Specialne tehnike v radioterapiji

Racunalniska tomografija
(kliniéni aspekt)
doc. dr. Uros Smrdel dr. med.




/godovina

— 1917 Radonova transformacija

— 1937 Stefan Kaczmarz matematicni model za
priblizno resitev velikega sistema algebraicnih
enacb

— Godfrey Hounsfield adaptira tehniko algebraicne
rekonstrukcije za prvi CT skener
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/godovina

* Prvi CT skener 1971, Atkinson Morley Hospital




Tipl

e ,spiralni CT“

e tomografija z elektronskim zarkom
— ne vec od 2006

Detectors

Focus Coil

Electron Beam Deflection Coil X-Ray Beam

draga, vecja, hitrejsa




e CT s stetjem fotonov

— eksperimentalna (3 instalirane 2016)

— izboljsa signal, zniza odmerek, izboljsa resolucijo

— individualni
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Simulator

prehod iz planarne slike na 3D rekonstrukcijo
prehod v prvi polovici 80tih let
FDA odobreno konec 80tih

princip JE ENAK principu CT

— problem fiksacijskih pripomockov (large bore CT)
— resolucija mehkih tkiv

— kontrastno sredstvo




Fiksacija

e couch top CT vs Linac

* koordinatni sistem

* pozicioniranje izven centra FOV
e pozicioniranje pripomockov
znotraj simulatorja




Mehka tkiva

osnovna pomankljivost CT je pomanjkanje moznosti razloCevanja
med mehkimi tkivi brez kontrastnega sredstva
nekaj redkih podrocij, kjer je to manjsi problem: pljuca in mascevje
resitev kontrastno sredstvo
vpliv uporabe kontrastnega
sredstva pri simulaciji
na izracun doze:
— manj kot 1%
— zanemarljiv
(J Med Imaging Radiat Oncol. 2009) e G
niso zanemarljive reakcije

— alergija na jodno KS = =
* 70 % urtika in srbenje Tuke 2. Do Varintion Retween the i
. ponovna izpostavljenost 2,5 -44 % ‘

reakcij
Int J Angiol. 2013
— diabetiki - metformin




Klinicne indikacije za simulacijo brez CT

e Ce ni CT simulatorja vse!
e klasicni simulator ima prednost pri kostnih
zasevkih ko gre za paliativho RT— hitrost

— paliativha RT — VS vzame vec €asa, da pa boljsi
podatek o dozi
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CZS

e simulacija z CT z KS:
— kostne lezije?
— paliativna RT m cerebri
— pri MR simulaciji z KS????
e SRS?
* prim mozganski tu?

* meningeomi?




CT simulacija pri SRS/SRT

razen maske in debeline reza se postopek ne
razlikuje od klasicnhe simulacije

NUJNO ce MR starejsi od 7 dni KS
CT rezina zaradi DRR 1 mm!

psiholoski vidik maske odpade pri novih
maskah




Adaptivna RT

prilagajane obsevalnega nacrta spremenjenim
anatomskim in patoloskim razmeram

nacrtovane zaporedne simulacije
CBCT

adaptacija nacrta

— na novo

— avtomatska adaptacija
P27




Suresh R 2014

SBRT

pljuca, jetra, hrbtenica, pankreas

prostata?

Kang JI 2012

A4DCT
— posnetki v razlicnih fazah dihanja
— vrisujemo na?

— ITV — motion tracking — mid ekspiratory - ... *

fiksacija na pripravi?
porocanje ICRU

\ a.ﬁ» *
Y .

72 Y

Huo M 2017

Chhabra A 2015




TBI

CT ocena debeline torakalne stene
— pri odmerku na pljuca 12 Gy — fibroza
— Scitenje pljuc

— dodatek na torakalno steno z e-

* debelino stene ocenimo s CT

nacrtovanje obsevanja z e- na CT?

Mekdash H 2017 ‘~




eKang-Hyun Ahn, Bulent Aydogan 2020
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Hoeben BA et al 2021




Opustitev CT nacrtovanja

* Potrebno pridobiti elektronsko gostoto iz MR
slik
— Lahko atlas based (Gudur M et al 2014)
— Pridobljeno iz predhodnih slikanj

* Ni Se v splosni uporabi




Specialne tehnike v radioterapiji

Magnetna resonanca
(klinicni aspekt)
doc. dr. Uros Smrdel dr. med.




/godovina

e Paul C. Lauterbur 1971

e Raymond Damadian 1971 —tumorje in
normalno tkivo lahko razlikujemo z NMR

— ni primerno za prakticno rabo
* John Mallard prvi MR v
klini¢ni rabi =

NUCLEAR INDUCTION
APPARATUS & DISPLAY




Princip delovanja

* magnetno polje — poravna protone

* protoni (vodik v vodi) prejmejo eksicatijski
signal

e kontrast med tkivi je odvisen od tega kako
hitro se protoni vrnejo v ravnotezno stanje

http://teachmeanatomy.info




Uporaba

* Diagnostika
— morfologija
— funkcionalna diagnostika
* Terapija
— predvsem nacrtovanje RT
— Nacrtovanje stereotakticnih posegov




Sekvence

* T1 - v smeri magnetnega polja
e T2 —transverzalno na magnetno polje

https://en.wikipedia.org/wiki/MRI_pulse_sequence#T1_and_T2

Signal T1-weighted T2-weighted
» Fat
+ Subacute hemorrhage
= IMelanin = More water content,  as in edema, tumor, infarction, inflammation and
High « Protein-rich fluid! infection:
« Slowly flowing blood « Extracellularly located methemoglobin in subacute hemorrhage

Paramagnetic substances, such as gadolinium, manganese, copper
Cortical pseudolaminar necrosis

- Gray matter darker than white matter. White matter darker than grey matter

+ Bone + Bone

= Urine s Ajr

s CSF » Fat

s Al = Low proton density, as in calcification and fibrosis

+ More water content, as in edema, tumor, infarction, inflammation, infection, + Paramagnetic material, such as deoxyhemoglobin, intracelullar
hyperacute or chronic hemaorrhage methemoglobin, iron, ferritin, hemosiderin, melanin

Protein-rich fluid:

Low proton density as in calcification




A

* naceloma najbolj uporabna metoda
— prednost pred CT

* kontrast
* resolucija
* razlicnhe sekvence za razliche namene

— slabost pred CT

e pocCasha

e prakticno vedno paramagnetno kontrastno
sredstvo

— Vcasih lahko uporabimo T2 cube pri bolnikih z alergijo
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CZS

e RT
— pri zdravljenju prim mozganskih tumorjev obvezna
— zaradi pooprativnih sprememb v 72 urah po op

* Nevrokirurgija v LJ obicajno, MB vcasih
e LJ—cca 1 mesec po op simulator

— Nezanesljiva za oceno resekcije

— konturiranje
* na preoperativni MR in na pooperativhi MR
* odvisno od uporabljene sekvence




EORTC treatment volumes (EORTC
22981/22961, 26071/22072 (Centric),
26981-22981, and AVAglio trials)

Phase 1 (to 60 Gy in 30 fractions)

GTV = surgical resection cavity plus any
residual enhancing tumour (postcontrast

T1 weighted MRI scans).

CTV = GTV plus a margin of 2 cm*

PTV = CTV plus a margin of 3-5 mm

RTOG treatment volumes (RTOG 0525, 0825, 0913, and AVAglio

trials)

Phase 1 (to 46 Gy in 23 fractions)

GTV1 = surgical resection cavity plus any residual enhancing
tumour (postcontrast T1 weighted MRI scans) plus surrounding

oedema (hyperintensity on T2 or FLAIR MRI scans)

CTV1 = GTV1 plus a margin of 2 cm (if no surrounding ocedema is

present, the CTV is the contrast enhancing tumour plus 2.5 cm
PTV1 = CTV1 plus a margin of 3-5 mm
Phase 2 (14 Gy boost in 7 fractions)

GTV2 = surgical resection cavity plus any residual enhancing

tumour (postcontrast T1 weighted MRI scans)
CTV2 = GTV2 plus a margin of 2 cm

PTV2 = CTV2 plus a margin of 3-5 mm

Niyazi el al, Radiotherapy and Oncology, 2016




ORL

e osnova se vedno CT s KS
* klinicni pregled

* MR predvsem v pomoc pri brahlalnem pIetezu

in nekaterih OAR

Ying Sun et al, Radiotherapy
and Oncology, 2014




Torakalni organi

pljuca so na MR slabo pregledna

indikacija pri RT torakalne stene in nekaterih
mediastinalnih organov (T3 — T4 tumor pljuc)

torakalna hrbtenica

CT z KS superioren
— Razen pri paraspinalnih tumorjih

Sensakovic WF 2006
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e 7elodec?

Boldrini L et al 2019

e predvsem pri SBRT — nujno
* premiki — fiksacija da/ne




Prostata

Osnova je se vedno CT z KS
MR medenice, T1, T2, T1+ Gd
boljsa delineacija tumorja
boljsa delineacija OAR

MR nacrtovanje brez CT?

A

Litjens et al, Medical
Image Analysis, 2014




Ginekoloski raki

Osnova CT z KS
MR medenice, T1, T2, T1+ Gd

boljsi kontrast med tkivi — GTV
prizadetost bezgavk — MR vs

van der Heide et al, www.umcutrecht.nl




Rak danke

* MR nujna preiskava za zamejitev bolezni

e pri nacrtovanju RT ni nedvoumnih dokazov za
izboljSanje prezivetja razen pri postavitvi
stadija in zato prilagoditvi terapije




Tumorji mehkih tkiv

MR simulacija pri predoperativni RT

* pooperativna RT: preoperativhi MR +
pooperativhi MR e sum na makroskopski

ostanek (mikroskopski na histologiji ?)_

* ev. skip metastaze




MR v RT

Nujna je fuzija slikovnih preiskav
Razlicni algoritmi

Prilagoditev MR za simulator
SRS — Ljubljana tuljave ne omogocajo maske
MR za izracun elektronske gostote




Zakljueki

» V predelih medenice, CZS..., je MR osnovna
preiskava, ki omogoca izboljSanje natancnosti

* Ponekod inferiorna drugim slikovnim
metodam (pljuca)




Specialne tehnike v radioterapiji

Pozitronska emisijska tomografija
(kliniCni aspekt)
doc. dr. Uros Smrdel dr. med.
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— David Townsend (univerza v Pittsburgu) in Ronald
Nutt (CPS Innovations, Knoxville)

— prvi klinicni skener 1998
— prvi komercialni sistem 2001




Princip

* 3+ razpad

— proton se spremeni v nevtron in odda pozitron in
nevtrino

— interakcija z elektronom

— anihilacija — nastaneta 2 fotona, ki se gibata v
nasprotni smeri

Y-Ray
E=511ke\

*0 Fasitron

https://sureshemre.wordpress.com/2014/06/28/on-the-photon-frequency-2/

— detekcija, rekonstrukcija




PET

* |Informacija o tkivnem metabolizmu

» 8Fluoro deoksi glukoza najpogosteje
uporabljan tracer

— privzem v tkivo proporcionalno z stopnjo glikolize
(povecana v neoplasticnem tkivu)

— vendar tudi v nekaterih normalnih tkivih
(sublingvalne slinavke, Waldajerjev obroc, misice,
rjavo mascevje, mozgani — skoraj ekskluzivno
metablizem glukoze)




PET

e v predelu CZS zaradi visokega metabolizma
glukoze drugi ligandi (tudi drugi radionuklidi)

— 11C Metionin — metabolizem proteinov

— 18Flueroetil-L-Tirozin — FET — metabolizem
proteinov

|"*F]FDOPA First introduced for the diagnosis of [25-33]
Parkinson's disease. Now, also used in
neuroendocrine tumour imaging.

|*'C]Methionine Authentic tracer (no structural [30,33-42)
alteration). Short half-life. Mainly used
in brain tumour imaging.

| **F|FET Longer-lived alternative to [30.37.43-46)
|*'C]methionine. Discussed to be able
to distin guish between in! flammation
and residual tumour tissue.

[*'clamMT Used only in clinical trials so far. [47-51]

Wadsak W, Mitterhauser M. European Journal of Radiology 2010




PET

* Galijev PET scan DOTATATE

— Nevroendokrini tumorji

— Recidivhi meningeomi

*

%0 _seo0e
o o000

Meningioma/ Post-Tx-Change/
SSS SSS

Ivanidze J et al 2019




Znacilnosti radiofarmakov za PET

 radionuklid + nosilna molekula

Wadsak W 2010

— nosilna molekula

* receptorski sistem

* antigeni

* encimi
transportni mehanizmi
metabolicne spremembe (energija, tvorba proteinov)
hipoksija
vaskularizacija in perfuzija




Znacilnosti radiofarmakov za PET

— radionuklid
* nuklidi, ki izsevajo pozitrone
e kratek razpolovni Cas

— samo 18 F in ®8 Ga ¢e ni ciklotrona

 oznhacitev noslica z radionuklidom

— vec vrst oznacevanja
- -
 direktno v molekuli

e preko dodatnih poti

Wadsak W, Mitterhauser M. European Journal of Radiology 2010




Protokol preiskave

TopOgraT

?

Erission scan Comrected PET images
Fig. 3. Examisation PETACT peotocol Fellowing the adminiscration of the FET radiopharmacen-  patient is moved 5o the fekd-of. view of the FET, when smiuson sanaing commences)
il (inchlisg e wpake time], the patiest o positoned on the scanner bed, and a wpogram.  ages can be need for CT-based quanticstive corrections of the FET emimson data. At th

scan {overview) B aoguired 1o determise the rasge of the PET/CT examsnation (1), Subsequent  combimed examination, oo-regisered CT and correcied PET images ane availshie (o €
CT dumn are typically soguired in spiral mode (1). Afser the completon of the CT enamination, the  can be vorwed in fused mode, or separaiely

Peter Oehr, Hans-Jiirgen Biersack, R. PET and PET-CT in Oncology




Uporaba

* Diagnostika

— tumorji

— vnetje

— metabolizem (npr. kardiologija, nevrologija)
e Spremljanje ucinka

— po KT, RT...
 Nacrtovanje zdravljenja




Nacrtovanje RT z PET CT

e posebej pri slabo omejenih tarcah
— |AEA report 2006 — 2007/

* lezije, ki niso ocitne na CT ali MR
* izogib tkivom brez tumorja (atelektaza)
* radiokemoterapija
e adaptivna terapija
— dodatno

* IMRT z diferentnimi odmerki (dose painting/dose
sculpting) (Ling CC et al. JROBP 2000)




Pljucni rak

* najvec raziskav

— Nestle et al, uporaba PET CT vpliva na GTV, CTV,
PTV

* predvsem zaradi bezgavk

* manjsi volumen pri atelektazi

b

Sharma P et al, SAJC 2013

oncohemakey.com




ORL

Deisner et al, GTV se najbolj pribliza realnemu
stanju pri uporabi PET CT

Burri et al, SUV 40% maksimalnega je najboljsi

priblizek
Greven et al, adaptivna RT glede na PET CT?

