effective dose 1s defined as the equivalent dose multiplied by the
tissue weight factor which 1s based on the organ’s sensitivity and
summing for whole body.

> The most sensitive organs are the eye lenses, ovaries and testicles

Tissue weighting factors
Organs ICRP30(I36) ICEP60O(I3) ICRP103({16)
1979 1990 2007
Gonads 0.25 0.20 0.08
Red Bone Marrow | 0.12 0.12 0.12
: Colon - 0.12 0.12
E = Z HT X W Lung 0.12 0.12 0.12
Stomach - 0.12 0.12
Breasts 0.15 0.0 0.12
E — ECI)GKTI/IBHEI 1034 Bladder : 0.05 0.04
Liver - 0.03 0.04
H, — EKBUBaJIeHTHA H03a  [Ocsophazu: - 003 004
Thvroid 0.03 0.03 0.04
WT — TbKAHCH TCIJIOBCH Skin : 0.01 0.01
Bone surface 0.03 0.01 0.01
(baKTOp TCI'JIOBCH Salivary glands : : 0.01
Brain - - 0.01
Femainder of bodv | 0.30 0.03 0.12



Jl03a, EKBUBAJICHTHA /1033, €()eKTUBHA 1034

lonising radiation - Protection Dose quantities in Sl units Effective dose
E
Whole body dose to all i
tissue  =E
. - e el B
Quantity || Absorbed dose Equivalentdose
Organ dose to tissue T, | i
Dy Hy :
Organ dose to tissue T, | i =F
Onjy s, !
'r':’fbaaf Organ dose to tissue T, | i
. P
St unit or (Gy) 4 " : rt (Sv) ) 5 rt (Sv)
i ra Radiation weighting sleye v Tissue weighting sleye AV
modifier S Factor - W, factor - Wy
Derivation joule/kg Dimensionless factor joule/kg Dimensionless factor joule/kg
Biological effect on tissue type T havin
. Energy absorbed by Biological effectof Weigftingfactorw i o
Meamng irradiated sample of radiation type Rwith Bastial irradiation il
mai‘te_r e el Effective dose =summation of organ doses
guantity. o . to those partsirradiated
o !p er? |;a |E:|nt:'pes h Complete (uniform) irradiation
reg_u::e catiu i Oriaé ! If whole body irradiated uniformiy, the
sl B weightings Wrsummate to 1. Therefare,
Effective dose = Whole body Equivalent
dose




UsTOYHNLUM Ha pasMoaKTUBHO NbYeHue

JEctecTBeHM U3TOUHUL QMI3KYCTBEHU M3TOUHMLM
4 o-yactnum 3 YckopeHu e-
v'Kbc npober (1-2 cM BbB Bb3yX) v'TpoHuKBaT go 10 cm
v OnacHu nNpu UHXaanpaHe v/ TpeTupaHe Ha NOBbPXHOCTHU
0bpa30BaHUS

d B-yactuum (e, ev)

(dPeHTreHoBO NbyeHme
v’ ManbKk npober (HAKOKO CM

v'PEHTreHoBU TpboU

naeKkcmraac) S
v'B XMBa MaTepusi - MPOHUKBAT A0 enMeHKeTMZnZCKopMTeM Ha
HAKOJIKO CM P

AMpOoTOHU U MOHM

DY_ JIBHEHNE v'YCcKOpUTENIN - LUKIOTPOHU U
v'PeHTtreHoBo (KeB), rama (MeB) CUHXPOTPOHM

v'Tonsma NMPOHMNKBALLLA CNOCOBHOCT \/A,ﬂlpOHHa Tepanus
v’ 3awwmTta - BewecTtBo ¢ ronsamo Z (Pb)



B3auMoaelCTBUE C BEMIECTBOTO

T Electrons (21 MeV) Carbon (270 MeV/u)

A

Photons|

A

Protons l

b




[Tpouecu npu 00IrbYBaHE C €IEKTPOHH HITH
BCOKOCHEpPreTHYHH (DOTOHH

> VoHn3aums
» CB0OOOHM paanKanu

» EOVNHNYHO W OBOWHO
pa3kbcBaHe Ha [HK

> Nonpaska Ha JHK
» Ponsa Ha kucnopoaa
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GREATEST
HITS

Radiation can kill
cancer cells by
damaging their DNA.

