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Introduction to Radiation Oncology

AkTIVvOoBepaneia: n xpnon Tng

aKTIVOBOAIGG JE OKOMO TNV ACMAAR Kal

P

anoTEAECUATIKN Bepaneia TOU KApKivou

Kal aAAwV nabnoewv

AvTI-veonAaopaTikn Bepaneia 0w Kal

TOUAQYXIOTOV €£vav diwva

2/3 oykoAoylkwv acbevwyv Ba AaBouv

AKO oTnv nopeia Tng vooou.

AkTIVOBepaneuTeC OYKOAOYOI: KAIVIKOI

IaTPOI MOU XPNOIKONoIouV TNV

akTIVOPBoAia Ue okono Tn Bepansia Tou | _
Patient being treated with modern

Kd pKiVOU . radiation therapy equipment.



Defining “"Oncology”

= What is Oncology?

e The study and treatment of tumors

= What is a Tumor?

o A swelling of a part of the body, generally without
inflammation, caused by an abnormal growth of

Grade 1 Meningioma Glioblastoma



Defining "Oncologist”

« There are 3 types of Oncologists

Surgical Oncologist Radiation Oncologist

“"The Army” “The Navy” “The Air Force”
6+ years of training = 6 years training 5 years training
- subspecialty dependent - 3yr Int Med residency - 1yr internship

- 3yr Hem/Onc fellowship | - 4yr Rad Onc residency

Only treat specific Trained to treat all | Trained to treat all
disease site disease sites disease sites

« All are equal partners in cancer care
« All work together to manage patients



When people hear the word
“radiation” they often think...

RADIATION

g——

The reality of medical use of
radiation therapy is very different




Is Radiation Therapy Safe?

s TEXVOAOYIKEG EEEAIEEIC KABIGTOUV
TNV AK® aoc@aAn kai
AnoTEAECUATIKN HEBOOO.

= Mia 0|JC|60 EMNICTNHOVWV
oupusTsxouv OTO oxsélaopo Kdal
TNV uAomoinon TnG Bepaneiac.

= TO mAAvo espanslaq Kdl O
sEon)\lopoq TiBevTal KCIGI’]|J€pIVCI * I &
o€ EAEYX0 WOTE Va d1aopaligeTal ‘ -
N ao@aA&sia kal n AoloTNTd TNG
Bepaneiac.




When Is radiation used?

= AuUvartal va xpnoiponoinbei
OXEOOV OE OAEC TIC KAKONBEIEC
TOU OWMATOG.

m >E OPICPEVEC MNEPIMTWOEIC
arnoTeAEl TN Povadikn
Bepaneia.

= Mnopei va anoTeAEl JEPOC
ouVvOUaOoTIKNG BEpaneiac pe
AAAEC AVTIVEONAQOUATIKEG
Bepaneiec.

Tumor boards meet to discuss
comprehensive patient treatment plans

= H anogaon AapBaveral ano
Hia ogIpa €EEIOIKEUPNEVWV
IaTPWV OYKOAOYWYV OTA NAdiola
OYKOAOYIKOU GUUBOUAIOU



Brief History of Radiation Therapy

1°6 agBevnc nmou uneBANBn oe
BepaneuTikn akTIVOBoAia nTav To
1896, 2 JOAIC UNVEG YETA TNV
avakaAuywn TV akTivoV X.

H npwTn TEXVOAOYIKN €NAvVACTAGCNH
eylve To 1950 pe TNV Xpnon Tou
NPWTOU YPAUUIKOU ERITAXUVTH.

H €E€AIEN TNG TEXVOAOYIAC EXEI KAVEI
TNV akTivoBepaneia acpaAn pebodo
Bepaneiac TOu KApKivou, JEIWVOVTAC
ONMUAavTIKA TIC NAPEVEPYEIEC.

The linear accelerator is still used
today to deliver external beam
radiation therapy.



Indications for Radiation Therapy

o : Radiation is an important component of
either alone or in
combination with surgery, chemotherapy, and
immunotherapy

o : Radiation is a very
effective palliative treatment of symptoms
from advanced cancers that are no longer curable

s [loioTnTa (wnc: pIJIKN-EMNIKOUPIKN-AVAKOUPIOTIKN
ue diatnpnon opyavou!



AKTIVOOEPATTEIO CUUTTANPWHMATIKN
TOU XEIPOUPYEIOU (VEO)ETTIKOUPIKN

= Emikoupikn AKO:
«ekpilwon >
KAPKIVIK®OV
KUTTAP®WV OTNV
KOIiTn TOU OYKOU N
o AEPHPADEVEC TNG
NnEPIOXNG.