18Fluoromisonidazol in 18Fluoroazomicin-
arabinozid kot markerja hipoksije

Zlati standard je Se vedno klinicni pregled




Poziralnik

e vpliv na delineacijo pri od 20 — 94% bolnikov
(Muijs et al)

* delineacija na PET CT zmanjsa napake pri
vrisovanju pri 30 — 60% bolnikov (Leong et al,
Schreurs et al)

e avtomatske in na pol avtomatske metode
vrisovanja — NE SE (Muijs et al)




Maternicni vrat

e Zlati standard je MR

e Esthappan et al, PET CT vodena IMRT na

paraaortno regijo z boostom na PET pozitiven
ostanek

e Kidd et al, manj toksicnih efektov po
nacrtovanju z PET CT (6% vs 17% Glll ali vec)




Prostata

PET CT nacrtovano obsevanje je studijska
metoda

— drugi tracerji (FDG slabse obcutljiv)
o LC-Acetat
* 18F-FACBC
e 11Cin 18F-Holin
— vprasanje je obsevanje radiolosko negativnih
bezgavk (RTOG 0924, RTOG 0534, NCT00567580)




Prostata

Vec raziskav glede uporabe Cals s et a 2018

Author Year PET/CT Probe  Median PSA (range) n PET + % PET + 3‘;{;‘:‘"({,2)
Wirschmidt 2011 18F.Choline 10.4 (2.5-731) 7 7 100% 28.50%
Vees 2012 '8F.Choline 30.5 (6.4-66.5) 19 NA NA 22%
Jereczek-Fossa 2014 1C.Choline NA 16 NA NA 12.50%
Garcia 2015 11C-Choline (6.3-30.4) 61 61 100% 24.50%
Lopez 2015 "1C-Choline 18.18 (4.90-55.40) 9 NA NA 44%
Alongi 2015 18F.Choline 6.5 (4.1-143) 60 57 95% 21.60%
Sterzing 2016 62Ga-PSMA 7.04 (0.28-45) 15 9 60% 26.50%
Dewes 2016 8Ga-PSMA 13.5(8.2-63.9) 15 15 100% 33.30%
Schreibmann 2016 '8F.FACBC 0.43 (0.02-11.15) 41 32 78% 73%
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Prostata

e Subklinicni recidivi
 Boost glede na PET CT
e SBRT solitarnih zasevkov

\ 4

Calais et al, Journal of -]
Nuclear Medicine, ' "
2018 N
& .

\d
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CZS

 FDG PET CT ima omejeno uporabnost

— visok metabolizem glukoze v mozganih

e glukoza je edini vir energije
— alternativa je aminokislinski PET CT

e zlati standard 1Cmet

— razpolovni ¢as 20 minut = ciklotron v ustanovi

e alternativa 1'Cmet je FET
— 18F kot pri FDG




Y d

CZS

* Nizko maligni gliomi

— PET za razmejitev infiltracije od edema \

Stadlbauer et al, jnm
2011

* Visoko maligni gliomi

— pred ev reiradiacijo za razmejitev od poobsevalnih
sprememb

e zasevki

— po SRS ob progresu za razlikovanje od
radionekroze

Sharma et al, ijnm 2016
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CZS

* Meningeomi PET CT DOTATATE

— Preoperativno

— Ocena radikalnosti resekcije
e Pomembno WHO G Il (RT da ali ne)

S Relaps po RT Ivanidze J et al 2019

e Relaps znotraj polja = omejen odmerk pri RT

 DOTATATE korelira z izrazanjem somatostatinskih
receptorjev

e Tarcno zdravljenje s somatostatinskimi analogi?




Prospective Studies (n = 5)

Chamberlain, 2007,

Partial radiological

Octreotide scintigraphy

16 WHO grade 1, 2, and 3 Sandostatin LAR im PFS-6 *: 44% i . Minimal toxicity
USA [36] response: 31% of patients positive -
Graillon, 2020, France Everolimus po + Anti-tumor activity (3D SSTR2a detected in most Stomatitis in 55% of patients,

20 WHO grade 1, 2,and 3 ) . PFS-6: 55% . . ) . . .
[40] octreotide LAR im tumor growth rate) patients using IHC discontinuations of two patients

Mild adverse effects:

Johnson, 2011, USA i . )
[32] 11 WHO grade 1, 2, and 3 Octreotide sc None None SSTR status partly known diarrhea, nausea, anorexia,
T transaminitis
Norden, 2015, USA WHO grade 1: 50% High octreotide

34 WHO grade 1,2, and 3 Pasireotide LAR im 2 ? None 2 Treatment well tolerated
[38] WHO grade 2 + 3: 17% uptake

. ) ) Positive octreotide SPECT .
Simé, 2014, Spain [39] 9 WHO grade 2 and 3 Octreotide im PFS-6: 44.4% None scanning Minimal toxicity reported
o
Retrospective Studies (n = 3) » SR, View PDF
) . No difference in survival when .
Cardona, 2019, 15 received Octreotide + i . i Confirmed overexpression of i
i z WHO grade 2 or 3 : comparing everolimus * octreotide, Not reported Fatigue and oedema
Colombia [33] octreotide everolimus e SSTR2
and sunitinib
. 9 received : No reduction in
Furtner, 2016, Austria . Somatostatin -
[34] somatostatin WHO grade 2 and 3 analo Not reported peritumoral edema or SSTR status not reported Not reported
6 analog J tumor size
) PFS-6 *: 60%,

Le Van, 2021, France Everolimus + . SSTR status not

8 WHO grade 1, 2,and 3 combination of Not reported Not reported

[35]

octreotide

octreotide + everolimus

reported

* Progression-Free Survival at 6 months. Abbreviations: subcutaneous (sc), intramuscular (im), per oral (po), long-acting release (LAR), immunchistochemistry (IHC).

4, Conclusions

In conclusion, various efficacy of somatostatin analogs is reported by the included studies. None of
the studies are randomized or controlled, and the overall quality of evidence is low. Further, the lack

of standardized endpoints, imaging protocols and heterogenous case selection, and variation in

drugs and doses limit the comparison of results across studies. In any case, the reported side effects
of somatostatin analogs are sparse and well-known from other patient groups. Given the possible

effect observed in some studies, somatostatin analogs may present a safe last-option treatment in

severely ill patients with treatment-refractory meningiomas. However, only a properly controlled

study, preferably a RCT study could clarify the efficacy on somatostatin analogs. Also, detection of

potential treatment effects may perhaps be easier if done in a treatment-naive and not a treatment-

refractory clinical setting.

Tollefsen SE et al 2023




Zakljucek

PET CT v razlicnih oblikah prihaja v radioterapijo

DG je zlati standard ekstrakranialno (razen pri
orostati)

e aminokislinski PET intrakranialno
e Kdajin kje standard?
Povezave:

http://www.eanm.org/publications/guidelines/PET_in_Radiotherapy_Planning.pdf
http://www.eanm.org/content-eanm/uploads/2016/11/gl_PET-CT_Radiotherapy_Planning_Part_3.pdf
https://www-pub.iaea.org/MTCD/Publications/PDF/te_1603_ web.pdf




Specialne tehnike v radioterapiji

Registracija medicinskih slik
doc. dr. Uros Smrdel dr. med.




Slikanja, ki se uporabljajo v RT

Planarna RTG slika
aksialni CT

MR

PET-CT

Uz

Funkcionalni MR
4D CT




* Pravilna razporeditev doze je mozna samo cCe
je planirna slika posnetek bolnikove anatomije

in patologije v daljsem opazovanem obdobju
(Seungjong Oh, Siyong Kim, Radiat Oncol J. 2017)

» Registracija slik je nacin kako najti prostorsko
ujemanje med dvema ali veCimi slikovnimi
preiskavami

* F(x) = M(T(x)) = M(x" + u(x’))

— F(x): fiksni set, M(x): premicni set, T(x'): transformacija, ki zmanjsa razliko med
F(x) in M(T(x')), x': pozicijski vektor gibljive slike, u(x'): vektor premika




e 2 skupini registracij

— Rigidna registracija

e vsi piksli (voksli) se premikajo in rotirajo enako

e odnos med piksli (voksli) je pred in po registraciji enak
— Nerigidna (deformabilna) registracija

e odnosi med piksli (voksli) registrirane slike se po
registraciji spremenijo
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Rigaud B et al 2017




@ Visual criteria

Overlay

Checkerboard

® Delineation scores

IANB|

IAUB|

® Landmarks

Fixed image

Deformation
vector field

Landmark

Absolute difference

DSC = 2x LI
|| + |B]
JACCARD = 2x 14 n5|
~ "Tlalv B
OVERLAP = 1A B
min (|A|, |B])
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VeC metod deformabilne registracije

— Demons algoritem

* Izracunan premik vsakega voksla, minimizira razliko v
intenziteti — optimiziran za iste metode — CT-CT

— ,Prosta“ deformacija
* Set kontrolnih tock, ki se vektorsko preoblikujejo
— Deformacija prek izstopajocih tock

 Geometrijska metoda, posebej uporabna npr. Pri CT-MR
registraciji

— Biomehaicni model

e Uposteva Hookov zakon in obravnava mehka tkiva kot
elasticen material

— Hibridna registracija

e Zdruzuje prej opisane metode




* Vse metodo potrebujejo verifikacijo

— Vizualna

— Primerjava segmentov

— |zraCun tockovnih napak

— IzraCun deformacije vektorskih polj

— Deformabilni fantomi

Rigaud et al Acta oncologica 2017




* Najenostavnejsa

— kjer ne pricakujemo sprememb v anatomiji
e primer CT — MR glava

* algoritem je odvisen od nacrtovalnega sistema
— Monaco — kvazi 3D (nova verzija 3D, tudi ne rigidna)
— Eclipse — 3D (naceloma tudi ne rigidna)
— BrainLab — 3D (naceloma tudi ne rigidna)




Primer: CZS

 Monaco: registracija pri RT mozganskega
tumorja

— posebnost sistema je, da Monaco obravnava
volumne kot vektorske slike

— nujne so aksialne rezine
— mozna rotacija do 15°
— 3D sekvenca zaobide omejitve
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Primer: CZS

* Eclipse: registracija pri RT mozganskega
tumorja
— volumni obravnavani kot rastrske slike
— lahko tudi sagitalne in koronalne ravnine

 vrisovanje na aksialnih slikah, je pa tudi mozno v
koronarni in sagitalni ravnini

— 3D sekvenca zaobide omejitve
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Primer CZS

* primer registracije slik je tudi portalno slikanje
* rigidna transformacija, kjer pridobis podatke

HeadNeck, Nick 1D: 00IGRT21 2D /2D Match
1SO_AP.DRR1 - ISO_AP . 10/14/2008 13:18 -0 de 0

8
&

w g 3

Varian Medical Systems




Primer CZS

 podobno kot pri portalnem slikanju

* rigidna transformacija — premik

¢

Ji

0




Primer CZS

* pri radiokirurgiji arteriovenskih malformacij
— planarna slika DSA ol o R
— planirni CT gon\ 00 e\ |55 :
— problem distorzije — distorzijska

Coste E et al, IJROBP 2001

— MRA brez DSA?

Bostrom J et al, Radiation Oncology 2013 H T




Primer CZS

Parameter Set Smroel Urod v @

Extendd Range

Intensty

HyperArc

— Rigidna

— deformabilna
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Primer CZS

Bolj kot metodi podobni lazja je registracija

— CT-portalna slika samo vecji premiki

— CT-MR problem signala tkiv manjsi pa glede na
sivine

— CT-FETPET v RT uporaba FETPET seta z ze
opravljeno registracijo z diagnosticnim Ctjem

e Registracija je odlicna, datoteke so velike




ORL

e za razliko od CZS, rigidna transformacija manj
primerna

— problem nastavitve bolnika pri razlicnih
modalitetah ' |

 MRI simulator + CT simulator o 5
e PET-CT simulator :

° elastlén 3 tra nSfOFmaCija Obeidat M et al, Biomedical Physics & Engineering Express 2016

Anderson CM et al, Jacobs Journal of Radiation Oncology 2014
C

Mott SL 2014




Najpogosteje pri uporabi PET

— Rigidna registracija napake do 11 mm brez
imobilizacije

— Z nerigidno registracijo so napake do velikostnega
reda 5 mm




Medenica

e stevilne kostne strukture — omogocajo fuzijo
kost — kost

* organi v medenice se premikajo glede na:
— polnjenost mehurja

— polnjenost rektuma
— obicajni premiki




—

* implantacija markerjev 7 ( g | l o

— fuzija na markerje in CBCT" e +7
ne na kosti oS | anm .

. s -4 P : s https://www.mygenesishealth.com/treatment-options/genesis-
¢ e n a kl fl Z I O I OS kl pOgOJ I prostate-cancer-center/images/figures.htm

*

— pitje tekocin, dieta...
@

Yitta et al, research gate




Medenica

Bladder -
Prostate —_

Urethra —

Original Position of Prostate during
treatment planning

) Planned treatment area

3

Bladder - Rectum
Prostate

Urethra —

Without tracking prostate movement, there
can be unwanted radiation to healthy tissue

Planned treatment area

Unwanted radiation to
rectum and bladder

2

Bladder - Rectum

Prostate —__

Urethra —

Movement of anatomy
during treatment

4

Bladder Rectum

Prostate —__

Urethra -

CyberKnife adjusts to movement
of the anatomy, keeping the radiation
only on the intended target

) Adjusted treatment area

Alaska CyberKnife Center 2017




Sacittal




Medenica
e &

Yae Hun S, Radiotherapy and Oncology 2004




Jetra

e jetra so organ, kjer je prisotno premikanje v
dihalnem ciklusu

e resitev:
— kompresija
— fuzija z implantiranimi marker;ji

Mendez Romero A et al, Best Practice & Research Clinical
Gastroenterology 2016




Hrbtenica

4
i

&
Y B
L
“m.\

http://digitalimaginggroup.ca/ispine/spine_image_fusion.html

* sicer se ne premika

e se pa pri razlicnih slikanjih ukrivljenost
spreminja
— elasticna fuzija
— MRI simulacija




Hrbtenica

 Vretenca NISO deformabilna
e Mehka tkiva SO deformabilna

* Edino BrainLab uposteva to dejstv




Specialne tehnike v radioterapiji

Slikovno vodena radioterapija
(prakticni pogled)
doc. dr. Uros Smrdel dr. med.




Definicije

Image-guided radiation therapy (IGRT) is the use of imaging during radiation
therapy to improve the precision and accuracy of treatment delivery
(www.radiologyinfo.org)

Image guided radiotherapy (IGRT) is a type of conformal radiotherapy. Conformal
radiotherapy can shape the radiotherapy beams around the area of the cancer.
(www.cancerresearchuk.org)

Image-Guided Radiation Therapy (IGRT) refers to the use of imaging, usually CT
scans and X rays, to help precisely target the cancer with radiation therapy
(www.targetingcancer.com.au)

Image-guided radiation therapy (IGRT) is the process of frequent two and three-
dimensional imaging, during a course of radiation treatment, used to direct
radiation therapy utilizing the imaging coordinates of the actual radiation
treatment plan (http://advancedradiationcenters.com)

Vse definicij drzijo vsaka pove samo malo




* RT razvojno povezana s slikovnimi metodami

* 3D metode (diagnostika, konturiranje, izracun)
» prileganje doze tarci

* |[ntegracija slikovnih metod v obsevalni prostor
Zmanjsanje nesigurnosti

IGRT je nujen in naraven del vsakega
natancnega obsevanja v radioterapiji




Problemi

Potratno z resursi
Dodatna doza zaradi slikanja
AMPAK
Natancnost = znizanje doze na zdrava tkiva

Posledicno dvig TD
— Izboljsan terapevtski indeks
— Vec ozdravljenih z manj stranskimi ucinki

Prihranek za zavarovalnico




KDAJ

* 3D-CRT?, IMRT, SRS/SRT, SBRT, VMAT!
— Tudi 3D-CRT, Ce zaradi tega intervencija

— Ostale tehnike so oc

7

.‘-‘:!"-\\

ﬂ?

‘r.!’ ;' .‘___.f 2 “f i I
| Head & Neck Cancer

% ' : ,

I GynaecCancer |

Breast Cancer

visne od IGRT

Parasplnal Cancer

https://www.geetanjalihospital.co.in/oncology/treatment- radlat|on -oncology




3 nujni koraki

Slikanje

Registracija
Analiza
AN

Intervencija (Ce potrebna)

— Strategije za ukrepanje




Diagnosss

. PLANNING

Target Volume
Delineabon

Dose planning

'Y

>

L4

Reference Imaging &

- - - s
etc

TREATMENT DELIVERY

) Acquwe
Delivery of : ; Evaluate validity Match with Sasknenl
treatment . E In room Imaging .
. ermors of matching reference mages images/info

fraction

Repeal as required

, COMPLETE
| — PLANNED

TREATMENT

Gupta T, Anand Narayan C., J Med Phys. 2012




Altnbd $
Technical performance

Feasibdlity

Safety

Clinical efficacy

Out

Set-up error

Intra-fraction organ motion
Inter-fraction organ motior
Patient compliance

Leaming curve

Cost

Acule adverse event /loxiCily
Late adverse event/toxicity
Surrogate outcomes

* Tumor response

= Local control
Secondary outcomes

*  Disease-ree survival

*  Quality of life

Primary outcomes

* Disease-specific survival
»  Overall survival

Resuits

Can be quantified and minimized
Early data, needs further validation
Can be quantified and corrected
Fair

Steep

Expensive

Significant reduction

Data not mature

Significant improvement in selected tumors (prostate,
head-neck)

Significant positive impact on quality of life in most sites

No robust data as yet

Gupta T, Anand Narayan C., J Med Phys. 2012




Tehnike

e Stevilo dimenzij

 Modaliteta
— Gama
ol \AY
— kV
— CBCT
— MR
— U/Z

Basran PS 2015




CEIMEINEUIE

V realnosti zacetek IGRT
Casovno poZreéna

Ni on line

Natancnost slaba

Najde velika odstopanja
Pod 0,5 cm???

