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Radioterapija - osnovni postulati primene

Visoko precizne radioterapijske Tumor control
tehnike omogucavaju preciznu

Isporuku doze na ciljne volumene,

uz maksimalnu postedu organa >
od rizika. ]
n
C

Dose (Gy)

Chang, D.S., Lasley, F.D., Das, 1.J., Mendonca, M.S., Dynlacht, J.R. (2014). Therapeutic Ratio. In: Basic Radiotherapy Physics and Biology. Springer,
Cham. https://doi.org/10.1007/978-3-319-06841-1_27



Radiosenzitivnost tkiva

Radiosenzitivna tkiva: limfociti, limfoblasti, kostna srz, epitel
gastroitestinalnog trakta, germinativne celije

- Relativno radiosenzitivna tkiva: epitel koze, endotel krvnih
sudova, pljuvacne zlezde, kosti i hrskavice tokom perioda rasta,
konjunktive, kornea

- Radiorezistentna tkiva: Stitasta Zlezda, pankreas, hipofiza,
nabdubrezna Zlezda, zrela kost i hrskavica, misi¢i i mozak

L Porrincls |\
Radiosenzitivhost normalnog
tkiva zavisi od:

- kinetike Celijskog ciklusa
- mitotskog ponasanja celije
- stepena diferencijacije Celije

Lymphoid
oigans,
bone marow,
gonads,
Skin, small

esophagus, intestines,
Vasculalue,  gral mucosa salivary

growing glands

banes

Rynnisussolpey

Muscle,
brain.

spinal cord . . L . -
Grundmann O, Mitchell GC, Limesand KH. Sensitivity of salivary glands to radiation: from

Stem cells animal models to therapies. J Dent Res. 2009 Oct;88(10):894-903.




Efikasnost radioterapije vs. radijaciona
toksicnost

« Faktor vreme - doza - frakcija
(TDF)

* Volumen ozraCenog tkiva

o3IO

3 (quadratic)

o (linear)

Dose (Gy)

Chang, D.S., Lasley, F.D., Das, 1.J., Mendonca, M.S., Dynlacht, J.R. (2021). Time Dose and Fractionation Effects. In: Basic Radiotherapy Physics and Biology. Springer, Cham.
https://doi.org/10.1007/978-3-030-61899-5_29



Tolerantna doza

Obezbeduje zeljene efekte radioterapije uz prihvatljiv nivo toksi¢nosti

Minimalna tolerentna doza 5/5 — stopa verovatnoce teskih

komplikacija 5% u prvih 5 godina nakon radioterapije
Maksimalna tolerantna doza 50/5 - stopa verovatnoce teskih

komplikacija 50% u prvih 5 godina nakon radioterapije.

Normal Tissue Tolerance to Therapeutic Irradiation

TDs;5 Volume TDsq5 Volume
Organ 113 213 313 113 23 33 Selected End Point
Kidney 50 30 23 — 40 28 Clinical nephritis
Brain 60 50 45 75 65 60 Necrosis, infarction
Brainstem 60 53 50 — — 65 Necrosis, infarction
Spinal cord 5 cm: 50 10 cm: 50 20 cm: 47 5cm: 70 10 cm: 70 20 cm:— Myelitis, necrosis
Lung U5 30 175 85 40 D4 5 Pneumonitis
Heart 60 45 40 i70 55 50 Pericarditis
Esophagus 60 58 55 [ 70 58 Clinical stricture/perforation
Stomach 60 55 50 [70 67 65 Ulceration, perforation
Small intestine 50 — 40 60 — 55 Obstruction, perforation/fistula
Colon 55 — 45 65 — 55 Obstruction, perforation/ulcerationffistula
Rectum h/oiume: 100 cm® 60 Nolume: 100 cm® 80 Severe proctitisinecrosis/fistula
Liver 50 B35 30 55 U5 40 Liver failure

TD, tolerance dose.
From Emami B, Lyman J, Brown A, et al. Tolerance of normal tissue to therapeutic imradiafion. Int J Radiat Oncol Biol Phys 1991;21:108-122, with permission.