= N€o-enikoupikn:
unoocTtadionoinon - = |
IJ ETCITPO |'| I'I OY KO U 0.8 Beets-Tan, R. G. H. & Beets, G. L. (2014) MRI for assessing and

predicting response to neoadjuvant treatment in rectal cancer

v
X£ I p O U pY I‘I GI I-l O Nat. Rev. Gastroenterol. Hepatol. doi:10.1038/nrgastro.2014.41




AKTIVOOEpANEIa avTi XEIPOUPYEIOU
(pP1CIKN)

= In some cases, definitive RT is used instead of
surgery with comparable probability of cure

= Potential reasons include:
e Mn XEIPOUPYNTIKOI OYKOI
e >0Bapn cuvvoonpoTNTA MOU KABIoTA MOAU ERIKIVOUVO
£VA XEIPOUPYEIO
e ANopuyn HEYAAWV XEIPOUPYEIWV
e AldTApNON opyavou

= Examples include:
e Prostate, cervix, larynx, pharynx, anus, bladder, lung
e |Local consolidative therapy for oligometastatic cancer



Avakou@ioTikn RT

AAyoC
e bone metastases
e NeuponaBbnTikKOC NOVOC

NeupoAoyika cupnTOHATA
e JUNMIEON VWTIAIOU HUEAOU
e brain metastases

Aipoppayia (TpiXo&€1dIkn)

e bladder, cervix, lung
Anogpadn

e SUVOPONO AVw KOIANC PAERAC

e airway, esophagus, bile ducts



Why Use Radiation Therapy?

= [a0on ano Tov KAapKivo:

e Pi(Ikn: KaTtaoTpo®n (TOMIKN) TWV KUTTAPWYV MNOU OEV
EXOUV EMeKTABEI OE ANOUAKPUCHEVEG MEPIOXEC.

e Enikoupikn: Meiwon Tou KIVOUVOU EMNAVEUPAVIONG TOU
kKapkivou (unotpomnn)

e Eicaywyikn — Neo-enikoupikn: Meiwon Tou OYKou/(popTiou
TOU OYKOU MpIV TO XEIPOUPYEIO - unoaTadlonoinan.

s AVAKOUMIOTIKIN — EAEYXOC TWV CUUNTWUATWV:
e Meiwon TOU (pOPTIOU PJE OKOMO TNV BEATIWON

CUMNTWHATWV nou ennpealouv Tnv noiotnta (wnc.

e AvaAynTikn Bepanegia oTo KAPKIVIKO AAYOC



How Does Radiation Therapy Work?

H akTivoBepaneia Opad NECW TNG
onuioupyiac BAaBwyv oto DNA Twv
KAPKIVIKOV KUTTAPWY, 00NYWVTAC OE
aduvapia avanapaywyng Touc Kal
KUTTapIko Bavaro.

Me TNV KaTaoTpopr TOUC Td KUTTAPA
eEaAeipovTal ano ToO avooonoINTIKO
ouoTnHa.

Ta gualoAoyika KUTTapa UNOKEIVTAl O€
avTioTOIXEC BAABEG, EXOUV OPJWC TN
duvaToTnTa nidIOpBwWONG Kail
anokaTaoTaong.



How Does Radiation Work?
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[lapayovTeC AKTIVOAVTOXNC

Mo akTivoeuaiocbnTa Ta
AKTIVOAVTOXO KEVTPO AOYW

KUTTapa nou BpiokovTtal omn

@Aaon TNG HITwaong

unoé&iag

High oxygen Low oxygen




Radiation Dosing

= Gray (Gy):

e 1 Gy = 100 centiGray (cGy) = 100 Joule/kg = 100 rad

e The dose from 1 cGy roughly equals 1 CT scan!