Theseh-.' portal localization r dng.rn:ph uHh che anterior oblique prqec:on wlh
shaping blocks in place, mode ot & M) show the differe mage gquality using a conventional
direct expesure scree Hlm mln ation [left] and the Koda kEEI.f'Im syshemn [right}.

http://www.cancernetwork.com 1997

Frascino V et al 2013




MYV portalno slikanje

Jasen napredek od gamagrafije
Realnocasovno

Resolucija slabsa

Kontrast obicajno boljsi

Registracija boljsa
Odvisno od proizvajalca

Gill S et al 2012




KV portalno slikanje

Realno casovno

zboljsanje resolucije

zboljSanje kontrasta

Avtomatiziran izracun (Cyberknife),
polavtomatski (Varian, Elekta, BrainlLab

Treatment Verification: Portal Imaging

Whole Brain DRF




Ingram | 2021

Cicalese V et al 2019




CBCT

e Zacetki CT v RT =CT on rails

itn 2009




Rotational axis

e

Detector

Conical beam

\

\

Beam source

https://en.wikipedia.org/wiki/File:Cone_Beam_CT_principle.png




Morin O et al 2006




Oslo University Hospital Research




Source; Expert Rev Anticancer Ther @ 2009 Expert Reviews Lid




CBCT

e Seveda je resolucija slabsa kot obicajen CT
* Realnocasovna registracija

e Sistem

Position Error Table Correction
Translation (cm) Rotation (dg)

Lateral
Longitudinal
Vertical

Ingrosso G 2012




CBCT

—_

FoV
Filtri
Kolizija vs in room

=

kvaliteta

Hitrost rotacije VRISt

Ergonomija cena




2017 predstavljen 2017 Michigan operativen?

https://radonc.wustl.edu/department-of-radiation-oncology-to-install-

Casey B, Rebekah M 2017 Y
new-mridian-linac-system/




Uz

e UZvodena RT

— predvsem medenica in jetra, dojka?
— kot pri registraciji problem subjektivnost

— razmeroma poceni
— LINAC f ° .

il
- iy
" \
i a
i
1

Scanning Prone

Device I Boarrd

http://medicalphysicsweb.org/cws/article/research/66355

Sen et al., Frontiers in Robotics and Al, 2016




Ostale dileme

Orodja za analizo
Translacije, rotacije

— 6D miza, ....

Registracija

Mehanske omejitve aparata

Finance
— tehnologija
— osebje




Specialne tehnike v radioterapiji

Adaptivna radioterapija
(kliniéni aspekt)
doc. dr. Uros Smrdel dr. med.




ADAPTIVNA RT

Cilj adaptivne radioterapije je prilagoditi
obsevalni nacrt vsakega bolnika na za bolnika
specificne spremembe z oceno in karakterizacijo
nakljucnih in sistematicnih sprememb povratno

informacijo preko slik in jih vkljuciti v adaptivno
nacrtovanje.

Seminars in Radiation Oncology, 2005




ADAPTIVNA RT

Yan D, Vicini F, Wong J, Martinez A. Adaptive radiation therapy. Phys Med
Biol. 1997 Jan;42(1):123-32

Adaptive radiation therapy is a closed-loop radiation treatment process where the treatment plan can be modified using a systematic
feedback of measurements. Adaptive radiation therapy intends to improve radiation treatment by systematically monitoring treatment
variations and incorporating them to re-optimize the treatment plan early on during the course of treatment. In this process, field
margin and treatment dose can be routinely customized to each individual patient to achieve a safe dose escalation.




* |GRT

— premik bolnika brez spremembe nacrta obsevanja

* ART

— vkljuCuje spremembo osnovnega nacrta obsevanja
tako zarkovnih snopov kot intenzitete

— predvsem na racun notranjih anatomskih
sprememb med potekom obsevanja




PROCES ADAPTIVNEGA NACRTOVANJA

nacrtovanje
slikovne metode pred terapijo

registracija in popravki

adaptivni preplan




iADAPTIVNA RT

{ ADAPTACIIA PREMIKOV ‘ BIOLOSKO ADAPTIVNA CASOVNO ADAPTIVNA

‘ radr drsva

| MORFOLOSKE SPREMEMBE PREMIKANIE

interfrake




ADAPTIVNA RT

* spremembe
— velikost in oblika tumorija
* regres (vrat, retroperitonej), povecanje ciste...
— bolnikove geometrije
* hujsanje, zmanjsanje edema
— OAR

* neenakomerna polnjenost, atrofija med RT...

— bioloske spremembe

* nova mesta privzema izotopa, hipoksija




ADAPTIVNA RT

Baseline: Fraction0/35 |

sprememba geometrije - tumor

Morgan HE 2010




ADAPTIVNA RT

povprecni CTV

sprememba obsevalnega nacrta zaradi premikanja organov




Patent #1. Simulation CT

prostata

nizek o/B < 2
spremembe niso
povezane z tu

premikanje
organov

Panent 21, Treamment day MVCT

Kupelian PA et al 2008

Patient #2. Treamment dav MVCT




PRIMER - PROSTATA

zacetni plan adaptivni plan

N I S S SN

slikanje N dni tedensko spremljanje
A

! }"Q,,’\.ﬂ'_ |

ADAPTIVE RADIOTHERAPY FOR PROSTATE CANCER USING KILOVOLTAGE
CONE-BEAM COMPUTED TOMOGRAPHY: FIRST CLINICAL RESULTS

Jasper Nukampe, M.Sc., Fuoris 1. Pos, M.D., Pu.D., Toxns T. Nuver, Pu.D.,
RIANNE DE JONG, R.T.T., PETER REMEDER, PH.D., JAN-JAKOB SONKE, Pu.D.,
AND Joos V. LeEBesQue, M.D., Pu.D.




]
Lurnng treatment

ORL — regres tumorske mase med RT

Schwartz DL et al 2010




ADAPTIVNA RT

Accumulated dose for target during treatment
>>difference with PO

= CTVsd - D99%
GTVpet - D99%

without ART
s with ART

>
e
o
[0
o
0 o0s
<

! , from: Subrata Roy
20 2019

15
fraction

s prilagoditvijo obsevalnega nacrta dosezemo visji odmerek na tumor




ADAPTIVNA RT

Bhide SA et al 2010




ADAPTIVNA RT
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Sprememba volumna parotide med RT

Bhide SA et al 2010




BIOLOSKI MONITORING?

_ . nacrtovanje
slikovnhe metode pred terapijo

¥

— '/'&, -3y

-

slikanje na aparatu registracija in popravki
spremljanje
bioloskega
odgovora

adaptivni preplan




BIOLOSKI MONITORING

* Aerts s sodelavci 2009, Radiother oncol

— PET-CT ostanek po RT — sovpada z metabolicho
najbolj aktivhim podrocjem tumorja pred RT

— slabse prezivetje

— resitev spremljanje metabolicne aktivnosti in
boost?

e problem specificnost




BiGART = (Biology Guided ART)

Molekularno profiliranje ¢ Markerji
— hipoksija — BF-FAZA, 8F-HX4

proliferacija — 18F-FLT, 11CMet, Holin
apoptoza — Annexin V
angiogeneza — 18F Galacto-RGD

— receptorski status — 18F-FES

Muramaki, Boers, Beer,...




Cu-ATSM MMP

Metabolism Proliferation Hypoxia Angiogenesis

Apisanthanrax, Rad. Res. 163, 2005




SPREMEMBA PLANA

i

Obsevalni
nacrt

' i
simulacija

o "

Offline prilagoditev Online prilacditev

Realnocasovna

prilagoi:tev

minute

obsevanje

slika _[

sekunde

naért - Ji

sekunde

' obsevanje QN

'h- -

avtomatizacijal




prostata
ORL
pljuca

colli uteri
mehur




QUANTIFICATION OF VOLUMETRIC AND GEOMETRIC CHANGES
OCCURRING DURING FRACTIONATED RADIOTHERAPY FOR HEAD-AND
NECK CANCER USING AN INTEGRATED CTI/LINEAR ACCELERATOR
SYSTEM

JERRY L. BARKER, Jr., M.D ADAM S. GARDEN, M.D K. KIAN Ang, MD.. PuD.."
Jennrer C. O'Danter, MLS.." HE WanG. Pu.D.." Lavrence E. Court. Pu.D..]
WiLLiam H. Morrison, M.D..* DAviD 1. RoseENTHAL, M.D..* K. S. CLirrorD CHAO, M.D..*
Susan L. Tucker, PH.D..? RapHe Mouax, PH.D.." axp Ler Doxag, Pu.D.'

Departiments of *Radiation Oncology, "Radiation Physics, and " Biomathenatic The Umiversaty of Texas M. D Anderson Cances
Center, Houston, TX

GTV decreased throughout the course of fractionated RT, at a median rate of 0.2 cm:per treatment
day (range, 0.01-1.95 cms/d).

With respect to initial volume, the GTVs decreased at a median rate of 1.8%/treatment day (range,
0.2-3.1%/d).

On the last day of treatment, this corresponded to a median total relative loss of 69.5% of the
initial GTV (range, 9.9 -91.9%).

The center of the mass of shrinking tumors changed position with time, indicating that GTV loss
was frequently asymmetric.

Parotid glands also decreased in volume (median, 0.19 cm:/d range, 0.04-0.84 cm:/d), and
generally shifted medially (median, 3.1 mm; range, 0-9.9 mm) with time.

This medial displacement of the parotid glands correlated highly with the weight loss that occurred
during treatment

IJROBP 2004






REPEAT CT IMAGING AND REPLANNING DURING THE COURSE OF IMRT
FOR HEAD-AND-NECK CANCER

Eric K. HANSEN, M.D..* M. KAra Buca, M.D..* JEanne M. Quivey, M.D..*
Vivian WEINBERG, Pu.D..” AND PING X1A, Pu.D.*

*Department of Radiation Oncology and "Comprehensive Cancer Center Biostatistics Core, University of California,
San Francisco, San Francisco, CA

Table 1. Patient charactenistics
Patient 1D Age (years)/gender Stage Primary site Indication for second CT scan
I 2M T3N3a NPX Tumor shrinkage
2 26M TIN2 NPX Weight loss
3 SUW T3N3b NPX Tumor shrinkage
B 61/M T4NI NPX Weight loss, tumor shrinkage
5 49M T4N3a NPX Tumor shrinkage
6 55M T4N2 NPX Tumor shrinkage
7 50M T2N2c BOT Weight loss, tumor shrinkage
8 S59M Recurrent (T4Nx) BOT Tumor shrinkage
Y S2IM T4N2c BOT Weight loss, tumor shrinkage
10 8§IM TIN2a Right BOT Weight loss
I 58M T2N2b Left tonsil Weight loss, tumor shrinkage
12¢ 69M T4bNI Right tonsil Weight loss
13 SaM TXN2b Unknown primary Weight loss, tumor shrinkage




Table 3. Dosimetric comparisons of the 2ad portion of treatment with and without replanning

Ist portion of 2nd portion of treatment
treatment
Dosimetric end point Replanned Not replanned

(mean values) (Ist CI/1st plan) (2nd CT/2nd plan) (2nd CT/1st plan)  p value
PiV Gy

Dye 38.1 Gy 283 Gy 26.0 Gy 0.05

Dys 40.3 Gy 303 Gy 28.1 Gy 0.02

Ves 99.5% 99 4% 92.5% <0.001
PTViry

Dgo 309 Gy 229 Gy 18.3 Gy <0.001

Dys 34.0 Gy 25.7 Gy 22.7 Gy 0.003

Vaa 98.7% 98.7% 90.5% <0.001
Spinal cord

> . 25.7 Gy 193 Gy 233 Gy 0.003

D, . 23.0 Gy 17.1 Gy 20.2 Gy 0.04
Brainstem

b A 28.2 Gy 22.3 Gy 249 Gy 0.007

D 25.0 Gy 194 Gy 21.7 Gy 0.20

D 26.1 Gy 20.2 Gy 229 Gy 0.12
Right parotid (n = 12)

b (T 15.5 Gy 12.0 Gy 149 Gy 0.05

Dso 13.0 Gy 10.6 Gy 13.6 Gy 0.06

V.. 44 6% 45.5% 55.5% 0.04
Left parotid

3 - 15.2 Gy 11.9 Gy 12.1 Gy 0.81

D, 13.2 Gy 10.2 Gy 11.2 Gy 0.47

Ve 45.2% 42.9% 42.2% 0.89
Mandible (n = 9)

> 39.2 Gy 29.6 Gy 31.3 Gy 0.01

Vea 11.0% 11.3% 18.2% 0.08

Vou 0.04% 0.05% 4.5% 0.32



DOSIMETRIC CHANGE WITHOUT RE-PLANNING

Spinal cord
Dmax
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Conclusions: Repeat CT imaging and replanning during the course of IMRT for selected patients with H&N
cancer 1s essential to identify dosimetric changes and to ensure adequate doses to target volumes and safe doses
to normal tissues, Future prospective studies with larger sample sizes will help to determine criteria for repeat
CT imaging and IMRT replanning for H&N cancer patients undergoing radiotherapy. © 2006 Elsevier Inc.




CONVENTIONAL, CONFORMAL, AND INTENSITY-MODULATED RADIATION
THERAPY TREATMENT PLANNING OF EXTERNAL BEAM RADIOTHERAPY
FOR CERVICAL CANCER: THE IMPACT OF TUMOR REGRESSION

LinpAa vAN DE Bunt, M.D..* UuLkie A. vAN DER HEIDE, PH.D..* MARTUN KETELAARS, Pu.D..*
GERARD A. P. pE Kort, M.D.." AND INA M. JORGENLIEMK-ScHULZ. M.D.. Pu.D.*

Departments of *Radiation Oncology and "Radiology, University Medical Center Utrecht, Utrecht, The Netherlands

IJROBP 2006




Conclusions: Intensity-modulated radiation therapy is superior in sparing of critical organs compared with

conventional and conformal treatment, with adequate coverage of the target volumes. Intensity-modulated
radiation therapy remains superior after 30 Gy external beam radiation therapy, despite tumor regression and
internal organ motion. Repeated IMRT planning can improve the sparing of the bowel and rectum in patients
with substantial tumor regression. 0 2006 Elsevier Inc.



SERIAL MEGAVOLTAGE CT IMAGING DURING EXTERNAL BEAM
RADIOTHERAPY FOR NON-SMALL-CELL LUNG CANCER: OBSERVATIONS
ON TUMOR REGRESSION DURING TREATMENT

PATRICK A. KUPELIAN, M.D..* CHESTER RAMSEY. PH.D.." SANFORD L. MEEKs. Pu.D..*
TwyrLa R. WiLougHey, M.S.." ALAN FOorBes, M.D.. PH.D..* Toomas H. WAGNER, Pu.D..?
AND KATIA M. LANGEN, Pu.D.*

*Department of Radiation Oncology. M. D. Anderson Cancer Center Orlando. Orlando, FL: 'Department of Radiation Oncology.
Thompson Cancer Survival Center, Knoxwille, TN

Results: Regression of all 10 lung tumors could be observed on the serial megavoltage CT scans, The decrease
. mdYOItag
In volume was observed at a relatively constant rate throughout the treatments, with no obvious initial or final
! :
plateaus, For all 10 tumors, the average decrease in volume was 1.2% per day, However, individual tumor
regression rates were observed with a range of 0.6% to 3% per day. The lowest rate of shrinkage was observed
for the smallest lesion, and the highest rate was observed in the largest lesion. Of the 6 cases in which dose

recalculations were performed,  demonstrated a small but noticeable gradual increase in deposited doses within
' T—— 10 rj .