Intezitet radijacione toksicnosti

Ireverzibilne komplikacije koje
dovode do smirti ili teskog
mobiditeta

Ireverzibilna ostecCenja
povezana sa teskim
morbiditetom

Ireverzibilna ostecCenja
povezana sa minimalnim
morbiditetom
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1S ;’
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CAUTION

IONIZING RADIATION

Slika dostupna na: https://www.pngwing.com/en/search?qg=radioactive



Faktori rizika za nastanak
akutne i hronicne radijacione toksicnosti

Radioterapijska tehnika,
doza, broj i veli¢ina zranih
polja, rezim frakcionisanja,

radiotolerancija zdravog

tkiva
Kombinovanie re¥ima Individualne osobine
. ) . organizma, starost, etnicka
leCenja (radioterapija i rinadnost
hemioterapija, radioterapija prip
i imunoterapija,
radioterapija i hirurgija
Radijaciona
tOkSI(:nOSt Zivotni stil, navike

Dostupnost medicinske
nege tokom tretmana

Prethodne hiruske Zivotni stil, navike

intevencije u maloj karlici i
abdomenu

Komorbiditeti



Tipovi radijacione toksicnosti

Akutna toksiCnost (od poCetka RT do 90 - og dana)

Subakutna toksi¢nost (u anglo-saksonskoj literaturi od 90 - og dana
do 6 meseci)

Hronicna toksicnost (od 90 - og dana, mesecima i godinama nakon
sprovedenog leCenja)

Hipoplazija parenhimalnih Celija
Promene u mikrovaskularnoj mrezi
Promene u vezivnoj stromi

Radiotolerencija organa od rizika
Terapijske komplikacije
Dozno volumni efekti zdravih tkiva



Dozno-volumni limiti za organe od rizika

Standardno frakcionisanje
Hipofrakcionisanje
Stereotaksa
Radiohirurgija

% NIH Public Access

=
%@ Author Manuscript
Freps®

Published in final edited form as:
Int J Radiat Oncol Biol Phys. 2010 March 1; 76(3 Suppl): S3—-89. doi:10.1016/j.1jrobp.2009.09.040.

Quantitative Analyses of Normal Tissue Effects in the Clinic
(QUANTEC): An Introduction to the Scientific Issues
Seren M. Bentzen, Ph.D., D.Sc.2, Louis S. Constine, M.D.®, Joseph O. Deasy, Ph.D.¢, Avi

Eisbruch, M.D.9, Andrew Jackson, Ph.D.2, Lawrence B. Marks, M.D.!. Randall K. Ten Haken,
Ph.D.9, and Ellen D. Yorke, Ph.D.¢
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Tabela 1. Vrjednos! tolevaninit doza rradena za pojetine viste Ik | oegana - konvencionalno frakcionisanje.

Organ pod izikory - & ]
Brahjani ploksus Maks, doza < 66 Gy. V,, < 5% RTDG 0619 R d - t | .=
Maldano statlo Moks. doa < 54 G V,, < 1% AT0G 0225 a I O O erenCIJa

V, < 1-10cm} - - OQUANTEC
Temporaln| re2ary Maks, daza < 60 Gy, V,, < 1% R10G 0225 n r m I n - h r n
Kitmena moddina Maks. doza < 45 Gy R10G 0623 O a I O ag a a

Maks. dom < 50 Gy o 709&’“{(:
Kotiea v, <5% RTOG 0615 =

e comemncse o od konvencionalnog
Unutradaje i srednie uho Srednja toza < 50 Gy RTOG 0226
e W u n u ||
Opticha narv Maks. doza < 54 Gy, Vo< 1% ATOG 0225
_ Masncssl  ouMTES rezima trakcionisanja

Retina Maks. tara < 50 Gy RTOG 0539
o Maks. 8022 < 50 Gy AT0G 0615, TG 0226

Srednfa doza < 35 Gy D o
OZro solivo Maks. doza < 25 Gy RT0OG 0615

Maks. gora < 7 Gy ) RTOG 0539
Glolis Seednia dora < 45 Gy RT0G 0226
Farngeainl konstrilori Seednja doza < 54 Gy Cagir HB, Tishlor RB, Othws M, ef al, Dose 10