= H ouvrayoypa®pnon tng doong eEaprarai:
e >TOXO TNC Bepaneiac (curative > palliative)
e ®opTio VOOOU (gross > microscopic)
e AKTIVOEUdioOnaoia oykwv (Aeppwpata>nAakwdec Ca>oapkwuaTa)

e EualioBnoia - avoyxn TwV OJopWYV UYIWV IOTWV 0TNV aKTIVOBOAIG



BeATiwon OgpaneuTikoU OEiKTN:
> KAaopartonoinon: xopnynon o€ HIkpa KAGopaTta («KKEPUATIOHOGC»)
> AKpiBela oToxeuong — heiwon d00NC OTOUG UYIEIC 1I0TOUC

Flash: MpooTaocia Twv UyiwV I0TWV JECW NOAU uwnAou (ultra fast) puBuou ddong
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Ta 4 R's 1nG PaoiofSioAoyiag

= Four major factors are believed to affect tissue’s response

to fractionated radiation:

Repair (emdiopObwon) of sublethal damage to cells between

fractions caused by radiation
Repopulation (enavanoikiopog) or regrowth of cells between fractions

Redistribution (avakaravopn) of cells into radiosensitive phases of

cell cycle

Reoxygenation (enavoéuyovwaon) of hypoxic cells to make them

more sensitive to radiation



Ta4+2=6R'sTNC
PadiofioAoyiac

Radiosensitivity

Radioinduced DNA DSBs
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H Ol100IKAOIO

Mapanounn o€ Kevrpo AKG
KAIvikn a&loAoynon
E€opoiwon

> XeO0IAOoNOC Bepaneiac

YAonoinon Bepaneiac



[lapatroun

= AlayVWOMEVN KAkonBeia
IOTOAOYI1KA
enIBeEBaI®UEVN.

= ANogQaon ano opadd
IaTPpwWV oTad nAaiocia Ox.

» [11BavEG BEPANEUTIKEG
EMNIAOYEG: XEIPOUPYEIO,
AKO, ocuoTnuaTikKn
eapanaa N oUVOUAONOC.




KAIVIKN acloAoynon

= O akTIVOBEPANEUTNG EKBETEI
oTov acBevrn To MAAvo
Bepaneiac/ eVNUEPWVEI OXETIKA

LE OPEAN-NAPEVEPYEIEG

= 2Uuvanogacn nAavou Bepaneiac

= 2UVTOVIOMOC JE TNV OYKOAOYIKN

onaoda.



E¢opoiwon
A CT scan of the area of the body to be treated with

radiation. The CT images are reconstructed and used to
design the best and most precise treatment plan.

= Patient is set up in treatment position
on a dedicated CT scanner.

e Immobilization devices may be
created to assure patient comfort
and daily reproducibility.

e Reference marks or “tattoos” may
be placed on patient.

s CT simulation images are often fused
with other scans such at MRI or PET
scans to create a treatment plan.




Simulation

x Step 2: CT scan - tattoo/mark
patient




2. XEOIOOUOG DEpATTEING

= [he radiation oncologist works
with the medical physicist and
dosimetrist to create an
individualized treatment plan for
the patient.

= [ he treatment is mapped out in
detail including the type of
machine to be used, the amount
of radiation that is needed and
the number of treatments that Radiation oncologist and dosimetrist creating a
W||| be given. treatment plan




2ZXEOIAOHOC OYKOU OTOXOU

Draw the target(s) on the planning CT
(+/- with image “fusion” with PET or
MRI)

GTV (Gross Tumor Volume)
o OpaTn KAIVIKA N ANEIKOVIOTIKA VOOOC
CTV (Clinical Target Volume)

e GTV + MNEPIOXEC MOU UMOKPUMTOUV
MIKDOOKOMIKN VOOO

PTV (Planning Target Volume)

e CTV + oplo nou AapBavsl UI'IOL|JIV TNV
Kivnon Tou OYKOU I Tou acBevouc Kal

niBava opaApara Kata Tnv
TOonoBETNON OTO PNXAvnua




4D CT oxediaopouU: AapBavovTac unoyiv Tnv {wvravn kivnon
TOU OYKOU: akpifeia oTOXEUONC — MEIWON OYKOU akTIvoBOANnong
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Image-Guided Treatment Delivery

s Accounts for daily shifts in soft tissue
anatomy or patient setup

s Enables reduced margin around tumor >
less risk of toxicity




4D atreikdvion o€ kGBe ouvedpia — gating (image guided radiotherapy)

Correction referenc

Transverse

Protocol

Registration (Clipbox)

Position Error

Translation (cm) Rotation (deg)
Py v g
Resel Next Register Mask

penmittecipy Elekta




How Is Radiation Therapy
Delivered?

» EEwTEPIKN N EOWTEPIKN.

o EEWTEPIKI) aro «e€w Mpog
T4 [JEOT>» - YPAUMIKOG
EMITAXUVTIG.

e EOWTEPIKN:
BpaxuBepaneia (Bepaneia
ano KovTIVF) anooTacn) —
TON0BETNON PASIEVEPY WV
nNywv oTnV NEPIOXT TOU
OYKOU.