IJROBP 2005



A TECHNIQUE FOR ADAPITIVE IMAGE-GUIDED HELICAL TOMOTHERAPY
FOR LUNG CANCER

CHESTER R. RaMsey, PH.D..* KATIA M. LANGEN, PH.D.. PATrRICK A. KureLIAN, M.D..
Danier D. ScAPErROTH, M.D..* SANFORD L. Meexs. Pu.D.. Stepuen L. Mauax, Pu.D..
aND REBeccA M. SeBerT. M.S

*Department of Radiation Oncology, Thompson Cancer Survival Center, Knoxwville, TN: "Department of Radiation Oncology
\‘ D. Anderson Cancer Center Orlando, Orlando ll

* Atotal of 158 MVCT imaging sessions were performed on 7 lung patients.

* The GTV was reduced by 60—-80% during the course of treatment.

* Based on these treatment planning studies, the absolute volume of
ipsilateral lung receiving 20 Gy can be reduced between 17% and 23%
(21% mean) by adapting the treatment delivery.

* The benefits of adaptive therapy are the greatest for tumor volumes >25
cm:and are directly dependent on GTV reduction during treatment.

IJROBP 2005
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15 frakcija




Comparison of adaptive radiotherapy techniques for the treatment
of bladder cancer

2G ) WEBSTER, phD, ) STRATFORD, Dcr (1), ) RODGERS, 85¢, 4) E LIVSEY, FRcr, °D MACINTOSH, FRCR
and **A CHOUDHURY, FrRCR

'Christie Medical Physics & Engineering, Christie NHS Foundation Trust, Manchester, UK, *University of Manchester,
Manchester, UK, *Wade Centre, Christie NHS Foundation Trust, Manchester, UK, *Department of Clinical Oncology,
Christie NHS Foundation Trust, Manchester, UK, and *Beatson West of Scotland Cancer Centre, Glasgow, UK




» Plan of the day improved target coverage (i.e. all of the bladder within the 95%
isodose throughout the treatment) relative to conventional treatment while no
such benefit was observed with composite strategies.

« Target coverage was reduced with composite relative to conventional
treatment.

« The mean irradiated volume was reduced by 17.2%, 35.0% and 14.6%
relative to conventional treatment, for plan of the day, composite 1 and
composite 2, respectively

» No parameters predictive of large changes in bladder volume later in the
treatment were identified.



SCORE =) Supercomputing On-line Re-planning Environment

A GPU-based real-time re-planning system
A research platform for online ART

UC San Diego ovmces

RADIATION ONCOLOGY 2 LS eoscocess



SCORE

lokalno pridobivanje slikovnih podatkov
rigidna registracija

deformabila registracija

pregled (anatomski, konture)
reoptimizacija

izracun doze

primerjava

Izvoz v TPS
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https://www.utsouthwestern.edu/departments/radiation-oncology/facilities-equipment/mpe.html




CASOVNO ADAPTIVNA RT

izbrana skupina bolnikov, ki pokazejo
Zmanjsanje tumorja

upravljanje s podatki
vzorci obnasanja po lokacijah
nujen CT sredi zdravljenja




DILEME

MVCT?

robustnost sistema za delineacijo
je varno zmanjsati GTV?
nevarnosti IMRT+IGRT zdruzene
obremenitev osebja

SRR

dnevno?

cas?

upravicenost?



POVZETEK

razvijajocCe se orodje

za bolnika specificha optimizacija plana
Se ovire

NI KONSENZA O SMERNICAH

BiGART?




Specialne tehnike v radioterapiji

Stereotakticha
radiokirurgija/radioterapija
(kliniéni aspekt)
doc. dr. Uros Smrdel dr. med.




STEREOTAKTICNA RADIOKIRURGIJA
SRS

* iz grSkega otepeoc (stereos) — soliden in
latinskega taxis urejenost

* nanasa se na 3D koordinatni sistem, s katerim
doloCimo virtualno tarco na slikovnih
preiskavah in realno tarco znotraj bolnika




STEREOTAKSIJA

* Victor Horsley in Robert H. Clarke 1908

— naprava z kartezijskim koordinatnim sistemom

— uporaba za biopsijo lezij v mozganih

— samo zivali

Science Museum London




STEREOTAKSIJA

e 1933 Martin Kirschner

e prva stereotakticna kirurgija pri cloveku
— ablacija trigeminalnega ganglija

Meedle direction

MNerve block
neadle point
of entry

Areas of infiltration

Source: Zahid H. Bajwa, R. Joshua Wootton, Carol A. Warfield:
Frinciples and Practice of Pain Medicine, 37 Edition
www.accessanesthesiology.com

Copyright @ McGraw-Hill Education, All rights reserved.




STEREOTAKSIJA

e Jean Talairach, Marcel David, Henri Hacaen,
tem za

— usmerjena radiacija (ciklotron) z uporabo
koordinatnega sistema (1951)

— gama noz (1967) — Karolinska institut

O
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Radiation VEGF Inhibitor Radiation Radiation
(=10 Gy) (=10 Gy) (=17 Gy)
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Apoptosis

Acute tumor hypoxia

L4 Cleveland Clinic Balagamwala E, Chao S, Suh J. Tech Ca Res Treat 2012




RADIOKIRURGIJA — METODE

,GAMMA KNIFE“

linearni pospesevalnik (1 izocenter)

— vecina pospesevalnikov, NovalisTx

linearni pospesevalnik (vec izocentrov)
— ,cyberknife”

delci

— protonski snop....




,GAMMA KNIFE“

e prva komercialno dostopna tehnika SRS
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http://www.mc.uky.edu/gammaknife/images/




,GAMMA KNIFE”

e odlicna stabilnost in mehanska natancnost
* okrogel kolimator do 1,8 cm (novi ze MLC)

— dosedanji sistemi za nepravilne lezije multipli
prekrivajocCi se izocentri
https://www.elekta.com/products/catalog/gamma-knife-

° dekla raCIJa na 50% iZOdOZO radiosurgery/leksell-gamma-knife-icon/leksell-gamma-knife-icon/

e conformity index vs homogeniety index

Solberg TD et al 2012
(Elekta




,GAMMA KNIFE“

Quality of coverage prog J[T ::Ceitjlri(t)L 5006

where I min = minimum isodose around the target, and R/ = reference isodose.

& 3 -
Homogeneity index proc I

where | max = maximum isodose in the target, and R/ = reference isodose.

TV

Con formity Index gproc

where V,, = reference isodose volume, and TV = target volume.

Case
Lomax NJ 2003

Single slice
showing target
volume and
prescription
isodose

Volume data

Coveragegrroc
% Coverage

Cl rroc
Cl

CN




TUMOR POKRIT S
HOMOGENIM
ODMERKOM,

KONFORMNOST JE

SLABA

TUMOR KONFORMNO
POKRIT,
HOMOGENOST JE
SLABA




,GAMMA KNIFE”

* do nedavno nepremicen okvir
e sedaj maske
e Elekta Icon —,image guided”

https://www.elekta.com/ S8
products/ i




SRS Z POSPESEVALNIKOM

e J. Barcia-Salorio 1982 najprej Co60, nato linac
— AVM in epilepsija

Acta Neurochirurgica, Suppl. 33, 385—390 (1984)
iy by Springer-Verlag 1984

Hyperselective Encephalic Irradiation with Linear Accelerator

0. O. Betti' and V. E. Derechinsky*

Linear Accelerator as a Neurosurgical Tool for

Stereotactic Radiosurgery
Ken R. Winston, M.D. =, Wendell Lutz, Ph.D.

e prva uporaba Boston Brigham and Women's
Hospital 1986




SRS Z POSPESEVALNIKOM

e sedaj najpogosteje uporabljan NovalisTx

— tudi svoj program:

NOVALISCIRCLE

e Se vedno tudi modificirani obsevalni aparati

e Elekta svoj sistem za SRS




»/b e

Suh JH 2013
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LT

Linac SRS Clevelad

.
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1989 — 1997

adaptacija pospesevalnika
adaptacija mize

konicni kolimator

5 nekoplanarnih lokov

ZNACILNOSTI PRVIH
PROGRAMOV SRS




Treatment plan

L 3 Cleveland Clinic
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,CYBERKNIFE"

CYBERKNIFE™ Image-Guided Stereotactic
Radiosurgery System

Diagnostic x-ray tube |

6 MV linear accelerator

—

Secondary Collimiter |

Robot Gantry |

L ——

| Silicon x-ray detectors

Patient couch |

https://en.wiktionary.org/wiki/cyberknife




,CYBERKNIFE"

6 MV pospesevalnik na robotski roki
SRS brez fiksacije
spremlja gibanje tarce — bolnika in se prilagaja

prednost pred GK ni samo za CZS

debata med CK in NovalisTx podporniki




HyperArc

Varian

— Uporaba enega izocentra za zdravljenje multiplih
lezij

— Glede na FFF hitra metoda cca 15 min

)

https://www.varian.com/hyperarc-technology-high-definition-radiotherapy-and




SRS — KDQO?

zasevki
meningeomi
schwanomi

AVM
tumoriji hipofize

funkcionalne lezije
gliomi????




SRS — ZASEVKI

najpogostejsa indikacija

Colon: 5% Annual U.S. incidence: > 170K
e Ratio Mets/Primary: 10:1
Melanoma: 9% All Cancer Patients: 15 -30%
Autopsy incidence: 10 - 30%
Mean age: 60 years
Median survival: 4-6 months

Unknown primary: 11%
Other known primary: 13%
Breast: 15%

Lung: 48%

*Incidence increasing with better systemic Rx and improved survival

Wen PY, et al In: DeVita VT Jr, et al (eds). Cancer: Principles & Practice of Oncology. 2001:2656-2670.




SRS — ZASEVKI

e odvisno od
— stevilo
— velikost
— mesto
— deficit
— starost/KPS
— primarni tumor
— bolezen izven CZS
— sodelovanje bolnika




SRS — ZASEVKI

Brain Metastases: Recursive Partitioning Analysis

Class | Class Il Class Il

KPS =70 KPS 270 KPS <70

Primary: Primary:
Controlled Uncontrolled
and or

Age: <65 Age: 265

and or
Extracranial Extracranial
metastases: No metastases: Yes

Gaspar L, et al., Int J Radiat Oncol Biol Phys. 1997;37:745-51




SRS — ZASEVKI

100 4
- performance status
- age
75 - no. brain metastases
] metastatic disease
LLJ -
>
< ]
* GPA scores
3.0-4
26 -H—_"\_
] =30
] 00— T
= _h‘_-_ =:_
04 1 | | | 1 | 1 |
0 6 12 18 24
MONTHS FROM REGISTRATION
Sperduto et al 2008



SRS — ZASEVKI

Sperduto et al. J Clin Oncol. 2012

z e = ~Fazsan d b I v . I v . k
£ oo e g oo T B — nedrobnocelicni pyucni ra
B 2
Z s = o6 . v . . v .
C — drobnocelicni pljucni rak
5 04 5 o4
v o
D — melanom
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0 12 4 3 0 2 2 3 — 1
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c . i D . . . . .o
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Ed =
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Sum total —
Median survival {(months) by GPA: 0-1.0=3.4; 1.5-20=7.7; 25-3.0 = 15.1; 3.5-4.0 = 253
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SRS — ZASEVKI

e primerni za SRS zaradi
— MR radiolosko jasni
— vecinoma sferoidi
— odrivajo mozgane
— malo invazije
— pogosto pod 3 cm




SRS — ZASEVKI

Radiosurgery without WBRT

16.3 16.2 * RS
RS/WBRT
"RTOG

88 e
&
4.2 _
l 2.3

Class | Class I Class I
272 pts RS only upfront 388 RS + WBRT (non-randomized)
(10-institution retrospective study)

Suh JH 2013



SRS — ZASEVKI

KAPLAN-MEIER SURVIVAL RTOG 9508

Survival
Single Brain Metastasis

— RT + SRS MST =6.5 mo
--- RT Alone MST =4.9 mo
p =0.047

Q@
-
m
@
o
m
—
=
Q
[
—
QL
o

Andrews DW et al. Lancet 363:1665-1672, 2004




SRS — ZASEVKI

Phase |ll randomized trial of SRS +/-WBRT

No prior surgery, SRS, or WBRT
No leukemias, lymphomas, germ-cell tumors, SCLC, leptomeningeal disease

RPAclass | /1l
patients with SRS (15, 18 or 24 Gy)

1-3 lesions
from known

primary
58 pts | SRS + WBRT (30 Gy/12 fx)

Stratification by

— RPA class (l or ll)

- number of lesions (1 or 2 vs 3)

“radioresistant™ histologies (melanoma or RCC vs other)

? Baseline neurocognitive function and medications (opioids, sedatives)

Primary endpoint: neurocognitive function
Defined as a decrease in HVLT-R total recall at 4 months by more than 5 points

Trial was closed early by data monitoring committee

Chang EL o & Lanost Omodl JOOEC 100 U3 - 10448




Neurocognitive decline

Pricr: mesn=25%
SHS: reean= 14%
—— SRS pha WBRT: means5I%

b erit F.llb.d.hﬂll‘:.'

Figure 2- Prior and posterior distributions of probability of cognitive dedine (5 points or greater fall from
baseline ) assessed by HVLT-R [total recall])
SHS=stereotactic radicsurgery. WHRT=whole braln radiotheragy

“A mean posterior probability of [neurocognitive] decline of 52% for the SRS plus
WBRT group and 24% for the SRS only group.” (96% confidence)

Chang EL et al. Lancet Oncol 2009:10:1037-1044



Phase |ll randomized trial of surgery or SRS +/-WBRT
EORTC 22592-26001

Median time WHO PS > 2 10m 95 m 0.71
Median overall survival 109 m 10.7 m 0.89
2-year relapse at initial site

Surgery 59% 27% 0.001

SRS 31% 19% 0.04
2-year relapse at new sites

Surgery 42% 23% 0.008

SRS 48% 33% 0.023

Kocher M et al. J Clin Oncol 29:134-141, 2010



SRS — ZASEVKI

» Se vedno vprasanje koliko zasevkov je
smiselno

— Mogoce je obsevati veliko zasevkov

Klini¢ni uCinek pa je vprasljiv
pri bolnici progres izven CZS
po 2 mesecih pokojna




SRS — ZASEVKI

e problem radionekroza ali ponovitev?

Suh JH 2013




SRS/SRT - MENINGEOMI

najpogostejsi primarni tu CZS
vecina radioloska diagnoza
2:1 nad tentorijem

opazovanje
operacija
RT/SRS/SRT




SRS/SRT - MENINGEOMI

Most Common Brain and CNS Tumors by Age
CBTRUS Statistical Report: NPCR and SEER Data 2004-2006

Most Common Histology 2nd Most Common Histology

Embryonal / Medulloblastoma Pilocytic Astrocytoma
Pilocytic Astrocytoma Malignant Glioma , NOS
Pilocytic Astrocytoma Neuronal / Glial

Pituitary Pilocytic Astrocytoma
Pituitary Meningioma
Piuitary

Glioblastoma

Glioblastoma

Glioblastoma

Glioblastoma

Neoplasm, unspecified

CBTRUS 2013




SRS/SRT - MENINGEOMI

University of Pittsburgh: long term results

* Updated their 18-year experience in a cohort of
972 patients with 1045 intracranial meningiomas

* 70% women

* 645 patients had middle and posterior fossa
tumors

* Median dose 14 Gy

Kondziolka D, et al. Neurosurg 62(1):53-8, 2008




SRS/SRT - MENINGEOMI

University of Pittsburgh: long term results

* Among 75 patients with a minimum follow-up of 10 years,
the local control rates for grade 1 meningiomas or lesions
without histology were 91% and 95%, respectively.

* Local control for WHO Il and Il were 50% and 17%,
respectively.

* Symptomatic peritumoral edema was 4 months at mean of 8
months.