V< 51%:V, < 60% Laryrix predets for swaliowing complicatons

aftor IMAT, int J Radiat Oncol Bio! Phys
7 2008,72(411110-8

Usna duplna Srednja don < 40 Gy RT0G 0615
Jark Maks doza < 55 Gy R10G 0225

Vo< 1%
Mandbus Maks. doza < 70 Gy RTOG 0225, RTOG 0615

V,‘< fom?
Tempcromandiuiarni 2060 Maks. doza < 60 Gy AT0G 0225, RTOG 0615

V,,ilcm’ -
‘Parotdra Nijezda Srednia doza < 26 Gy (odna parotidal; V,, < 50% RT0G 0912

(jzona parotida), V., < 20 cm’ {hije parotice)

Seednia oaza < 20 Gy (eona parotda), srednga doza < QUANTEC

56y iy parckin _— i

Jedmjak Srednja doza < 35 Gy ATOG 0020

Vo, < 15%:V, < 30% B
Srce Vo < 3%V, < 67T%V,, < 100% FTQ{ENH
Plta i Sredya dozs < 20 Gy RTOG 0623

Va< 37%
Butweg V,, < 33%; V,, < 67T%; V,, < 100% ATOG 0436

Seadni 0oza < 18 Gy, V,, < 20%: V,, < 30%;V,, <

32‘5;!,,_2?5‘& — OQUANTEC
Jetra V,, < 50%; V,, < 100% ATOG 04

Seednia Oza < 32 Gy {metastaze), Srednja dora < 28 QUANTES

Gy ipremarm| tumor jetre) T
Duodenum Maks, doza < 60 Gy Spolcng AC, Joe, KW, Vineberg K, et ol Potential

Ve<33% Tor dose-escalation and reduction of tisk in

pancreate cancer uang IMRT aptimization with
Jewcony aphuc oederning ang gEUD-based cost
Ianchong. Mod Phgs 007 J42) 521-9

Mileusni¢ D, et al. Radijaciona onkologija. Banja Luka,
2020



Radijaciona toksicnost

DeterministiCki efekti -
postoji odnos izmedju
absorbovane doze i
Izazvanog ostecenja

Stohasticki efekti - ne
postoji korelacija izmedju
absorbovane doze i indukcije
sekundarnog tumora

Deterministic effects

(Hair loss, cataract, skin injury, etc.)

When a number of people were exposed to the same
dose of radiation and certain symptoms appearin 1%
of them, said dose is considered to be the threshold
dose.

(2007 Recommendations of the International
Commission on Radiological Protection (ICRP))

n

Stochastic effects

(Cancer, leukemia, hereditary effects, etc.)

Effects of radiation exposure under certain doses are not
clear because effects of other cancer-promoting factors
such as smoking and drinking habits are too large.
However, the ICRP specifies the standards for
radiological protection for such low-dose exposures,
assuming that they may have some effects as well.

Threshold dose

A .
43 % Assuming that effects would
g i é’ appeardependingon dose
7] H 7]
- |e— 2 levels
o H o
@ [No effectsi o] -
i -
g Sl-~ Spontaneous
- - . .
‘G S incidence
= H =
0 T >| o >
Dose Dose

Assuming that there is
no threshold dose

Deterministic Effects (Tissue Reactions) and Stochastic Effects. Dostupno na:
https://mww.env.go.jp/en/chemi/rhm/basic-info/1st/03-01-04.html



Kriterijumi za procenu prisustva inteziteta
nezeljenih efekata lecenja

Common Terminology Criteria for Adverse Events (CTCAE)
(poslenja verzija 5.0)

Toxicity criteria of the Radiation Therapy Oncology Group
(RTOG) and the European Organization for Research and
Treatment of Cancer (EORTC)

Late Effects Normal Tissue Task Force (LENT)-Subjective,
Objective, Management, Analytic (SOMA) scales