The type of treatment used will depend on
the location, size and type of cancer.



F'papHikol EmiTaxuvrecg (Linac)

» [lapayouv akTIVEC X UWNANG EVEPYEIAC N
NAEKTPOVIA

s Mn enepBaTikn — avaigakTn
s Rapid treatment delivery, in minutes




Types of External Radiation Therapy.

The type of equipment used will depend on the
location, size and type of cancer.

o TpigdiaoTarn cUHpoPPNn (3D-
Conformal RT)

= A technigue where beams of radiation
used in treatment are shaped to
match the tumor and are delivered
accurately from several directions.

o AkTIVoOepaneia diapoppoupevng 1
evraong (IMRT)

= A form of 3-D CRT in which the
physician designates specific doses of

o\ A multileaf collimator is used to
radiation that the tumor and normal shape the radiation beam to
surrounding tissues receive. TGN 452 Iy EREl,

surrounding healthy tissue



3D vs IMRT

Conventional

Conformal




MRI ypapuikoi emiTaxuvteég (MR-LINACS)

AkpiBeia oTo oxXE0IACHO
E€aTouikeupevn Bepaneia o€ kAGBe ouvedpia Pe VEo NAAvo Bepaneiac

Avixveuon Tou Oykou - gating - duvapiko_motion management KaTa Tn OIAPKEIA TNG
OUVEDPIAG

¥¢0¢/02/s

Imaging/
Delineation




MRI ypappikoi eTiTaxuvtég (MR-LINACS)

-V

Smart

I

v20¢/02/s



ZTEPEOTAKTIKN AKTIVOXEIPOUPYIKN
(x-knife, gamma-knife, cyber-knife)




What is Stereotactic Radiosurgery?

= Use of a high dose/fraction
of RT In a very focused way

« High probability of

local control (>90%) /

« Can be done safely for well
defined, small-medium
sized targets, using our
most advanced treatment
technologies to deliver this
very potent dose safely




Special Stereotactic Radiosurgery
Treatment Platforms

» Gamma Knife

e Head frame immobilization
e 192 Co-60 sources
e Used to treat brain tumors with high precision




Special Stereotactic Radiosurgery
Treatment Platforms

= Cyber Knife
e Robotic arm can treat tumors throughout body
e High precision, but very long treatment times




Proton Beam Therapy




Proton Beam Therapy

s Advantage over photon IMRT in dose distribution;
less low-intermediate dose to surrounding

(a) Photon

) Proton (Therapeutic)

Reduces risk of long-term
side effects in pediatric
malignancies

Benefits under investigation
in adult malignancies
(where low dose may have
less impact on toxicity)



EowTepikn AKO: BpayxuOepaneia




What is Brachytherapy?

e “"Oepaneia ano Bpaxeia anooraon” using radioactive implant
= >100 years old, since radioactivity was discovered

e Radioactive sources placed on or inside a tumor
= Can be temporary or permanent implant

o Allows 1 dose escalation by sparing normal tissue

Prostate IMRT Prostate Brachytherapy



Examples of
Intracavitary Brachytherapy

Uterus

Cervix

ol the uterine cervix




Other Examples of
Interstitial Brachytherapy




KaAonBeIEG

Graves o@BaAonabeia

XNAOEION

'EkTonn ooTeomnoinon

Noooc Tou Peyronie

[uvalkopaoTia ano oppovoBepaneia
MnvviylwpaTta

AiBouoaio ofavvwua

NeupaAyia TpidUpoU

TpOpOCG

AdEVWNATA UNOPUONG

ApTnNpPIoPAEBWOEIC dUONAACIEC




[lapevepyEIEC AKTIVOBEPATTEIOG

Most side effects begin during
the of
treatment. Doctors and nurses
may prescribe medications to
help with these side effects.

Side effects, like ,
are generally limited to the
area receiving radiation.

IS @ common side

Side effects vary based on a patient’s

effect for all cancer patients. w2 Tl e ] e RelE TeEls

Side effects may last for
several weeks after the final
day of treatment.