Kondziolka D, et al. Neurosurg 62(1):53-8, 2008




SRS/SRT - MENINGEOMI

Contents lists available at ScienceDirect
Radiotherapy

Radiotherapy and Oncology

journal homepage: www.thegreenjournal.com

Benign meningiomas

Long-term efficacy of fractionated radiotherapy for benign meningiomas @Cm\m

Francesca Solda ®', Beverley Wharram *“, Paul B. De leso *, Jacob Bonner *?, Sue Ashley?,
Michael Brada *"*

3 Neuro-oncology Unit, The Royal Marsden NHS Foundation Trust; and ® Academic Unit of Radiotherapy and Oncology, The Institute of Cancer Research, London, UK




SRS/SRT - HIPOFIZA

* observacija
e kirurgija

e zdravila

* SRS

e RT

* multimodalno




SRS/SRT - HIPOFIZA

e kot primarno
e dodatno

* resevalno

Maurice Tillet, akromegalija




SRS/SRT - HIPOFIZA

* razlicne frakcionacije
— 45 Gy # 25 frakcij (VB)
— 20 Gy # 13 frakcij
— 28 Gy # 5 frakcij....




SCHWANOMI

8 — 10 % prim tumorjev CZS

80 — 90 % tumorjev cerebelopontinega kota
99,9% benigni

lahko v sklopu NF1

izguba sluha

tinitus

motnje ravnotezja

prizadetost mozganskih zivcev




SCHWANOMI

opazovanje
operacija
SRS—do 1,5cm
SRT—-nad 1,5 cm




Fractionated “stereotactic” radiotherapy

WHE ST T T LRE LI factions

weeks

45 - 50Gy in 25 - 30 fractions
Hypofractionated “stereotactic” radiotherapy -

20 - 30Gy in 6 - 10 fractions

Single fraction radiosurgery

'

10 - 25Gy in 1 fraction

Fractionation in high precision radiotherapy

Brada M 2013



Tumour control

Overall Radiclogical Progression

1.00
|

0.75
|

025
1

Proportion of Patients with Tumer Control
0.50

0.00
1

| : ]
0 50 100 ) 15

[ t { time since?:SR
0 60 120 (months)

Fractionated stereotactic RT for acoustic neuroma

Kapoor et al 2010, Int J Rad Oncol Biol Phys, Johns Hopkins experience




*56 treated with FSR (50 Gy/25 fx)

Dosing recommendation: 46.8 Gy/26 fx

Tumor Preserv  Preserv Preserv

Control Trigem Facial Hearing
SRS 98% 95% 98% 33%
FSR 97% 93% 98% 81%
P value 0.6777 0.5893 0.8202 0.0228

SRS vs FSR: Jefferson Results

*Retrospective study of 125 patients with AN
*69 treated with SRS (12 Gy to the 50% IDL)

Tumor Control
NF2

80%
67%

06615

Andrews D, et al, Int J Radiat Oncol Bwol Phys 2001; 50:1265-1278




SRS vs FSR from Netherlands

*All treatments were linac-based from 1992 to 1999

*129 patients prospectively randomized to SRS vs. FSR
—Dentate: FSR (20 Gy/5 fx and 25 Gy/5 x)
—Edentate: SRS (10 Gy and 12.5 Gy)

*Mean Tumor Diameter (FSR:2.5 cmyvs. SRS: 2.6 cm)

Local Control Preserved Preserved VI Preserved Vth
Hearing Function Function
FSR 94% 61% 97% 98%
SRS 100% 75% 93% 92%

Mener et al. Neurosurg 2003 ; 56(5): 1390-1396




SRS versus FSRT for vestibular schwannomas

200 patients treated at Heidelberg and DFKZ
Hearing preserv SRS <13 Gy and FSRT 57.6 Gy/32 fx

5 pe0.00 c D
o
o L <13 Gy
g,
MK
b
W I
1. | mey -
02 %
A o
- “ o . xe e Yo - w - »
s Ansathg T s mAnema )

Combs S, et al. Int J Radiat Oncol Biol Phys 76:193-200, 2010



SCHWANOMI

* prinas
—< 1,5 cm lahko 13,5 Gy # 1 frakcija
—> 1,5 cm 54 Gy # 30 frakcij

* lokalna kontrola > 90 %
* seizogibamo




SCHWANOMI

* Po podatkih EANO

— Hipofrakcionirana SRS podoben ucinek kot
frakcionirana

— Pri nas sedaj 21 Gy # 3 frakcije
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CT #1 (Axial) Navigator
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Axial View Axial View

Image Fusion
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Single Object Multiple Objects
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Auto Segmentation

MR #2 (Axial)
Axial View

1 Contrast

Please select the image set you
like to segment and specify its
submodality.




Auto Segmentation
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Specialne tehnike v radioterapiji

SBRT
(kliniéni aspekt)
doc. dr. Uros Smrdel dr. med.




SBRT

* sinonimi:
— Stereotactic Body Radiotherapy
— Stereotactic Ablative Radiotherapy

e Karolinska 1991:
— Bromgren in Lax
— pljuca

e Japonska 1994

— Uematsu, Arimoto
— enako pljuca




e KAJ?
— pljuca
— jetra
— hrbtenica

— pankreas

— prostata




* s sereotakti¢nim o .
okvirjem T8

* brez okvirja » (5 i

— slikovno vodena

RETErente sy sien ‘
ixediseale g =

,body frame“ Schmidt WFO 2004

e posebna fiksacija + kompresija trebuha
vakumska blazina

Hamiltonov rigidni stereotakti¢ni okvir za
hrbtenico

£ s
Hamilton et al. Neurosurgery 36 (2): 311-19, 1995
Hamilton et al. Stereotactic Funct NS, 1995




ISOCENTER POSITION
X= 300 % x [mm ]
Y= y+(counts)x 100 [mm ]

measure y in mm Z=*7z+95 [mm]

Y+7x100 mmin
cranial direction

Karin Dickman 2015, ESTRO SBRT course



e zahteve:

visoka reproducibilnost lege bolnika
visoka reprocucibilnost lege tarce
ucinkovita imobilizacija

zmanjSanje gibanja organov

CT/MR kompatibilen sistem fiksacije




SBRT — HISTORICNI REZULTAT]

I Single Fraction Stereotactic Irradiation

Follow up Results
Months (median) (median)

Nakagawa et al. 18-25 0S 9.8 MO
2000 PD:n=1
NC: n=2
PR: n=7
CR: n=12
Hara et al 2002 23 3-24(13) 20-30 LC 13 months
63% < 30 Gy
88% >30Gy

Hof et al 10 8,3-29,9 (14,9) 19-26 PD: n=2

2003 act OS 80%:y
act.OS 28%:; 21J
act. LC 88.9%:11J
act. LC 71.1%: 2J

Hof et al 61 12-30 Actuarial OS
Guckenberger 2015 2007 12months 78 4%

24 months 65,1%
36 months 47,8%



SBRT — HISTORICNI REZULTAT]

Guckenberger 2015

Uematsu et al
2000

Wulf et al
Timmermann
et al 2003

Nagata et al
2003

66

27

27

S55Lung Tu

T1l:n=31
T2:n=15
T3:n=3
Meta:
10

12

Follow up
(median)
months

3-31(11)

2-33 (8)

2-51 (19)

Sk

MLl Fractionated Stereotactic Lung Irradiation

30-75

30

8-20

40-48

48
60

PD: n=2
SD+CR=64

Act.LC 76% 1y
Act. LC 76% 2y

PR 60%
CR27%

PR 84%

CR 12%

0S 95%; % years
0S5 92%; 1 year
0S 82%; 2 years

0S89%% 1y
0OS 65% 2 years



SBRT — HISTORICNI REZULTAT]

* jetra

ESTRO SBRT course
2015

Blomgren et
al. 1998

Sato et al.
1998

2001

Wulf et al.
2001

2005

Katz et al.
2007

AKH Wien

Herfarth et al.

Schefer et al.

56

23

22

174

62

50-60

14-26

28-30

36-60

30-55

24-45

100%

76%

83%

K.A.

86%

84%

10 Mo

5,7 Mo

9 Mo

7 Mo

14,5 Mo

13 Mo



SBRT — ALTERNATIVE OKVIRJU

e zunanji markerji in vakumska fiksacija

* notranji markerji in vakumska fiksacija




SBRT - INDIKACIJE

A Survey of Stereotactic Body Radiotherapy
Use in the United States ruwerran

Percortof Physicians

=
-t 4
1 . " iner 7 , e 1
Pancreas
Adrenal |
- Prostate
Retroperitoneum SR
- ‘- l l £ l l y i : 7 7 7 7 Head and neck -
2000 2002 2004 2006 2008 2010

0% 10% 20% 30% 40%x 0% OOX J0% 0B0% 90% 100%

b Percent of SBRT Users

Figure 4. Cumulative adoption of stereotactic body radio-  Figure 5. Disease sites treated by stereotactic body radio-
therapy is shown for the 3 most common disease sites  therapy (SBRT) users who responded to the survey are
treated: lung, spine, and liver. shown.

cancer October1, 20N




SBRT — ZAKAJ UPORABITI

* visji odmerek od konvencionalnega
* reiradijacija

A Survey of Stereotactic Body Radiotherapy
Use 1n the United States  Huvertpan > 1300 physicians

0%

= osom
-]

H
§ 0%

30 T
N ——————r —
109 —II—I> — =
s N o _ .
2000 2001 2002 2003 2004 2308 2006 2007 2008 2009 2010%
Year *as of 07/2010

Cancer  October 1, 2011




SBRT — , WORKFLOW*

pozicioniranje bolnika
gibanje organov
slikanje (CT/PET-CT/MR)

fuzija
konturiranje

nacrtovanje

pozicioniranje

kontrola pred, med in po RT

priprava

nacrtovanje

obsevanje




SBRT — ZAKAJ BREZ OKVIRJA?

* SRS/SBRT — udobje, nebolece, fuzija na tumor
ne na zunanji marker natancnost

 fSBRT — udobje, fuzija na tumor ne na zunaniji
marker, , Ve(ji
volumni




SBRT - PLJUCA

e operabilni nedrobnocelicni pljucni rak stadij |
primerjava SBRT in kirurgija
— gre tudi za zmogljivost

Stereotactic ablative radiotherapy versus lobectomy
for operable stage | non-small-cell lung cancer: a pooled
analysis of two randomised trials

JoeY Chang®, Suresh Senan*, Marinus A Paul, Reza] Mehran, AlexanderV/ Louie, Peter Balter, Harry | M Groen, Stephen E McRae, Joachim Widder,
LeiFeng, Ben E EM van den Borne, Mark F Munsell, Coen Hurkmans, Donald A Berry, Erik van Werkhoven, John | Kresl, Anne-Marie Dingemans,
Omar Dawood, Cornelis| A Haasbeek, Larry S Carpenter, Katrien DeJaeger, Ritsuko Komaki, Ben J Slotman, Egbert F Smitt, Jack A Rotht

100

o]
o

o
o

3-year overall survival (95% CI):
SABR 95% (85-100); surgery 79% (64-97)
HR (95% Cl): 0-14 (0-017-1-190)

H
o

Overall survival (%)

N
o

—— SABR
log-rank p=0-037 — Surgery

o




Nagata 2005

Baumann 2009
Lindberg 2015

Fakiris 2009

Ricardi 2010

Bral 2010

Timmerman
2010

SBRT - PLJUCA

# of Single fraction Dose
fractions dose perscription

4 12Gy @ isocenter

15Gy @ 65%

20-22Gy @ 80%

15Gy @ 80%

13 - 20Gy

18Gy

Guckenberger 2015

Local control

98%

92% @ 3 a
79% @5a

88% @ 3 a
88% @ 3 a

84% @ 2a

98% @ 3a




SBRT - PLJUCA

DVH_., - deformed 4D dose

GTV

(9)]
S
S
~
Q
g
5
i
o
L.
©
-
3
=

GTV dose (Gy)

Limited variation in GTV dose between all breathing phases, even
end-inhalation and end-exhalation




SBRT - PLJUCA

e |Q model

SF = e-(aD+pD2)

Surviving fraction

BED=nD (1+(D/(a/B)))

2 4
Radiation dose, Gy

a — smrt celic /Gy zacetne linearne komponente
B - smrt celic /Gy2 kvadratnega dela krivulje




SBRT - PLJUCA

The linear-quadratic model is inappropriate to model high dose
per fraction effects in radiosurgery

John P. Kirkpatrick, M.D., Ph.D.
Department of Radiation Onceology, Duke University Medical Center, Durham, North Carolina 27710
(Tel: 919-668-7342, E-mail: kirkp00] @mc.duke.edu)

David J. Brenner, Ph.D., D.Sc.
Center for Radiological Research, Columbia University, New York, New York 10032
(Tel: 212-305-9930, E-mail: djb3@coluanbia.edu)

Colin G. Orton, Ph.D., Moderator
(Received 27 May 2009; accepted for publication 28 May 2009; published [ July 2009)
[DOI: 10.1118/1.3157095]

Published m final edited form as:
Semin Radiat Oncol. 2008 October : 18(4): 234-239. doi:10.1016/j.semradonc.2008.04.004.

Point: The linear-quadratic model is an appropriate methodology

for determining iso-effective doses at large doses per fraction

David J. Brenner, Ph.D., D.Sc.
From the Center for Radiclogical Research, Columbia University Medical Center, 830 West 168th
Street, New York, NY.




SBRT - PLJUCA

o

T
IHEENENE

IS
4 6 8 10 12 14 16

Maximum dose of linear-quadratic model fit (Gy)

-

w

p—
e
©

—
R

S =
£3
e
OEZ
§.2
—
(R
T 5
3 S
O o
-
©
(7]
£

S

S
N
8
<
o
kS
S
®
Qc
S
&
o)
2
~
)
<
e
=
@




SBRT - PLJUCA

* ,carobni odmerek” je BED 100 Gy

N N w
o (%} o

Single fraction dose
o &

., 4,6

o (%)}

01 2 3 4 5 6 7 8 9 101112 13 14 15 16
# of fractions




SBRT - PLJUCA

* priprava
— respiratorno koreliran 4DCT

e konvencionalni
e 4DCT
* rekonstrukcija faz dihanja

Pressure

ESTRO SBRT Cousre 2014 - Matthias Guckenberger
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End-exhalation

End-inhalation

Fusion

primer: Mathias Gukenberger ESTRO SBRT 2015
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e GTV
— GTV pogosto CTV
— spikule vklju¢ene v GTV




SBRT - PLJUCA

TV delineacija na koncu vdiha in koncu izdiha

konec izdiha 'v!\ .
h,

&
konec vdiha "7\ ’
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SBRT - PLJUCA

TV + 5mm

konec izdiha

konec vdiha




SBRT - PLJUCA

e jzracun doze
— algoritmi: tip B

e Pinacle CC, Eclipse AAA, | plan MC, XiO superposition,
XiO MC




SBRT - PLJUCA

= Type B Algorithm
® RTOG
A Type A Algorithm
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>
©
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80 100

Hurkmans, Schuring. Rad Onc 2008




e zdravljenj

SBRT - PLJUCA

Protocol
-

Regeraton | Mask)

e O s D:\Forschung\Cone beam'’

I_‘:- animation 2.gif

4
-
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e spremljanje

Prior SBRT 2 months 12 months

18 months 24 months 30 months 24 months
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e [TV ali kaj drugega

Canventional Internal Target Gated at exhale Mid-position Geometrical-average
free-breathing Volume position

Maximum exhale

Time-weighted
average positian
Geometrical
average positon

Maximum inhale

Dosimetric strategies

GTV cTv  PTV TV
(blue) (yelow) (orange) (red)

Wolthaus, IJROBP 70 (2008) p1229 Cuijpers et al, R&0O 97 (2010) p443
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* VMAT vs IMRT

VMAT Non-coplanar / - | Coplanar
IMRT IMRT

MODUL. “TIC BODY
IERAPY OF LUNG TUMOR COMPARISON WITH
SITY-MODULATED RADIOTHERAPY TECHNIQUES

— VMAT
= non-coplanar IMRT
= = coplanar IMRT

Healthy
lung lissue Chest wall

30 40 50 60
Dose (Gy)
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SBRT - PLJUCA

e konvencionalno ali 3F

Table 1  Summary of dosimetric metrics for FF and FFF plans

Sites Metric Unit FF 6 MV FFF 10 MV
3x< I18Gy(n =4 48 £ 04 2.6 £ 0.1
Sx 11 Gy(n=3) Lung 32+02 2.5 £ 0.1

8 x 7.5 Gy (n = 3) 23 25+ 01

1 X 16 Gy (n = 3) . 99 £ 1.6 34+ 04
2x 10 Gy (n = 3) Splne 6.8 = 1.8 02
3

x9Gy(n=4) 4.3 £ 0.7 Vsd=-n )

Abbreviations: FF = flattened beam; FFF = flattening filter—free: PVT = planning target volume; ITV = internal target volume; PRV = planning at
risk volume.
Values are mean = SD.

o’

Ong et al, IJROBP 83(1) e137-e143, 2012
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robovi zaradi dihanja

_| [TV +3mm (lagerwaard)

dosimetric, 80% isodose (guckenberger)

m— (osimetric+set-up, 80% isodose (wolthaus)

dosimetric+set-up+delineation, 80% isodose (sonke)

= = (Gating 30% +set-up+delineation, 80% isodose (wolthaus)

Margin (mm)

—

Lagerwaard et al, [JROBP (2008) p685
Wolthaus et al, IJROBP (2008) p1229
| Guckenberger et al, R&0O 91(2009) p288
Sonke et al, IJROBP (2009) p567

5 10 15 20 25 30

Breathing amplitude (mm)
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e problem: rebra

Fig. 1. (a) Dose distribution image shows the D (0.5 cm’) prescribed dose to the rib as 49.6 Gy, with a BED3 of 254.6 Gy. (b) Bone
window image shows a rib fracture (white arrow) 21 months after completion of SBRT.