Kombinovani modaliteti le€enja i radijaciona
toksichost

Hirurgija: povecava ucestalost

. . . .. Spatial Cooperation In-Field Cooperation
striktura, adhezija, dehiscencija,
. . No cooperation Molecular level
fistula, radionekroze l Mdaies wor lcr
independently Tissue leve!
Hemioterapija: najcesce ST S Ry

In-field (local) effects out-of-field (distel) effects control

potencira zeljene i nezeljene ;
efekte radloterap”e I Obrnuto, Radio-toxicities Chemotoxicities / y ::[ C’\

povecCava ucestalost i intenzitet bl Supra-additve | | o | [ infre-additive
akutnih i kasnih komplikacija A ——— R
radioterapije immanothorany e
Imunoterapija: brojni su @® Yumor

mehanizmi interakciju izmedu _\. ple b

ova dva modaliteta leCenja ( n— ‘3 ..-"

Hormonska terapija /\

Rallis KS, Lai Yau TH, Sideris M. Chemoradiotherapy in Cancer Treatment: Rationale and Clinical Applications. Anticancer Res. 2021 Jan;41(1):1-7.
Darragh LB, Oweida AJ, Karam SD. Overcoming Resistance to Combination Radiation-lmmunotherapy: A Focus on Contributing Pathways Within the Tumor
Microenvironment. Front Immunol 2019;9:3154.

9’7—1

Radiation
Therapy
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|

| Weeks |

Months | | Years

Initial
Response

Acute Phase

Chronic Phase

Initial Damage

Damage — Inflammation — Repair - Remodeling

Direct and

Indirect

Effects :

® Direct :
dsDNA and
ssDNA
breaks

® |ndirect via
ROS and
RNS

L Acute effects

« Tissue
proliferation

. Inflammation

=  Usually
reversible

Chronic effects

Fibrosis:
Proliferation of
surviving fibrocytes
by growth factors as
a result of injury

Vascular damage:
Small vessel dilation
or constriction

\

)/

=

Atrophy:
Loss of fibrocytes
and collagen
reabsorption

Infertility and
Secondary
malignancies

Mun, GI., Kim, S., Choi, E. et al. Pharmacology of natural radioprotectors. Arch. Pharm. Res. 41, 1033-1050 (2018).



Radijaciona toksicnhost

Mucositis

Management through analgesics,
oral hygiene, treatment of infections,
proton pump inhibitors (oesophagitis)
and maintenance of nutritional intake

Radiation dermatitis
Management through hydrating
ointments, topical steroids, no sun
exposure and, in severe cases, local
therapy as in burns

( Cystitis
Management through NSAIDs
for irritative voiding symptoms,
anticholinergics and/or antispasmodics
for cystitis or bladder spasm and
cranberry juice or urinary alkalizers
for dysuria and treatment of infections

N -
s )

P
]

7

Neurological
Management through corticoisteroids

8 {oedema) and anti-epileptic drugs

- of corticosteroids

Respiratory

J
e

-

Management through bronchodilatation,

treatment of infections and judicious use

/

~

Cardiac

Management through acetylsalicylic
acid and colchicine (acute effusion),
anti-arrhythmia drugs and treatment of
heart failure

f

S

Gastrointestinal

Management through appropriate diet,
anti-diarrhoea treatments and treatment
of infection and malabsorption

N\

De Ruysscher, D., Niedermann, G., Burnet, N.G. et al. Radiotherapy toxicity. Nat Rev Dis Primers 5, 13 (2019).



Nezeljeni efekti primene RT CNS-a

Akutne komplikacije (uzrokovane

indukovanim edemom,izmenjen
mentalni status, glavobolja, mucnina,
epi napadi ili znaci fokalnih neuroloskih
poremecaja)

Subakutne komplikacije (sindrom

somnolencije)
« Kasne komplikacije:

Fokalna radionekroza (<10%)
Difuzna leukoencefalopatija

NeurofizioloSka oStecenja —
poremecaj intelektualnih funkcija,

pad IQ
Cerebrovaskularne komplikacije

Sekundarni tumori CNS-a izazvani
radijacijom (< 3%)