[lapevepyEIEC AKTIVOBEPATTEIOG

s Apeoec, Ynoéeiec kal ANWTEPEC
= >UOYXETION KJE TOV TUMO TOU

(UOIOAOYIKOU 10TOoU: Iepapyikog (H) n

EueAikToc (F)

IepapXIKOG: N AslIToupyia Tou
BaoileTal oTnv d1ApKN Avavewaon
TWV KUTTApWV anod apxeyova o€
WpPIKa AEITOUPYIKA

Iepapxikoi 10Toi: dEpUQ,
TpIxoBuAakio, BAevoyovvol,

AIJonNOoINTIKOG

EUEAIKTOI: 10TOI NOU N
A&ITOoupyia Touc BaacileTal oTOUC
i®10UC KUTT. NANBUOHOUC
EUEAIKTOI I0TOI: VEUPIKOC,

nveupovac, VEQpPOC, GUVOETIKOC



[lapevepyEIEC AKTIVOBEPATTEIOG

s I[epapyikoi — 0EEWC = EugAIKTOI — OWIiHWC
aVvTIOPWVTEG avTIOPWVTEC
= [lapadeiypara: . I'Iapaéa—:lypam
e Aegpua: epuBnua, anoAenion, Neupikoc:
aAwnekia Aeukoeykepalonabeia,
e BAevoyovvol: BAevvoyoviTioa, MUEAITIOq
diappola, duopayia, MuknTiaon wg = Neppoc: XNA
aroTEAECHA TNG UNONAACIAG = Tvelpovag: nveupoviTida -
e AIUOMOINTIKO: MAVKUTTAPOMEVia ivwon

= 'EvTepo: oTEVWON, ouUpiyyIo
=  Ayyeio: okAnpuvon

= H ekdnAwon - xpovocg

anokaTaoTaonc OlIdpKEi 000 - H €K5r:1)\°30ﬂ NG NAPEVEPYEIAG
xpslaCETal vda CIVTIKCITCIOTCIGOUV MMOPEl va apxeral ano

ano VEOUG KUTTAPIKOUG eBOouAdEC EWG XpOVvIa HETA
n)\r]euopouq npospxopsvouq TNV akTIvoBepaneia kal Ynopei

ano Ta apxeyova kuTTapda va €ival gn avaoTpEWIUn



[lapevepyEIEC AKTIVOBEPATTEIOG

=npn anoA&nion

Yypn anoAEnion




[lapevepyEIEC AKTIVOBEPATTEIOG

TnAayyeliekTaolec dOEpUATOC
kKal BAevvoyovwv (opBou)




[lapevepyEIEC AKTIVOBEPATTEIOG

OTEVWON
ayyeiou




[lapevepyelec AKTIVOBEPATIEIOG

AsuTeponabeic
VEOMAQOIEC

>UXVH kakonBegia JeTa
TNV AKO:
ooTeooapkwua, KNZ,
AEUXaluiad, uaoToc,
NVEUOVAG

Epgavion

ZmJGVTlKn N EVNUEPWON
VEWV adoBevwV

Breast cancer in a 47-year-old woman
treated for Hodgkin disease at the age of 23 years.



[lapevepyelec AKTIVOBEPATTEIOG

AsuTteponabeic
VEOMNAAGIEC

>UXVn kKakonbela Yera
TNV AKO:
ooTe00apkwua, KN,
AEUXAIUiA, UAOoTOC,
nveupovac

Eupavion

ZI"||JCIVTIKI’] N EVOUEPWON
VEWV ao0BevwVv

Osteosarcoma in a 60-year-old man 15 years
after postoperative radiation therapy (60 Gy)
for bronchogenic carcinoma



Who Is the Cancer Care Team?

All those involved with a patient during and after
their care is part of the Cancer Care Team. This
includes:

e The Treatment Team including
Physicians

Nurses

Radiation therapists

Physicists

Dosimetrists

Social workers

= Receptionists

e Family and Friends



Why Radiation Oncology?

Cancer is intellectually stimulating
e Treatment approaches evolve with time

e There is much more to learn about cancer (lots of
research funding and opportunity)

e A somewhat “science-oriented” specialty
Lots of new, evolving technology

Lots of procedure opportunities
o If desired

Lifestyle
e Qutpatient hours, home call, few emergencies
e Plenty of time to do research, teach, or enjoy life



Concerns With Radiation Oncology

= Usually not first Oncologist a patient

Sees
e Depend on referrals from surgical and medical
oncology

e Need to develop relationships with referring
physicians, and educate them on the value of RT

= Disadvantages of being in a smaller field
e Minimal curricular attention in med school > RT is
a relative unknown for most doctors

e Sacrifice some geographic flexibility in residency
match and job market
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