Multivariate analysis showed that tumor location was a statistically significant risk factor for the

development of Grade 1 RIRFs. Of the 77 RIRFs, 71 (92%) developed in the true ribs (ribs 1-7),

and the remaining six developed in the false ribs (ribs 8-12).
The D(0.5 cm3) BED3 associated with 10% and 50% probabilities of RIRF were 55 and 210 Gy to

the true ribs and 240 and 260 Gy to the false ribs. We conclude that RIRFs develop more
frequently in true ribs than in false ribs.

Miura et al. J rad. Research 2015 (56):332
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e problem: centralno lezeci tumoriji

— proksimalno bronhialno drevo
e 2 cm nad karino
e do segmentnih razcepisc
bronhov

— tumorji ob plevri

* neprimerni za SBRT

| WS 35 7 5B R0 EOROETIL TOER
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Brachial plexus

-------

IASLC-ARTC [Chang JY, JTO 2015]

A tumor within 2 cm in all directions of any mediastinal critical
structure, including bronchial tree, esophagus, heart, brachial
plexus, major vessels, spinal cord, phrenic nerve, and

recurrent laryngeal nerve.
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4D volumetric image guidance:
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Fractionation** schemes used in Netherlands

** Prescribed to the encompassing isodose

@ 3 fractions of 18Gy: T1 lesions, not adjacent to chest wall

® 5 fractions of 11Gy: T1 lesions with broad chest wall
contact, and T2 lesions

® 38 fractions of 7.5Gy: central lesions with limited overlap

with mediastinum

Louie AV, 2014

druge frakcionacije, kjer je BED priblizno 100 Gy
50gy #5fr,54 Gy #6fr, 56 Gy # 7 fr, 60 Gy # 8 fr




SBRT - HRBTENICA

* Glavna indikacija za SBRT hrbtenice je
BOLECINA

— po 1x8 Gy popoln odgovor 1/3 do %

 AKUTNA PAREZA/PLEGIJA NI INDIKACIJA ZA
SBRT HRBTENICE

* SINS




SBRT - HRBTENICA

Score

Location

Junctional (occiput-C2, C7-T2, T11-L1, L5-S1)

Mobile spine (C3-C6, L2-L4)

Semirigid (T3-T10)

Rigid (52-S5)

Pain "

Yes

Occasional pain but not mechanical

Pain-free lesion

Bone lesion

Lytic

Mixed (lytic/blastic)

Blastic

Radiographic spinal alignment

Subluxation/translation present

De novo deformity (kyphosis/scoliosis)

Normal alignment

Vertebral body collapse

>50% collapse

<50% collapse

No collapse with > 50% body involved

None of the above

Posterolateral involvement of spinal elements*

Bilateral

Unilateral

None of the above

Total Score (0-18
SINS)

Three Clinical
Categories (3-
point) Stability

Potentially Unstable

Unstable

:}] Scale (2-
inary Scale ( Stability

point)

Current or potential instability; Surgical consultation recommended

The SINS classification; Fisher et al.
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Bilsky Score

Bilskey J Neurosurg Spine 2010
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* INDIKACIJE

— mehkotkivna masa
— ze paliativho obsevana hrbtenica




SBRT - HRBTENICA

Spine SBRT: Required accuracy

" Simulated transversal patient set-up errors (0.5-10 mm)

09

08 N ﬁ\\\ﬁ
07 RANNNNY
DN

TN

W
W\
W
A\

0.0
00 0 02 03 04 05 06 07 08 09 1.0
Dose

maximum tolerable errors on average
1 mm (transversal plane)
4 mm (Sl direction)

3.5° Guckenberger R&0 84, 2007 p56
(spinal cord dose within 5% of prescribed dose)

ESTRO SBRT course Sept 2015
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Overall survival after SBRT for vertebral metastases

Chao I[UJROBP 2012
1
- Group 1 (n=59, MST=21.1 mo) Time from Primary
8 ~ Group 2 (n=104, MST=8.7 mo) m:_"',""'n'
2 Group 3 (n=11, MST=2.4 mo
®
Z 6
=
@
Z >30 Month <30 Months
T 4 n=86 n=88
8
2
| 1
Group 2 Group 3
0 Age <70 Age 270
v - - - - v - =77 n=11
0 6 12 18 24 30 36 g
Months

Best OS after spinal SBRT
* Interval > 30 months after primary diagnosis

« KPS >70
» Age <70




SBRT - HRBTENICA

Overall survival after SBRT for vertebral metastases

Mono-center

Cleveland Clinic: n=174

Overall Survival

-4~ Group 1 (n=59, MST=21.1 mo)
8 - Group 2 (n=104, MST=8.7 mo)
¥ Group 3 (n=11, MST=2.4 mo

Multi-center
n=365

0 T T T T T L v v L
0 6 12 18 24 30 36 42 48
Months
Chao [UJROBP 2012

Cum Survival

----

followuptotal

Guckenberger unpublished data

Chao RPA score not reproduced in a large multi-center

analysis




SBRT - HRBTENICA

Overall survival after SBRT for vertebral metastases

Modified Bauer Score:

1. Visceral Mets

2. Nolung cancer

3. Breast or prostate or kidney
4. Single bone met

0,8

o
=

Cum Survival

o
>

0,27

0,0

T T T T T T T T T T T
0 6,0 12,0 18,0 240 30,0 36,0 42,0 48,0 54,0 60,0

followuptotal Guckenberger unpublished data

Simple, surgical modified Bauer score highly effective in
predicting OS after spinal SBRT




SBRT - HRBTENICA

IMAGING FOR STEREOTACTIC SPINE RADIOTHERAPY: CLINICAL

CONSIDERATIONS Dahele IJROBP 2011

MRIT1 MRI T2

CT imaging:
* Slice thickness 1- 2mm
MRI imaging:

* T1 with and w/o Gadolinium contrast
e T2

Slice thickness £ 3mm or volumetric image acquisition




SBRT - HRBTENICA

Patterns of radiographic failure after spine SBRT:

Total Adjacant Epidural
Failures vertebra Space
Ryu 2004 9/61 33%
Chang 2007 17174 A47%
Gerszten 2007 6/51 0%
Nelson 2008 4/ 33 0% 50%
Nguyen 2010 1255 50%

Pedicles / posterior
elements

17%

50%

33%

Conclusions:

« Safety of treating the involved vertebra only
« Areas at risk: epidural space and untreated parts of

vertebra




SBRT - HRBTENICA
Target volume concept of RTOG 0631

A,

Anatomical target volume concept:

 Inclusion of ,volumes-at-risk” in target volume

« EXxclusion of tumors within 3mm distance to spinal cord
from practice of single fraction radiosurgery




SBRT - HRBTENICA
IMRT versus VMAT for spine SBRT

VMAT Step-and-shoot IMRT

Delivery time:

3.5 min vs 10.5 min
""""""" Plan quality:
No difference

Lee BJR 2013

\ _
. http://www.birpublications.org/nal01/home/literatum/publ
PTV NOOS isher/bir/journals/content/bjr/2013/bjr.2013.86.issue-1022/bj
r.20120466/production/images/large/bjr-86-124669001.jpeg

* Substantially shorter delivery times
* Comparable dosimetric plan quality
» VMAT preferable for patients in pain
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Painful vertebral
l metastases l

N\ r~ !
Short life Long life
L expectancy ) . expectancy )
s ™ 4 N
Conventional SBRT
L radiotherapy ) l . radiotherapy ) l
"~ N ([ B
« SB3MMGTV-SC ||+« >3mm GTV -SC
« Osteolytic « Osteoblastic
N\ AN J
s _ N (. _ R
Hypofractionated Single fraction
SBRT SRS
. /L J

Matthias Guckenberger - ESTRO SBRT v UniyersityHospital
L/ Zurich
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Positioning for spine SBRT

Before IGRT: (a) M:-0.4 to 1.5, SD of 2-3 mm
(b) and (c) M: of -6.2 to 0.8, SD of 4-7 mm

After IGRT: SD of 0.6 to 0.9 mm and 0.9° to 1.6°
Thus: IGRT resolves initial differences in set-up accuracy

However: Mean localisation to post treatment CBCT time 347 min

6% of all fractions were within the tolerance (2mm) on localization CBCTs.
97% directly after IGRT

93% at mid-treatment,

82% at post-treatment. Try to reduce treatment time!

Li UROBP 84, 2012 p520
30 ESTRO SBRT course Sept 2015
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Positioning for spine SBRT

BodyFIX and Hexapod 6DOF table, Elekta CBCT.
(42 spine patients)

Small positioning errors after the initial CBCT
setup were observed, with 90% within 1 mm
and 97% within 1° (after 103 min.).

Only half of patients within tolerance (1 mm
and 1° ) for the entire treatment (63 % 4
min).

With intra-fraction IGRT every 15-20 min and
using a 1-mm and 1 correction threshold, the
target was localized to within 1.2 mm and
0.9° with 95% confidence.

intrafractional imaging and corrections needed approximately every 15 to 20 min.

Hyde IJROBP 82, 2012 e555 catharina

ESTRO SBRT course Sept 2015
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* PROTOKOL

— izbira bolnikov
— odlocitev glede fiksacije

— slikovna diagnostika
e +-1 vretence, T1 + ks, T2, 1-2 mm 3D
e cela lumbalna ?

— IGRT (exacTrac, CBCT)
— FU




SBRT - JETRA
CRC liver metastases
e
CRC, extrahepatic mets. |

I

Surgical resection

Non-CRC metastases
Non-surgical ablation
CRC and non-CRC mets.

Non-radical
ablation

Morten Hgyer 2015, ESTRO SBRT
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Lymph node status (primary)
Tumor differentiation (primary)
CEA

Number of metastases
Diameter of largest metastasis
Surgical resection margin
Extrahepatic extension

®
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T T T T
2 3 4 §

Rees et al. Ann Surg (2008) 247: 125; N=929 pts.

Follow up (years)
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 morbiditeta po SBRT jeter
-_--n-

Deterioration of PS

Pain

Gastritis

Skin

Liver function

Late morbidity

Gastritis/ulcer/perforation

Rib fracture
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Dyspnea

Skin reaction

Liver function
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e kdaj in kako?

Rectal Single Recurrence Recurrence Multiple
cancer liver met. in the liver in the liver recurrences
04-2009 01-2010 08-2010 10-2011
Anterior Surgical RFA SBRT Chemo
resection resection
& &
adjuvant chemo
chemo Surgeon 1
Surgeon 2

Interventional radiologist

Rad. oncologist

Med. oncologist

Morten Hgyer 2015, ESTRO SBRT
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e kaj je boljse?

. Severe
Mortality S Local control
complication

Resection . 30%
Simmonds 2.2% (5 yr)

RFA 0-2% 40-96% 14-55%
Wong ’ (crude) (5 yr)

74-92% 30-62%

SBRT 0.5-1%
0 (actuarial) (2 yr)

Simmonds et al BrJ Surgery 94: 982-99; 2006
Wong et al JCO 28:493-508 (ASCO 2009 syst. rev.)
Hoyer et al JROBP 83: 1047-57; 2012




Patient evaluation and
multidisciplinary assessment

l

Simulation:

J Immobilization devices

J 3 phases contrast-enhanced CT scan
J 4D CT scan

J Multi-imaging: PET-CT total body and/or MRI

Table 2

Selection criteria for SBRT

Patients categories
Selection criteria

Suitable  Cautionary  Unsuitable

Lesion number <3 4 >4

Lesion diameter (cm) 1-3 >3 and <6 >0
Distance from OARs (mm) >8 5-8 <5
Liver function Child A Child B Child C
Free liver volume (cc) >1,000 <1,000 and =700 <700

SBRIT, stereotactic body radiation therapy; OARs, organs at risk.

J Counturing: target and organs at risk
J Dose prescription
J Treatment planning

J Review of dose distribution and plan approval

l

Treatment delivery:
J Verify patient position and radiation delivery

J Clinical evaluation
J Laboratory tests and tumor markers
J Imaging: CT, MRI or PET-CT total body

Follow-up:



SBRT - JETRA

Prescription dose in 3 fractions recommended according to lesion diameter

Lesion diameter Prescription dose
S cm 48-60 Gy
3-6 cm 60-75 Gy

Recommended OARSs dose constraints for liver SBRT in 3 fractions

Organ Dose-volume limits
3

Healthy liver (total liver volume minus cumulative GTV) >700 cm™ at <15 Gy
Spinal cord D1em’ <18 Gy
Kidneys (R+L) V15 Gy <35%
Stomach, duodenum, small intestine D3 em’ <21 Gy

3 30 Gy

3 30 Gy

Heart D1cm
Rib D30 cm

SBRT, stereotactic body radiation therapy; OARs, organs at risk; GTV, gross tumor volume.
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e definicija PTV
* markerji

Tomito et al 2014
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JGO 2014
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okvir vs brez okvirja
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RAS trial

Prescribed PTV dose Maximum tumor
(67% isodose) dose (100%)

m-
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e kot pri pljucih problem zil
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* omejitve pri 3 frakcijah

SBRT for liver metastases

Liver (<15 Gy) 700 CC
Liver (Dmean) 15 Gy
Stomach, duodenum or bowel (D4ccm)* 28 Gy

Ipsilateral kidney (<15 Gy) 35%
Volume of both kidneys (<15 Gy) 50%
Spinal cord (Dmax) 18 Gy

Esophagus (Dmax) 21-27
Heart (D1

Hoyer et al: JROBP 82(3): 1047; 2012

WwepJayoy-snyley




SBRT - JETRA

* |ahko kostna fuzija ali pa na markerje

Match on gold markers

&

Esben Worm, Aarhus University Hospital
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e jzbira bolnikov
— max 4 meta
— max 6 cm

— 1,5 cm od potziralnika/

zelodca/dvanajstnika/Crevesja lahko 1 velika
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Pancreatic cancer

The Biliary Tree

Liver
Spleen
Stomach

Large
o N =
num .,-_

http //www pancan org/section_facing_pancreatic_cancer/i
" Images/Figure_l.jpg

l 5‘ "”//ﬂ‘}l II
7

lD

— €
. —
——

» Location: head 75% tail 25%
« Critical OARs VERY close to target: duodenum, stomach, small bowel




SBRT - PANKREAS

Published illustration
of pancreatic SBRT:

No (obvious) safety margin:

« Imaging for extension of diease?
 Microscopic disease?

« Residual uncertainties?