« Radijaciona ostecenja oCnog sociva,
retine i optiCkog nerva

Slika dostupna na:
Side? At: https://healt
about-a-one-sided-hea

ut a Headache Only on One
.org/when-should-i-worry-



Radijaciona toksicnost nakon radioterapije
grudnog kosa

Radijacioni _pneumonitis 1 do 3
meseca nakon RT dozom koja
premasuje radiotoleranciju
zdravog pluc¢nog tkiva (oko 20 Gy
aplikovanih na celi volumen
pluca)

Fibroza plu¢nog parenhima
nastaje 1-2 godine nakon RT

Radijacioni perikarditis
Radijaciomi ezofaqitis
Mijelopatija
Radijaciona brahijalna
pleksopatija

Palmer JD, Zaorsky NG, Witek M, Lu B. Molecular markers to predict clinical outcome and radiation induced toxicity in lung cancer. J
Thorac Dis 2014;6(4):387-98.




Radiodermatis

Akutne reakcije na kozi su dozno-
zavisne:

- eritem
- pigmentacija
- epilacija

- suva deskvamacija
- vlazna deskavamacija

Kasne komplikacije:
- atrofija koze, lojnih i znojnih zlezda
teleangiektazije

. subkutana fibroza Bernier J, Russi EG, Homey B, et al. Management of radiation
i " : i ; ; dermatitis in patients receiving cetuximab and radiotherapy for
* Ind u ra_C IJa’ Zadele anJ e derm ISa | locally advanced squamous cell carcinoma of the head and neck:
Su bkutlsa proposals for a revised grading system and consensus

management guidelines. Ann Oncol 2011;22(10):2191-200.

radionekroza



Radijacioni mukozitis tokom radioterapije
respiratornih | gastrointestinalnih ograna

Aktuni radijacioni mukoazitis - se obiCno manifestuje nakon 10
frakcije

Rezultat je zraCenjem izazvani letalni efekat na bazalne celije
epitelijuma mukoze

Reakcije su reverzibilne, saniraju se nakon primene simptomatske
terapije.

U zavisnosti od inteziteta toksiCnosti, planira se pauza u RT
tretmanu.

Kasni radijacioni mukozitis (atrofija, smanjena elastiCnost, gubitak
ukusa, skleroza, ulceracije, disfagija)



Gastrointesntilana radijaciona toksicnost

Akutne

« Ezofagitis

» Enterokolitis

« Radijacioni proktitis
HroniCne

» Strikture

» Fibroza

« Ulceracije

« Adhezije creva

* Fistule

Radiation \

Electromagnetic wave

Energetic particle

voneipes Buzivo-uonN

(Adeiawygioped 10)) voneipes Burziuo)

‘. | - a
indirect effect

(s

o)
9: .00

\_:C N,

Direct effect

\ Protein J

- )
—_— v Ay_l, -’l:‘

I ROS

2

=y

.,

’J

b

Cell mutation or death

Chen G, Han Y, Zhang H, Tu W, Zhang S. Radiotherapy-Induced Digestive Injury: Diagnosis, Treatment and Mechanisms. Front Oncol.

2021;11:757973.



Genitourinarna radijaciona toksi¢nost

Akutna

« Cistitis

HroniCne

« Hronicni radijacioni cistitis
» Fibroza

» Ulceracije

* Fistule

Datrusoe muscle

Ureteral cpenings
Trigone
Neck of urinary biadder

Intemial uretfhral sphincter

Slika: Radiation cystitis. At: https://healthjade.net/radiation-cystitis/



Nezeljeni efekti radioterapije tumora
galve i vrata

Xerostomia

Tooth/root canies

Oral mucositis

Loss of taste
Fungal/bacterialfviral infections
Increased phlegm

Trismus

Osteoradionecrosis

Cancer Medicine, Volume: 6, Issue: 12, Pages: 2918-2931, First published: 25 October 2017, DOI: (10.1002/cam4.1221)



Akutni radijacioni parotitis

- Javlja sa tokom i radioterapije
glave i vrata

- Obzirom na radiosenzitivhost
parotide, ubrzo nakon
zapocinjanja radioterapije
javljaju se simptomi
kserostomije

Mouminah A, Borja AJ, Hancin EC, Chang YC, Werner TJ, Swisher-McClure S, Korostoff J, Alavi A, Revheim ME. 18F-FDG-PET/CT in radiation therapy-induced parotid gland inflammation.