X-rays can hit or miss.

Protons are slightly
more lethal to cancer
cells than X-rays.
Carbon ions are
around 2-3 times as
damaging as X-rays.

IIpouecu nmpu 00IrbYBaHE C YCKOPEHHU

MPOTOHHU WA HOHU

Proton beam

Carbon-ion beam

Marx, Nature, 2014



Jleduenrie Ha OHKOJIOTMYHU 3a00JIIBaHUSA




KnnHnyHO npuinokeHne Ha paguoTepanuara

e 3a JicYeHUE HA OHKOJIOTUYHM 3a00JISIBAHUS
— YHUIII0KaBAaHE Ha JIOKAJIM3UPAHU TYMOPHU

— YHMIIIOKaBaHE HA MUKPOCKOIIMYHM PA3CEUKU CIIE] OIIeparys
WA XUMHAOTEPAMHS

e 3a IHoAIIOMaraHe Ha JICHCHUC U ITIOATHUCKAHC HA CUMIITOMHA

- HamansBane Ha pa3Mepa Ha TYMOPHTE BOAU 10 0OJIEKUYaBaHE Ha
CUMIITOMUTE




Paguorepanus




The Radiation Oncology Team

Radiation Oncologist
— The doctor who prescribes and oversees the radiation therapy treatments
Medical Physicist

— Ensures that treatment plans are properly tailored for each patient, and 1s
responsible for the calibration and accuracy of treatment equipment

Dosimetrist

— Works with the radiation oncologist and medical physicist to calculate the
proper dose of radiation given to the tumor

Radiation Therapist
— Administers the daily radiation under the doctor’s prescription and
supervision
Radiation Oncology Nurse

— Interacts with the patient and family at the time of consultation,
throughout the treatment process and during follow-up care



Pagunorepanus

« KomntoTbpHa Tomorpadp (CT)

* [103UTPOHHO-eMUCMOHHA Tomorpadonsa (PET)
« SPECT

e AnpeHo-marHuTeH pesoHaHc (AMP)

e AMTH+CT




Kommrotspen Tomorpag (CT)




Kommrotspen Tomorpag (CT)

Kak nabotu ?htto<s//'www volitiibe com/watch?v=19<swbhAtR R hi


https://www.youtube.com/watch?v=l9swbAtRRbg

Kommrotspen Tomorpag (CT)




Cxema Ha PET

Coincidence
Processing Unit
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Annihilation Image Reconstruction



O6pas3 ot PET







Single photon emission computed tomography (SPECT)

eTHO(POTOHHA eMUCHOHHA U3YNCIUTETHA ToMOrpadus - METOJ JIaBall] TPUMEPHO
n3o0paxxeHue. bazupa ce Ha @ poBa 00padbOTKa Ha cepUsi OT TOJIAM OPOil JBYMEPHHU
M300paKeHMST Ha KOHIIEHTpAIUATA Ha PaJHOaKTHBEH HYKJIH B 00EKTa.




CT workstation

PET/CT monitor

PET/CT scanner

PET workstation






MRI (Magnetic Resonance Imaging)

siIpeH MAarHUTEH Pe30HaHC - 0a3upa ce Ha MPOMSIHA B OPUEHTAIIMATa B CUJIHO IIOCTOSL
MarautHo noiue (~ 3 T) Ha ciuHOBETE Ha sApara Ha BOJAOPO/Ia MO ACUCTBUETO HA
BUCOKOYECTOTHO €JICKTPOMArHUTHO MOJIE.