Despite small (zero) safety margin:
* Full dose to adjacant duodenal wall
« Relevant doses to intestine

— 2 S
N oW : %

. J: v i T y

’ ) '.,?' j 2.5

alaiml (WA

Guckenberger 2015
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SBRT for locally advanced PC

Study Patients Dose Chemotherapy
Hoyer 2005 Phase | 22 3 x 15Gy None
Koong 2005 Phase Il 17 -~ oy(GF 5-FU during CF-RT

1 x 25Gy Boost

Schellenberg 2008 Phase Il 16 1 x 265Gy Between Gem

Schellenberg 2011 Phase | 20 1 x 25Gy Between Gem

« \ery small patient numbers
« How to integrate into systemic treatment ?

Guckenberger 2015
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SBRT for locally advanced PC

Study Patients Median OS LC
Hoyer 2005 Phase |l 22 i 57% @ 6m
months
8.3
Koong 2005 Phase Il 17 16 /17
months
Schellenberg 2008 Phase Il 16 11.4 months 81%
Schellenberg 2011 Phase 20 11.8 months 94% @ 1a

« (Very) short overall survival — similar to systemic treatment only
* Interpretation of promising LC considering OS ? Guckenberger 2015
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SBRT for locally advanced PC

Study Patients Toxicity
Hoyer 2005 Phase Il 22 5 cases with severe Gl tox
Koong 2005 Phase Il 17 2/17 acute G3 Gl
Late:
Schellenberg 5x G2 ulcers
2008 Frzzzll e 1x G3 duodenal stenosis

1x G4 duodenal perforation

Schellenberg 3x G2 ulcers
2011 FzEall AL 1x G4 duodenal perforation

« (Very) high rates of gastrointestinal toxicity DESPITE short FU
« Difficult (impossible) sparing of duodenum

Guckenberger 2015
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SBRT for locally advanced PC

Herman Cancer 2015

« 49 pat. with locally advanced PC

« 3xGem (1000mg/m2) .
. 1 week break Overall survival

+ SBRT with 5 x 6.6Gy A
« Phase 2 multi-institutional study
« Median FU 14 months : -
s | ‘-, Median 13.9 months
B |
Acute Gl Tox G Late Gl Tox G >=2 S T
>=2 o g REEE
2% 11% o ) Tine (o) )

» Fractionated SBRT with lower SFD well tolerated

Guckenberger 2015
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SBRT to achieve resectability

Progression CX

Borderline resectable

Locally advanced Gem Cx

I No progression | | SBRT

sBRT: 9 X /Gy to vessle abutting region
9 X 9GYy to remaining tumor

Chuong IJROBP 2013

N=73 with median FU 10.5 months

Borderline resectable PC: 31/57 achieved RO resection
Locally advanced PC: 0 patient underwent resection
Late Gl grade 3+ toxicity: n=4 (Gl bleeding)

Guckenberger 2015
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SBRT to achieve resectab

lity

A
S f Overall Survival 9
- -
O
-]
3 2 @
.; (=] —
s 5
s 8 O
;‘E‘ o : : CU
3 L gu)
- - °
S winw e w
- 3 6 9 2 15 18 21 24
Time in Months
----- Borderline Resectable Locally Advanced
Median OS:
 Borderline resectable PC: 16.4 months
« Locally advanced pC.: 15 months N

G E e Cr—u=x
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CONCLUSIONS

« Small patient numbers treated in prospective
trials

* Local tumor control appears favourable

* Very limited overall survival, similar to Cx only

* High rates of severe Gl toxicity

» Should not be practiced outside of
prospective trials



PRIMER HRBTENICA

e Sarkom zasevek L3

 SBRT 22 Gy # 1 fr

* Po letu dni skleroza




PRIMER PLJUCA

* Metastatski PECOM




Specialne tehnike v radioterapiji

Ocsevanje celega telesa (TBI)
(kliniéni aspekt)
doc. dr. Uros Smrdel dr. med.




TBI

* Pripravljalni rezim za:
— Presaditev kostnega mozga
— Presaditev krvnih maticnih celic

* Alternativa mieloablativha kemoterapija




Levkemije
— ALL

— AML

— KML

Limfomi

— Mb Hodgkin (recidivni ob dosezeni remisiji)
— Limfom plascnih celic

Plazmocitom

EWingOV sarkom (V raziskavah (Burdach el al 1993, Meyers et al
2001) )




* Ne onkoloske bolezni

Imunske motnje

INJERIGERERERIE

Genetske motnje
Wiskott Aidrich sindrom

Osteopetroza >

Tar sindrom —

Forming
blood cells

Bone—
marrow

Pneumonia and other
infections

8-cell lymphoma and
other cancers

Petechiae due to Eczema

thrombocytopenia

WASP Structure

WASP homology ER E: Proline-rich region = =cka
1 137

210 230 310 312 502

cavity, and abnormal epiphyseal plates of osteopetrosis have

FIGURE 1: X-ray of arm prior to (A) and 6 months after (B) bone
largely resolved following bone marrow transplantation.

marrow transplantation. The high bone density, abseni medullary

Fankonijeva anemija

<SOMNACRAIC .20




TBI

* 4,5 Gy LD 50 brez agresivne terapije

e 10— 12 Gy frakcionirano




TBI

* Obicajno mieloablativna
— Unici KM, rezidualne tumorske celice

* Ne — mieloablativna
— 2 Gy
— Ne unici KM
— Zavre imunski odgovor
— Graft vs host reakcija




TBI

 Donnall Thomas 1956 (nobelova nagrada za
medicino 1960)

e Koncni stadiji levkemije

Joe DiMaggio, Dr. E. Donnall Thomas in bolnik
Darrell Johnson in LAF sobi




* Naloge
— Uniciti KM
— Zmanjsati tumorsko breme
— Imunosupresija (limfociti)
— Fizicno naresiti prostor za darovan KM

— Unicenje celic z genetskimi napakami
(npr Filadelfija kromosom pri kroni¢ni mieloic¢ni levkemiji)

Changed chromosome 9

https://www.cancer.gov
/publications/dictionarie
s/cancer-
terms/def/philadelphia-
chromosome




TBI

* Prednosti pred visokodozno kemoterapijo
— Ni “zavetid¢” — testisi, CZS
— Homogen odmerek — neodvisno od prekrvavitve
— Neodvisno od ledvic in jeter
— Ni problemov z izloCanjem in razstrupljanjem
— Moznost zascite in boosta




TBI

Slabosti
— Pozni sopojavi (sterilnost, katarakta, rast, kognicija)

— Posledica obsevanja prizadetih organov, pri rasti tudi kontrolnih
organov

Treatment Associated Late Effects

— Potreba po kompenzatorjih
(odvisno od tehnike)




* Pogoji
— Anamneza, status
— Interdisciplinarni tim
— Presaditev v istem centru

— Nizko tvegabje za okuzbe




* Tehnika
— Reproducibilna

— Pozicioniranje
— Uniformnost

e +10% (zazeljeno 5)




Sunny BP 2016
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TBI

* Bilateralna TBI (Khan et al)
— Sede ali leze = udobje
— Neenakomerna debelina = kompenzatorji
— Distanca




+ AP - PA

— Bolj homogena

— Lazje zascite

Grille S 2017




Bl

 Pometajoc€ zarek

Corns R et al 2000

e Mc Gill




TBI

Potujoca miza

Wilder B 2006

Dolzina

Lega

Kompenzatorji

ce predolg




 Tarcni volumen

— Vse maligne celice
— Ves KM

— = celo telo vklju¢no z kozo




TBI

e Odmerki

— Visokodozni 13,6 Gy # 6 fr, 3 dni

— Standardni 12 Gy # 6 fr, 3 dni

— Mini2 Gy # 1 fr
* OAR

— Pljuca 10 Gy limitirajoca toksicnost

— hipofiza, leCe, rastni hrustanec, srce, ledvica
 Referencna tocka

— Sredina telesa v visini popka

— Lahko se dodatne




Bl

 Ker odmerek na povrsini pri 6MV ni 100%




TBI

e Zaradi zascite pljuc
— Torakalna stena nizji odmerek
— Lahko dodatek z elektroni

— (ne vedno)




e Zapleti — akutni
— Slabost
— Glavobol
— Utrujenost

— Suhe odi

— Ezofagitis
— |napetenca
— Eritem

— Mukozitis
— Driska

— Vrocina




e Zapleti — pozni
— Ocesni
— Slinovke, zobje
— Pnevmonitis/fibroza

— Jetra

— Ledvica

— Otroci — rast

— Sterilnost

— Sekundarni tumor;ji




Toxiciny
Acute

Parotitis
Nausea, vomiting

Sub-acute
Interstitial pneumaonitis

Late and long-term
Venoocclusive
discase of the liver

Cataract formation
Gionadal failure
Renal toxicity chronic kidney disease

Osteopenia/porosis
Xerostomia

Dental complications

Endocrine dysfunction
Short stature®
Cardiometabolic traits

Second malignancy

Methods of Risk Reduction and Imiervention

Generally subsides in 1-2 days without intervention
Use of low dose-rate TBI
Anticmetics
SHT, receptor agonists (ondansctron. granisctron)
Dopamine agonists (metoclopramide, prochloperazing)
NK1 receptor antagonists (aprepitant)
H, histamine receptor antagonists (diphenydramine, meclizine)
Benzodiapepines (midazolam, lorazepam)
Steroids (dexamethazone)

Use of low-dose rate TBI

Use of lung blocks

Fractionation

Avoidance of chemotherapies associated with lung toxicity
Avoidance of infection, notably CMV

Avoidance of concurrent use of drugs that arc sources of toxic metabolites
and/or modify the endothelium:
Myecloablative drugs (BU, BONU, MTX)
Immunosuppressants (sirulimus, cyclosporine)
Antimicrobials (ketoconazole, amphotericin B, vancomycin. acyclovir)
Avoidance of BMT in the setting of active hepatitis or cirrhosis
Close monitoring of fluid: sodium balance post transplant
Role ol heparin prophylaxis remains unclear
Fractionation
Eve shielding
Pretransplant sperm/oocyte banking or harvest
Hormone replacement therapy if mdicated
Monitoring of blood urea mitrogen. creatinine, and GFR
T'reatment of post transplant chronic disease if indicated
Bone density monitoring and treatment, if indicated
Use of artificial salivary products
Monitoring of nutrition and impact on quality of life
Frequent professional cleaning and care
Addressing of sequelae that may impact self-care, including xerostomia,
mucosal pain, and ‘or trismus
Comprehensive endocrine monitoring with hormone replacement as indicate
Monitoring of growth hormone level during pubertal growth
Hypertension sereening, treatment if indicated
Dyslipidemia screening, treatment if indicated
Close momitoning of wt, body mass index and adipose distribution
Screening for msulin resistance/diabetes mellitus, treatment if indicated
Age-appropriate cancer screening
Yearly pap smear
Colonscopy and/or fecal occult blood testing

Hill-Kayse CE

Yearly mammogram with consideration of screening breast MRI et al 2010
Close monitoring of patient-reported symptoms




TBI

e Tarcna TBI

— TMI — kosti pri plazmocitomu

— TMLI = KM + limfaticni sistem, jetra, mozgnani in
testisi pri nekaterih limfomih

Tomoterapija

Dusenbery KE 2011




 VMAT TBI

i600,0 AT £'9 Symons et al 2018

1440,0 cby
1320,0 cby
1200,0 cGy

600,0 cby

* VMAT TMI

Aydogan 2011




e Protoni

* Radioimunoterapija

Method

Helical tomotherapy

Proton radiotherapy

Radioimmunotherapy

Descriprion

Rotating beam source with
multileal” collimator moving in
spiral pattern relative to patient

Heavy, charged particles that stop
in tissuc, producing Bragg-pcak.
The majority of radiation is
delivered within the Bragg-pcak
region, and may be delivered to the
target vol with mmimal exit dose
Radionucleotides conjugated to
antibodies that recognize specific
cell-surface Ags allows delivery of
radiation to specific cell-types

Extent of current study

Dosimetric studies demonstrating
reduction in median organ dose

DVH analysis showing potential for sale
dose escalation to marrow and other
regions

Ireatment delivered to one patient with

successful engraftment and limited toxicity

Studied and applied clinically for delivery
of CSI

Allows reduction of dose to most vital
organs during CSI

Studies in TBI have not been published

Agents recognizing CD20 clinically
available

Used widely to treat B-cell NHL outside of

BMT sctting

Phase 1 data demonstrating efficacy as part

of RIC regimens during BMT for NHL

Laboratory-based expansion of cell-surface

targeting 1s currently underway.

Porential benefits

Reduction of dosc to normal tissucs
Safe escalation of dose to BM, LN and
spleen

Delivery of myeloablative doses to
broader range of patients through
limiting toxicity

Reduction of dose to normal vital
organs through climination of exit dosc
Specific dose deposition in the BM, LN
and splecn.

An agent targeted 1o BM could allow
delivery of entire radiation dose to
marrow alone
All cells not expressing a specific surface
marker could then be spared, allowing
extreme ‘conformahty’ of radiation
delivery.

Hill-Kayse CE et al 2010



TBI

e Kljub ze dolgemu iskanju alternative TBI se
vedno najpogosteje uporabljana

-4
p—y
(=]
o

o0
o

* Mieloablacija z KT
— Manj poznih sopojavov

[v7]
o

Vp16-TBI (n=129)
Cy-TBI, TBI<13 Gy (n=118)
Cy-TBI, TBI=13 Gy {n=36)

Adjusted probability
of LFS, %
B
o

N
o

— Vec relapsov
— Prezivetje je enako

Adjusted probability o

Cy-TBI, TBIZ13 Gy (n=43)
Vp16-TBI (n=72)

Biol Blood Marrow transplant 2006; 12: 438-53 Cy-T8I, TBI<13 Gy (n=95)




Specialne tehnike v radioterapiji

Obsevanje s protoni in lahkimi ioni
klinicni aspekt
doc. dr. Uros Smrdel dr. med.




TIPI SEVANJA

ELEKTROMAGNETNO SEVANIJE

NEIONIZIRAJOCE IONIZIRAJOCE NABITI NENABITI
(INDIREKTNO)

mikrovalovi o nevtroni

radijsko B

IR protoni
vidna svetloba lahki ioni

uv




JEDRO Z

NADSTEVILNIMI
PROTONI
GAMA
SEVANIJE
a DELEC

OSCILACIJA NABOJA
V JEDRU




ZGODOVINA

* Robert Wilson 1946 — protoni bi se lahko
uporabljli v terapiji

— maksimalna doza znotraj tumorja

— znizanje doze na kriticnih organih




ZAKAJ?

stabilen pozitivnho nabit delec
1800 x masa elektrona

malo sipanja na poti skozi tkivo
ravna pot

interakcije so drugacne




LET

RBE

Poskodba DNK
Penumbra 80-20

Proizvodnja

Cas proizvodnje

Nizek
1

Posredna

Nizek (?)
1,1 (-2?)

Posredna

Do globine prbl. 10-15 cm ozja pri

protonih, nato Sirsa

Linearni
pospesevalnik

Kratek

Odvisna od globine,
zracne vrzeli,
tehnike (aktivna /
pasivna)

Ciklotron /
Sinhrotron

Kratek / dolg

Visok

2-3
Neposredna
Ozka

Sinhrotron

Dolg (EU / JP)




PHOTONS X PROTONS
Efticacité biologique relative EBR = 1

IONS CARBONE
EBR > 1

- Rayons

Tissus

SAINS

Dose aux Tumeur
tissus sains

Dose délivree

a la tumeur

Pommier P et al 2010

NEUTRONS



INTERAKCIJA S SNOVIO

Coulomb interactions with
atomic electrons .
Electronic (ionization ,excitation)

Coulomb interactions with
atomic nuclei .
“multiple Coulomb scattering.”

* Nuclear interactions with
atomic nuclel .