Eur J Hybrid Imaging. 2020 Dec 1;4(1):22.



Radijaciona ostecenja srca i perikarda

Akutni eksudativni perikarditis

Kasna perikardijana efuzija
(tamponada srca)

Konstriktivni perikarditis

Pankarditis = kardiomiofibroza
(kardiomiopatija + konstrikcija
perikarda)

RADUATION o RADATION
HEAM BEAM

WITHOUT DIBH WITH DIBH + ALIGNRT

Left-Breast Cancer Patient’s Side Effect Risks. Dostupno na https://www.saferradiationtherapy.com/27-of-left-breast-cancer-patients-are-at-risk-of-having-
heart-damage/



Radijaciona mijelopatija

Akutna radijaciona mijelopatija -
do 3 meseca posle RT
Demijelinizacija kicmene mozdine
Kasna radijaciona mijelopatija -

mesecima | godinama nakon RT,
najcesce nakon latentnog perloda

Gottumukkala S, Srivastava U, Brocklehurst S, Mendel JT, Kumar K, Yu FF, Agarwal A, Shah BR, Vira S, Raj KM. Fundamentals of Radiation
Oncology for Treatment of Vertebral Metastases. Radiographics. 2021 Nov-Dec;41(7):2136-2156.



Radijaciona ostecenja jetre

SBRT ili konvencionalni rezimi leCenja

Ostecenja nastala ozraCivanjem primarnih ili sekundarnih tumora
OsStecenja jetre kao organa od rizika

U osnovi otecCenja venookulzivni poremecaj

Simptomi 4-8 nedelja nakon RT (hepatomegalija, ascites, skok
trasaminaza, ikterus, encefalopatija, bol u predelu desnog rebarnog

luka)

Radijaciono ostec¢enje jetre (Radiation-induced liver disease - RILD)
Ostecenje jetre nakon kombinovanog lecenja (Combined modality

Induced liver disease - CMILD)
Postiradijaciona fibroza

}E i N
Beam of ;; 3

radiation 4 |

@ ' Radiation beam
directed

__to tumour

Liver

Tumour

”\. Radiation dose
Slika dostupna na: https://www.cancercouncil.com.au/liver-cancer/treatment/radiotherapy/



Renalana radijaciona tokicnost

ionizing radiation radiation nephropathy

RAAS activation

vascular dysfunction
elI death
b .h

mﬂammatlon fibrosis —

: m"w DNA damage through ‘,
1 double-stranded breaks

senesoerce assocated
secretory phenotype

cellular senescence

Akutna ili hroni¢na radijaciona ostecenja bubrega
Reverzibilna ili ireverzibilna ostecenja

Klaus R, Niyazi M, Lange-Sperandio B. Radiation-induced kidney toxicity: molecular and cellular pathogenesis. Radiat Oncol 2021;16(1):43.



Radijacijona oste¢enja endokrinog sistema

HYPOTHALAMUS
{beass rzglon controfling e piruisey gland by CRH, ADH,
GH, GoRH, TRH,)

PINEAL GLAND
(mrelaticenn )

PITUITARY GLAND
5o y difte b soue of
which sftect other glseds by LH, FSH, ACTH, profacte, v

THYROID GLAND /

(aflects metabolism, mwoog other
ghings by T3, T4, and calcitoning //

/

PARATHYROIDS 4
(hedp regulase the level of calcinm
in the blood by pamthyroid hormone)

\ THYROID GLAND

ety motabolises, amomyg other
things by T3, T4, und caicitonin)

ADRENAL GLANDS PARATHYROIDS
(help trigper the Gight-or-flight (help roguline the Sevet of cakium
esp by coctisol, adrenabioe, in the hlood by parathyroed hormeae)
Areoakms and atd )

