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1. Cfaré éshté terapia me rrezatim?

e Pérdor rrezatime jonizuese pér té krijuar déme né ADN e gelizave kancerogjene

o Ka pér géllim ti vdesé apo té mbaj nén kontrolloj gelizat kancerogjene dhe né té njéjtén
kohé té ruaj gelizat e shéndetshme

e Pérdoret né ményra té ndryshme: Electromagnetic Spectrum

- Radioterapia konveksionale

o elektrone ,é_ N D g\\\ l y

o fotone FM TV Cell Phon ar TV Remote LightBulb Sun X-ray machin Rd ctive Elements

» Th era p i a me g ri mca ExtremelyLow  Radio aes Microwaves Infrared Ultraviolet X-rays . Gamma rays
i NON-IONIZING IONIZING

o hadrone: kryesisht protone, por edhe neutrone

o Jone: kryesisht jone karboni

GERMAN
CANCER RESEARCH
IN THE HELMHOLTZ AS

'® dkf

S\ y &

e o0 0 O '»:,;;\ <& ARISTOTLE

P i i 0 UNIVERSITY OF

Research for a Life without L] THESSALONIKI



1.1 Spektri Elektromagnetik
Electromagnetic Spectrum

,é_ﬁjaﬁ““l .

FM TV Cell Phones Radar TV Remote LightBulb Sun X-ray machine Radioctive Elements

Ultraviolet X-rays Gamma rays

E",E::g‘uee'}":”w Radio waves Microwaves Infrared
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1.2 Krijimi i grimcave?

Kp

Rrezatimi renes fg
(fotoni)

Rrezatimi X
(fotoni)

Elektroni
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Elektroni Protoni

Protonet
(grimca te ngarkuara elektrikisht)
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2. Kancerl

* Eshté ndarja dhe rritja e pakontrollueshme e gelizave

* Mund té shpérndahet né pjesé té tjera té trupit

ancer cell of a lun
* Mbi 100 tipe té ndryshme, individual wmor

during cell proliferation
healthy cells vs. cancer cells

Teoria e formimit té kancerit:

mutacionet (random) rrisin mundésiné e formimit té Normal cell division Cell divisn in cancer
kancerit duke shkatérruar ciklin/programin normal té

S e e e S / \ /TN
ndarjes sé gelizés B disekujlibrin midis procesit té h Q
ndarjes dhe vdekjes sé gelizés. V2R RN / N\ /

\
Né kété ményre kemi akumulimin e njé mase té Q u ‘ R n
i

gelizave kancerogjene té cilat do té duhet ti

rrezatOj me. Programmed cell death Uninhibited growth, paired with increasingly
dangerous mutations

[1] Garak76, Suhadi Jorhaa'ir (https://commons.wikimedia.org/wiki/File:Zellteilung_normal_im_Gegensatz_zu_Krebs.svg), ,Zellteilung normal im Gegensatz zu Krebs*
[2] fineartamerica - Lung Cancer Cell Division. - Accessed from https://fineartamerica.com/featured/lung-cancer-cell-division-sem-steve-gschmeissner.html?product=metal-print on 12.02.2021. Lettering was adapted.
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3. Radioterapia - Biologjia

> 50% pacientéve me kancer trajtohen me radioterapiri]

Faza fizike: 10-18-1014s
Bashkéveprimet fizike elementare té rrezatimit
jonizues dhe atomeve té |éndés

Faza Kimike: Ims -~ min
Radikalet active hyjné né reaksion me molekulat e
gelizés dhe ndryshojné kompozimin/pérbérjen kimike.