PHILIPS
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» PEUYHMK"

> SSD-Source to Surface Distance
> SAD-Source to Axis Distance

> ISOCENTER-the center of the tumor through which the
axis of rotation of the machines passes

> GTV- gross tumor volume

> CTV-clinical target volume
> ITV-internal target volume
> PTV-planing target volume

> Organ at risk



Dose distribution

> As radiation enters the patient, it begins to interact
f ' | with the patient.

Ih_ Ir:!-:: '.l > The dose distribution over the phantom is measured by
- . radiation detectors.
| > Dose distribution by depth consists of a family of
a0 curves where each curve represents the area of the
! same dose and is most commonly normalized to the
area where 100% of the dose is located or where the
80 maximum dose is.
> Interaction depends on several factors and all of these
70 must be taken into account when planning therapeutic
'| treatment.:
o “*Beam energy
| “*Depth of cancer
. < Field size
° N #SSD
=1
\-m 4,4 “*Beam collimation

“*Shape of patient
“*Presence of sensitive organs






Multiple fields

The most important goal of treatment planning 1s to deliver the

highest dose to the tumor and the least to the surrounding tissue.
This 1s best achieved by using more fields from different angles
than from one angle.

Strategy:

(a) using fields of appropriate size
(b) increasing the number of fields
(¢) selecting appropriate beam
directions

(d) using appropriate beam energy
(f) using beam modifiers such as
wedge filters and compensators




Stationary and rotational
radiotherapy

> The difference between stationary and rotational
therapy is that in rotational therapy, the
treatment beam is constantly circulating around

the patient, and in stationary radiate only in
certain positions.

> In both species, the center of rotation of the

machine is in the tumor within the patient and is
called the isocenter.



VOI (volume of interest) and
margins

- exactly
location - margin whose
of the tumor consists present and
any other tissue with
presumed tumor

- margin added to
; CTV to compensate for
/,2?://// % internal physiologic
: w‘l/}f'«':‘:'l’w" : movements and
variation in size,
shape, and position

presence of organs - margin for

with high sensitivity patient movement
to radiation and setup

uncertainties



Maximum dose -The highest dose in the target
area is called the maximum target dose

Minimum dose in target -The minimum target
dose is the lowest absorbed dose in the target
area

Mean Target Dose -If the dose is calculated at a
large number of discrete points uniformly
distributed in the target area, the mean target
dose is the mean of the absorbed dose values
at these points



Patient positioning and
immobilisation

> Patient positioning and immobilization depends
on the treatment setting and the desired
precision.

* Immobilization deviceses have two basic roles :
“*To immobilize the patient during treatment

“*To allow the best keeping of the patient's
position from simulations until treatment or
between two treatments

> Some immobilization devices are masks,
pillows, belts, elastic belts, vacuum devices
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What Is the Biologic Basis for Radiation
Therapy?

* Radiation therapy works by damaging
the DNA of cells and destroys their
ability to reproduce

* Both normal and cancer cells can be
affected by radiation, but cancer cells
have generally impaired ability to repair
this damage, leading to cell death

* All tissues have a tolerance level, or
maximum dose, beyond which
irreparable damage may occur




Sources of Ionizing Radiation

* 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
— lIons (12C)
— Neutrons
— Electrons




Fractionation: A Basic Radiobiologic Principle

* Fractionation, or dividing the total dose 1nto small daily
fractions over several weeks, takes advantage of differential
repair abilities of normal and malignant tissues

* Fractionation spares normal tissue through repair and
repopulation while increasing damage to tumor cells through
redistribution and reoxygenation



The Four R’s of Radiobiology

* Four major factors are believed to affect tissue’s response to
fractionated radiation:

— Repair of sublethal damage to cells between fractions caused by
radiation

— Repopulation or regrowth of cells between fractions
— Redistribution of cells into radiosensitive phases of cell cycle

— Reoxygenation of hypoxic cells to make them more sensitive to
radiation



Thanks to
* Prof. Leandar Litov
* lbrahimovic Amra
* American Society for Radiation Oncology

for the slides



Thank you for your attention !!/



Questions ?
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