/

PANCREAS /

ADRENAL GLANDS
holp erigger the fight-oc-(lght

Cregulates the level of sugar by cortisol, sdrenal
n e blocd by Insulin, and glecagon) and
TESTIS \ PANCREAS

[§ male sex b

{regulates the fevel of sugne
I the blood by insulin, and glocsgon)

OVARY
{aecretes fomale sex dormones;
eshiagen, propssierone)

Bendarska-Czerwinska A, Zmarzty N, Morawiec E, Panfil A, Bry$ K, Czarniecka J, Ostenda A, Dziobek K, Sagan D, Boron D, Michalski P, Pallazo-
Michalska V, Grabarek BO. Endocrine disorders and fertility and pregnancy: An update. Front Endocrinol (Lausanne). 2023;13:970439.



HHS Public Access

4 Author manuscript

Clin Oncol (R Coll Radiol). Author manuscript; available in PMC 2020 October 14.

Published in final edited form as:
Clin Oncol (R Coll Radiof). 2019 March ; 31(3): 199-207. doi1:10.1016/5.clon.2019.01.002.

Pediatric Normal Tissue Effects in the Clinic (PENTEC): an
international collaboration to analyze normal tissue radiation
dose-volume-response relationships for pediatric cancer
patients

Louis S. Constine?, Cécile M. Ronckers®¢, Chia-Ho Hua®, Arthur Olch®, Leontien C. M.
Kremer®®, Andrew Jackson’, Soren M. Bentzen?

Highlights

* RT for pediatric cancer can cause long-term adverse normal tissue effects

* Radiation damage depends on the radiation dose and volume, and developmental status
* For some organs, chemotherapy can exacerbate the effects of radiation

*» PENTEC seeks to increase knowledge about pediatric RT dose constraints for organs

» Radiation dosimetric data should be precisely reported in pediatric RT studies



Radioterapijaska toksicnost u pedijatrijskoj
populaciji

Akutna toksicnost: eritem, mukozitis, nausea, diarea
Subakutna toksi¢nost
Jetra

Radijaciona hepatopatia moze se javiti 1-3meseca posle RT |
podrazumeva hepatomegaliju, ascit, trombocitopeniju i povisene
transaminaze.

Primena Actinomicina D posle zraCenja jetre je dodatni riziCni faktor
Plu¢a
Zavisi od doze i volumena pluca ukljucenog u RT polje

“Kupanje pluc¢a“ (Whole lung irradiation)- u okviru TBI, Wilms'tumor,
Ewing’'sarcoma

Radijacioni pneumonitis srednjeg stepena: suvi kasalj i blaga
dispnea

Interakcija izmedu HT lekova i zraCenja pluca; posebno treba
izbegavati primenu busulfana i RT plu¢a




Centralni nervni sistem

“Sindrom somnolencije” javlja se kod 50% dece,

6 nedelja posle kranijalne iradiacije i vezan za prolaznu
demielinizaciju

L’Hermitte’s sign se sastoji od elektricnih simptoma koji zrace duz
kicme prema ekstremitetima. Moze se javiti posle RT gornjeg
segmenta kicme (radioterapija medijastinuma kod HB)

U okviru prva 2 meseca posle RT tumora mozga, moze se javiti
prolazno pogorsanje neurolosSkih simptoma i znaka




e Centralni nervni sistem
Radionekroza

« Retko se javlja ispod doze od 60Gy, sa latentnim periodom od 6
meseci do 2 godine

« Direktan efekat na gliju

« kod 50% dece koja su imala intersticijalnu implantaciju koja se
primenjuje kod rekurentnih tumora mozga dece posle radikalne
transkutane RT

Nekrotiziraju¢a leukoencefalopatija

« Nakon kranijalne radiacije primene visoke doze metotreksata u
leCenju dece sa leukemijom. KliniCki se javlja ataksija, letargija,
epilepsija, spastiCnost i pareza.