Faza Biologjike: pas 1s deri né disa vite

Vdekja e gelizés, mosfunksionimi i organizmit

Nucleus Chromosome Organe né seri - psh.: shtylla kurrizore

2] Organe paralele — p.sh.: mushkérité

[1] Atun R. Jaffray et. al, Expanding global access to radiotherapy. Lancet Oncol., 2015
[2] Sponk, Tryphon, Magnus Manske, User:Dietzel65, LadyofHats (Mariana Ruiz), Radio89 (https://commons.wikimedia.org/wiki/File:Eukaryote_DNA-en.svg), , Eukaryote DNA-en”, https://creativecommons.org/licenses/by-sa/3.0/legalcode
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4. Radioterapia Konveksionale

- |
 Pérdoren fotone: grimca pa mas, pa ngarkesé X-ray Tafgaerltry‘%;;; == colimeter
elektrike qé lévizin me shpejtésiné e drités %éﬁk Digital Pasition
* pa “pérshpejtim”, por me energji gé varet nga frekuenca
Lasel Lase!l
Si prodhohen? Mund té pérshpejtojmé elektrone! — o
* Elektronet e pérshpejtuara godasin shenjézén
« Kéto elektrone humbin energjiné kinetike e cila isocenter
konvertohet né rrezatim (fotone) Patient
“bremsstrahlung” — Couch
e gantry: léviz burimin e rrezatimit rreth pacientit (1]

e couch: rrotullon pacientin

[1] ResearchGate — Schematic depiction of a linear accelerator. Accessed from https://www.researchgate.net/figure/Schematic-depiction-of-a-linear-accelerator-LINAC-used-in-External-Beam-Radiation_figl_334378462.
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4.1. Radioterapia me fotone dhe protone: Diferenca

PHOTON AND PROTON RADIOTHERAPY
WHAT'S THE DIFFERENCE?

Radiotherapy targets tumours with a beam of energy which damages DNA and Kills cancer cells.

PHOTON Photons (or x-rays)
BEAM are small packets of
high energy light.

HEALTHY CELLS
DAMAGED BY
THE BEAM
Gaps between
treatments gve
time for healthy
cells to recover.

..and keeps
travelling after

Photon
energy decreases
as it goes through
the body...

LET'S BEAT CANCER SOONER
cruk.org

dkf

GERMAN
CANCER RESEARCH
IN THE HELMHOLTZ AS

Research for a Life without

hitting the tumour.

PROTON { Protons are tiny
BEAM , particles from the
3 centre of atoms.
‘) ( FEWER HEALTHY
CELLS DAMAGED
BY THE BEAM
o tosendiive.
Super-charged tissues, such as the
protons release brain or spinal cord.
a sudden burst
of energy when
they stop... ..which stays
inside the tumour.
—_——
> CANCER
: RESEARCH
s UK
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4.2. Radioterapia me fotone dhe protone: Diferenca

180 X-rays (15 MV)
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Source: J Clin Oncol. 2014 Sep 10;32(26):2855-63.

Depth in Tissue
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- Fotonet japin energjine ne menyre
graduale, pjesen me te meadhe afer

siperfages

- Protonet pjesen me te madhe te
energjise e japin ne fund te rrugetimit
ne nje fenomen qe njihet piku Bragg.

- Doza e pergjithshme me terapine
proton eshte afersisht 60% me e ulet
se tufa me fotone.

- Terapia me protone jep pjesen me
te madhe te Dozés afér zones tumorale.

9 X ray beams 4 proton beams
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5. Terapia me grimca — akseleratorét e grimcave

Si mund té gjenerohen protone apo jone me energji té

larta?

* Pérshpejtim duke pérdorur fushé elektrike

[1] Maximilien Brice (https://commons.wikimedia.org/wiki/File:CERN_LHC.jpg), https://creativecommons.org/licenses/by-sa/4.0/legalcode

Né akselerator lineare ose rrethor

(varet nga energjia g€ nevoitet té pérshpejtohet)
e.g. Large Hadron Collider LHC (CERN)
Sa mé e madhe té jeté masa e grimcés aqg mé shume #

Nevojiten akselerator té médhenj dhe té

kushtueshém.