Neuropsiholoski efekti

* Nizi 1Q, oSteCenje neurokognitivnih funkcija

» Ozbiljnost neuropsiholoskinh kasnih efekata korelira sa uzrastom
deteta

Bubrezi

« 2-3 godine posle radioterapije

* Ovaj rizik se povecava posle doze 15Gy na oba bubrega



Interakcija sa drugim vidovima lecenja

HT-RT Cesto prisutni u pedijatrijskim protokolima
HT-RT interakcija kompleksna i slabo razjasnjena

, Spatial cooperation” kada se HT i RT kombinuju da bi se ostvarila
njihova razliCita uloga u razliCitim anatomskim mestima

Pobosljanje terapijskog odnosa (therapeutic ratio)

PojacCanu reakcije koze i mukoze - RT posle primene aktinomicina D
(the ,recall phenomenon®)

PojacCanu toksi¢nosti na mokrac¢nu besiku posle primene
ciklofosfamida,

Pojacanu CNS toksicnost posle primene metotreksata, citosin
arabinoze ili busulfana

PojacCana toksicnost kostane srzi kod primene RT sirokim poljima i
mnogih mijelotoksicnih hemioterapijskinh agenasa

RT i antraciklina (doxorubicin) pojacana toksiCnost na strukturama
srca



* Hypothalamic-pituitary

Endokrini sistem
endacrinopathies
Nakon RT endokranijuma, vrata el

4 « Hypothyroid
adrenocorticotropin, Hypothyroidism

* Hyperthyroidism
precocious puberty, Hyperthyroidisr

Reproduktivni sistem Gonadotrop [ +Thyroid nodules
hypothalamic obesity) Y * Thyroid cancer
* Adrenocorticotropic

« Kod deCaka germinativni epitel je  hormane deiciency
vrlo senzitivan na niske doze
zracenja

* Diabetes mellitus

- Kod odraslih muskaraca, *The metaboli
prolazna oligospermija je videna "~
posle 2Gy, ali spori oporavak se |
moze javiti posle 2-5Gy b
« Kod devojCica Celije ovarijuma su e SV
isto senzitivne na RT. Posle 12Gy || Esnier
u 6 frakcija whole body irradiation

retko se moze ostvariti trudnoca \ S Sicr

« Growth failure
* Low BMD

* Fracture

* Osteoporosis

Rose S, Horne V, Howell J et al. Late endocrine effects of childhood cancer. Nat Rev Endocrinol 2016; 12:319-36.



Radioprotektori, mitigatori | terapija
radijacionih ostecenja
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@ Radioprotective strategies
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Radioprotection Mitigation Therapeutic

Mun, GI., Kim, S., Choi, E. et al. Pharmacology of natural radioprotectors. Arch. Pharm. Res. 41, 1033-1050 (2018).



Radioprotektori | mitigatori

H*, OH" , H, H,0*, H,0,

IL-1

| ROS scavenging \ iL-5
| iNOS
+ Free radical scavenging TNF-a
MMPs

DNA repair ‘ ‘ Anti-inflammation

« Interleukin-1
* Interleukin-6
TNF-alpha

*  Genomic instability
« DSB, SSB
+ GSH synthesis

Radioprotection

DSBs == ATM

v

Regeneration of Molecular targeting Chk2
hematopoietic cells b
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«  SCF (stem cell factor) . Bel2 P33
° = HSPs (Heat shock proteins) l

+  PPAR-y Apoptosis

Mun, GI., Kim, S., Choi, E. et al. Pharmacology of natural radioprotectors. Arch. Pharm. Res. 41, 1033-1050 (2018).



Tretman manifestacija radijacione toksicnosti

« Procena prisustva i intenziteta toksicnosti (definisanje gradusa)
» Definisanje tipa toksicnosti (akutna ili hroniCna)
* Analiza interakcije sa drugim terapijskim modalitetima leCenja

« Postupanje u zavisnosti od gradusa (pracenje u pojaCan nadzor
pacijenta, simptomatsko leCenje i nastavak RT, pauza u RT tremanu,
hospitalno leCenje komplikacija)

Redukcija inteziteta toksicnhosti
 Prventivhe mere

« Nacionalni i institucionalni protokoli za leCenje radijacione
toksiCnosti

« Evropski i svetski protokoli za leCenje radijacione toksiCnosti




HVALA NA PAZNJI!