detector

“*— bending(dipole)
|_|<+— focusing (quadrupole)
1 «— cjection magnet

injection — p
magnet

[2] No machine-readable author provided. Florian DO assumed (based on copyright claims). (https://commons.wikimedia.org/wiki/File:Storage_ring_de.svg), ,Storage ring de“, lettering was adapted, https://creativecommons.org/licenses/by-sa/3.0/legalcode
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5. Akseleratorét (pérshpejtuesit) e grimcave né CERN

AWAKE
HiRadMat
AD ELENA
ISOLDE
— BOOSTER
@ 1972 (157 m)
REX/HIE
nF =g » —| East Area |
L'N Q > . CLEAR
2020~~——4 v LI 2017 |
. LEIR
*www.cern.ch
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6. Makinerité

$9995%

$99
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6.

Makineritée

Té gjitha géndrat e trajtimit kané linjé
statike té Tufés (static beam lines).

Disa prej tyre kan gantries gé rrotullohen
(pérgjithésisht pér protone, vetém 2
gendra me karbon né boté).

Sistemi i referencés ose “géndra” éshté
né tumor e cila quhet “isocenter”.

Né kété MC ne do té punojmé me gantry
gé rrotullohen.

Heidelberg lon-Beam Therapy Center (HIT)
—

\
_Synchrotron ™ poam transport line
I ¥ L3 &) T &= L

4‘\‘_
b <ila
\ !

Treatment

rooms Siemens _{N :

Medical [1]

[1] Universitatsklinikum Heidelberg — HIT Broschiire - HIT lonentherapieanlage. Accessed from https://www.klinikum.uni-heidelberg.de/fileadmin/hit/dokumente/HIT_Broschuere.pdf on 12.02.2021
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7. Koncepte té réndésishme

o« Doza e Absorbuar: energjia jonizuese e absobuar pér
njési mase. Matet né Gray (1 J/kg = 1 Gy).

e Modulimiiintensitetit pér fotone me ”"pencil beams”: " a—
s

|”

Tufat e tipit “Pencil beams” krijojné “pixel” né sesionin |
thérthor té tufés (or the fluence, respectively)

= “bixel” (Beam + Pixel)
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7. Koncepte té réndésishme

« DVH: dozé-véllim histograma.

100 =

NE RASTET TDEALE. VETEM TUMORT RREZATORET PA PREKUR g0 J N~
INDET APO QELIZAT £ SHENDETSHME.
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7. Koncepte té réndésishme

e RBE: Relative biological effectiveness = Efikasiteti biologjik relativ
Faktori gé krahason efikasitetin biologjik té (démin biologjiké té shkaktuar nga) njé
tip rrezatimi (p.sh.: rrezatimi i grimcave) me efikasitetin biologjik té njé rrezatimi

reference (p.sh.: rrezatimi fotonik). Dx—ravs
RBE;,, = A

| isoeffect

on

o Voxel: volume pixel. Njé voxel éshté njé véllim elementar i cili éshté blloku ndértues

i pérshkimit véllimor té njé objekti.
e VOI: volume of interest = véllimi i interesit. @

e OAR: organ at risk = organet né rrezik.
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7. Koncepte té réndésishme

e Gross Tumour Volume (GTV).
o Veéllimiitumorit qé vézhgohet me ané té
metodave imazherike.
e Clinical Target Volume (CTV).
o Véllimiiindeve duke pérshiré GTV dhe zonat ku
inde té pavézhguara pritet té jeté | pranishém.

e Planning Target Volume (PTV).
o Pérfshin GTV, CTV por edhe margin e sigurisé pér
té marré né konsiderat edhe pagartési té
mundshme.
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Kanceri - semundja e shekullit

* Mbi 18 milion raste te kancerit ne vit

* Mbi 10 million vdekje ne vit

* Mbi 90% e vdekjeve jane per shkak te
metastazave ge zhvillon kanceri

* Mbi 50% e rasteve te kancerit trajtohen me
rrezatim
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