= Elastic nuclear collision

= Non elastic nuclear collision

®
L @4:
A Ty

https://www.slideshare.net/slideshow/proton-therapy/11802130



INTERAKCIJA S SNOVIO

* kot posledica teh interakcij

— DRUGACNA RAZPOREDITEV DOZE




RAZPOREDITEV DOZE

Hazem R 2023

Maximum dose at depth
(Bragg peak)

* nizka vstopna doza —
o m a kSi m a I n a d Oza V 32 ow entrance dose (plateau)

140-||e} 350P [e3SIp pidey

Braggovem vrhu

e za njim hiter padec doze

Goitein M 2010




S1VACICIOAVAYA N o

https://www.slideshare.net/slideshow/proton-therapy/11802130#21

* Visok linearni prenos enegije

e Bethe Blokova formula

. . 7 energy and
* Braggo vrh je odvisen od " yelosity

(decreasing)

energije

https://geant4-forum.web.cern.ch/t/testem7-bragg-peak-incorrect-for-high-energy-particles/11999




S1VACICIOAVAYA N o

ne moremo dobiti uniformne doze
ker je preozek

zato raztegnitev

stevilni zarkovni snopi z razlicno

energijo

Dromey B 2019




DOSEGANJE RAZTEGNITVE

* PASIVNI SCATTERING
* ,SCANED BEAM“




PASIVNI SCATTERING

range compensator
modulator

first second

s;ty scatterer
|

compensated e r tumor (1.¢.
range modulator target volume

Clement C et al 2014




»SCANED BEAM*“

Patient Putri WA et al 2023

Scanning
magnets

Tumor

Maximum
therapeutic
radiation dose

Magnetic Bohlen T 2009
scanner

Patient

shifter’ plate




Pasivna in aktivna tehnika

@PASIVNA TEH NIKA

Ozja penumbra
Robustnejsa
Hitrejsa

RAZPRSILNA
FOLIJA

@AKTIVNA TEHNIKA
UgodnejSa dozna porazdelitev

Manj pasivnih elementov

* Manj nevtronov

- ° . . MAGNETI
* Ni potreba individualna 1zdelava

Manj polj

BOLNIK




KOMPONENTE

Nozzle

Snout
Patient

pospesevalnik
transportni sistem

bunker

,gantry“,

. ‘-h
MiZa |




Accelerator
(Cyclotron)

lon source —___

Beam transpd&ation
components

Trikalinos TA 2009

Fixed beam
room

Rotational

gantries

https://www.arup.com/projects/the-christie-proton-beam-therapy-
centre (2024)




RBE

relativna bioloska ucinkovitost
protoni imajo enako kot fotoni

razlika je fizikalnih lastnostih in ne v bioloskom
ucinku

ucCinkovitust se povecuje, ko se povecuje LET
(na skrajnem dometu)




« Photon therapy Proton therapy
the interactions are stochastic. they are deterministic events .
they not easy to control . They easier to control .

At point of entrance,
It receive large amount of dose. It receive very small dose .

As they reached the tumor,
Continue to pass through tissue a sharp burst of energy released
at tumor and none beyond it.
Used for treat superficial tumors. ideal for tumors in or near
critical structures (brain, heart,
eye) pediatric cancers.




Razporeditev doze

Doza v zdravih
organih

Cas obsevanja

Cena
Velikost naprave

Robustnost

Velikost polja

Omejitve

Sekundarno
sevanje

lzocentricno
obsevanje

Konformna

Vedja

Krajsi

Nizka
1 soba
Visoka

Vecje (40 x 40 cm)

Nad 10 MV

DA

Konformna

Manjsa

Daljsi

Visoka
Vecja (pospesevalnik)

Anatomske spremembe
Domet delcev
RBE

Manjse (30 x 40 cm)
Fiksna linija (ogljik)

Vedno prisotno
(nevtroni)

NE (protoni)
DA (ogljik)

Eskalacija doze
Redukcija doze

Jakost zarka
Stevilo plasti/polj

Padajo
Padajo

Robustna optimizacija
Redne slikovne
kontrole

Krpanje polj
Alternativna
imobilizacija, napotitev
v drugi center

Veliko nizje pri aktivni
tehniki

Modeliranje v
planirnem sistemu




KLINICNA RABA

znizanje skupne doze v normalnih tkivih
zviSanje doze v tumorju

sCitenje organov v blizini (o€i, mozgansko
deblo...)




KLINICNA RABA

pediatricni tumor;ji

— meduloblastom — obsevanje cerebrospinalne osi
— kraniofaringeom

— sarkomi

prostata

tumorji baze lobanje
obnosni sinusi

Gl tumorji — pankreas, HCC




KLINICNA RABA

scitenje — baza lobanje

lokalna kontrola — prostata

izogibanje poznim posledicam — pediatrija
geometrija — melanom zilnice

velik volumen — meduloblastom pri otrocih




KLINICNA RABA

Table 1. Particle RT of Uveal Melanomas

No. of
Study Year Institute Study Type Patients RT Modality Results
Egoer et al'” 2003 PSI, Switzeriand P 2645 Proton RT 5-/10-year eye retontion. 88 9%/86.2%;
after optimization of technique
100% small, 99.7% medium, 89.5%
large tumors
Courdi et al'® 1999 Nice, France H 538 Proton RT, 567.2 CGE LC: 89%; OS: 73.8%; metastases rate
2%

Char ot al'? 1993 San Francisco, CA Phase il 184 Helium-ion RT v '™ BT; maximum Recurrence/eye enucieation rate higher
diameter < 15 mm; thickness after BT, but more anterior segment
< 10 mm complications after helium-ion RT

Fuss ot a 2001 LLUMC, United States 2 8 Proton RT; medium and large S-year LC: 90.5%
tumors

Dendale et al'* 2006 CPO, France R 1,406 Proton RT, 60 CGE S-year LC: 96%; 5-year OS: 79%

Gragoudas et al’ 2000 MGH, Boston, MA Phase Il 188 Proton RT, 50 CGE v 70 CGE No difference for LC, less visual field
small- and medium-sized oss after 50 CGE
tuMmors, Near optic disc
macula

Desjardins et a”® 2003 Paris, France R, 2 arms 1,272 1251 BT for small anterior tumors; S-year LC: 96% (protons) v 96.25%
protons for tumors at equator {**5)
and posterior equator < 12 mm

Castro et al'® 1997 San Francisco, CA P 347 Helum-ion RT, 48-80 CGE; dose byear LC: 96%; 5-year OS: 80%; at 4
search tria CGE, 5-year LC. 87%

Damato et al'® 2005 Liverpool, United Kingdom P 88 Proton RT, 63.1 CGE; iris 4-year LC: 96.7%
melanoma

Hocht et al'® 2004 Berlin, Germany P 245 Proton RT, 60 CGE 3-year LC: 95.5%; 3-year eye retention:

875%
Tsujii ot a?* 2006 NIRS, Japan P 57 Carbon RT, 60-85 GyE; dose- 3.year LC: 97 4%, 3-year eye retention

escalation trial; Brge tumors

91.1%.; 3-year 0S: 882%

Abbreviations: R

LC, local control;

Ne

e,

odine-125; BT, brachytherapy. LLUMC,

T, radiotherapy; PSI, Paul Scherrer Institut; P, prospective nonrandomized; R, retrospective nonrandomized; CGE, cobalt gray equivalents
overall survival; phase lll, prospective randomized phase 11l trial; '~

Loma Linda University

edical Center; CPQO, Centre de Protontherapie d'Orsay. MGH, Massachusetts General Hospital Boston; NIRS, National Institute of Radwlogical Sciences
Chiba, Japan; GyE, gray equivalents
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Table 2 Proton RT in Pediatric Tumors

SIJG" No. of
Study Year Institute Type Patients RT Modality Results
Yock et al®’ 2005 MGH, Boston, MA B 7 Proton RT + standard chemotherapy; LC comparable to photon trials, but
orbital rhabdomyosarcoma dose to normal tissue can be
reduced
McAllister ot al”® 1997 LLUMC, United R 28 Proton RT, pediatric brain, head, and Low acute toxicity
States neck tumors
Habrand et aF® 1999 CPQ, France © B Proton RT; pediatric CNS tumors 4 of 8 patients had treatment-
related Iate toxicity
Yuheota 2004 LLUMC, United P 3 Proton AT, craniospinal AT Elimination of exit dose, reduction
States medulloblastoma of toxicity in children with a
history of myelosuppression
Hug et al*’ 2002 LLUMC, United S 27 Proton RT, 50.4-63 CGE; low-grade Mean follow-up: 3.3 years, control
States astrocytoma rates comparable to photon BT,
mild toxicity
Hug et al 200 MGH, Boston, MA R 29 Proton RT or photons + protons Meaan foliow-up: 40 months; 5-year

chordoma, n 10;
chondrosarcoma, n = 3: RMS
n = 4; other sarcoma, n = 3;
benign tumors, n = 9

LC: 72%; 5-year OS: 56%:;

J
severe late effects: 7%

Abbreviations: RT, radiotherapy; MGH, Massachusetts General Hospital Boston; R
y. C

Medical Center; P, prospective tnal; CPQO, Centre de Protontherapie d'Orsa

retrospective nonrandomized; LC, local control; LLUMC, Loma Linda University

GE, cobalt gray equivalents; RMS, rhabdomyosarcoma
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Protons Standard photons

Deepak KD 2016

The Exit dose from photon
therapy exposes the thyroid,
heart, lung, gut, and gonads to
functional and neoplastic risks
that can be avoided with
proton therapy.



Hordom kriznice: fotoni, protoni in
ogljik

% of 70,00 Gy
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Negotovosti pri dometu / Robustnost

Kost
Zdrava tkiva Zdrava tkiva

Hadroni

Kost
Zdrava tkiva Zdrava tkiva




ahatoMSKE SPREMEMBE

e Sprememba dometa zarkov
— Premik visokodoznega obmocja v zdrava tkiva
— lzguba pokritosti tarce

Berman AT et al 2015




R ; Tl e b IR

32 days (44 GyE)

Fukumitsu N et al 2014

Before 53 days (60 GyE)




Fukumitsu N et al 2014
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Medulloblastoma: Late Toxicity

Table 1 Estimated risk of radiation-induced cancer by
radiation delivery technique following spinal irradiation
for childhood medulloblastoma

Radiation delivery Risk of radiation-Induced
technique cancer, %

tensity modulated x-ray beam
tlectron beam
Conventional x-ray bean
Intensity modulated electron bean

Intensity modulated proton beam

Deepak KD 2016
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Table 3. Particle Tharapy of Skull Base Chordomas

Study No. of
Study Yoar Institute Type Patients RT Modalit Results
Colli and AlMefty* 2001  Sao Paulo, Brazil - 53 Protons v conventional RT A-year LC: 909% v 194%
Noel et al** 2005 CPO, France P 00 Photons + protons, 67 CGE 4-year LC: 538%; 5-year OS: B0.5%
Weber et al™ 2005  PSI, Switzerland - 18 Proton AT, 74 CGE 3.year LC: B7 5%, 3-year OS:
93 8%, 3-year complication-free
survival: 82.2%
gaki et aP*’ 2004 Tsukuba, Japan - 13 Proton RT or protons + b-year LC: 46%; 5-year OS: 66.7%
r‘,h otons .u._ L'JE
Castro et al*® 1 LBL, United States : 53 Heliumyneon ions, 65 CGE B-year LC: 63%
Terahara et a® 1999  MGH, Boston, MA - 115 Proton AT, 68.9 CGE B-year LC: 59%:; 10-year LC: 44%
Hug et al* 1999  LLUMC, United States 3 KX Proton RT, 70.7 CGE B-year LC: 59%
SchulzErtner etal™ 2004  GS!, Germany : 44 Carbon ion RT, 60 CGE 4-year LC: 74%: 4-year OS: B6%
Abbreviations: RT, radiotherapy; R, retrospective nonrandomiz E‘u LC, local control; CPO, Centre de Protontherapie d' "sa) P, prospective tnal, CGE, cobalt gray

equivalents; OS, over

Linda University Medical Cente

il survival; PSI, Paul Scherrer Institute; LBL, Lawrence Berkeley Laboratory; MGH, Massachusetts
r, GSI, Geselischaft fir Schwerionenforschung

eneral Hospital Boston

n; LLUMC, Loma




Avtor

Leto

Bolniki

Delec

Doza

LC

0sS

Hordom: protoni in ogljik

Hug et al

1999

33
p+
70,7 GyE
5L: 59%
5L: 79%

7%

Igaki et al

2004

13

b+

72 GyE
5L: 46%
5L: 67%

2 bolnika

Weber et al

2016

151

p+

74 GyE

7L: 70,9%

7L: 81,7%

8,1%

Ares et al

2009

42
p+
73,5 GyE
5L: 81%
5L: 62%

6%

Schulz-

Ertner et al

2007
96
C12

60 GyE (3
GyE / fx)
5L: 70%
5L: 88%

5%

Hasegawa
et al

2009
34

C12

48-60,8 GyE

(16 fx)

5L: 85%
10L: 64%

5L: 88%
10L: 67%

0

Tsujii et al
2012

47

C12

60,8 GyE
(16 fx)

5L: 88%
10L: 80%

5L: 87%




HORDOMI: Razmerje med dozo in
odgovorom

Romero 1993 (3). n=18, 1.5-2 CGE/Fx

Zorlu 2000 (31); n=18, 2 CGE/Fx

Debus 2000 (25); n=3711.8-2 CGE/Fx

Castro 1994 (26): n=53'2 CGE/Fx
Munzenrider 1090 (6): n=180/1.8-1 92 CGE/Fx
Terahara 1999 (30): n=115/1 8-1.92 CGE/Fx
Hug 1993 (5): n=33/1 .8 CGE/Fx

Present study: n=84/2 CGE/Fx

Present study: n=12/2 CGE/Fx
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Median dose (CGE) Schulz-Ertner D et al 2007




hondrosarkomi: protoni in ogljik

Avtor

Leto

Bolniki

Delec

Doza

LC

0sS

Hug et al
1LE)S

25

p+

70,7 GyE
5L: 75%

5L: 100%

7%

Weber et al

2016

77

p+

64-76 GyE
8L: 89,7%

8L: 93,5%

7,8%

Ares et al
2009

22

p+

68,4 GyE
5L: 94%
5L: 91%

6%

Schulz-
Ertner et al

2007
54

C12

60 GyE

4L: 90%

4L: 98%

2%

Combs et al

2009
17

C12

60 GyE

5L: 94%

5L: 100%

Tsujii et al

2012

71

C12

60,8 GYyE

5L: 60%

5L: 60%

4 bolniki

Uhl et al

2014

79

5L: 88%
10L: 88%

5L: 96%
10L: 79%

0




Avtor
Diagnoza

Leto
Bolniki

Doza

ORL: Ogljik + / - fotoni

Schultz-Ertner
et al

ACC

2005
63

med f + C12;
72 GyE
med f: 66 Gy

4-year ph+c:
77,5%
4-year ph:
24,6%

no difference

1 bolnik (f)
mukoz G3

Jensen et al

ACC & slinavke
89% ACC

2015
54

f+ C12: 24 +
50 Gy GyE

3-year: 81,9%

3-year: 78,4%

ak: 24%
mucosa
poz: 1 pt G4

Jensen et al

ACC

2015
309

f+ C12: 24 +
50 Gy GyE

3-year: 83,7%
5-year: 58,5%

3-year: 88,9%
5-year: 74,6%

ak: 16% muc,
3% skin

poz:
,tolerable®

Jensen et al

Ne-ACC
slinavke

2016
40

med f + C12;
74 GyE
Ci2: 66 GYE

3-year: 66,8%

3-year: 72,8%

ak: 15% muc,
20% disf G2+
poz: X G2+

Hasegawa et al
ACC

2014
141

Cl2: 57,6-64
GYyE

5-year: 75,9%

5-year: 72,2%
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Table 6. Particle Therapy for Prostate Cancer

No. of
Study Year nstitute Study Type Patients RT Modality Rasults
Slater et af®® 2004 LLUMC, United 1,255 Proton RT, 74-75 CGE:; localzed DFS comparable with other forms of
States prostate cancer local therapy, minimal morbidity
Yonemoto et a®’ 1997 LLUMC, United phase Vi 106 Photons, 45 Gy pelvis + 2-year grade 1-2 toxicity: 12%; no
States protons, 30 CGE prostate grade 34 toxicity, 2-year PSA
normalization: 96% (PSA 4-10 ng/
mL), 97% (PSA 10-20 ng/ml),
63% (PSA > 20 ng/mL); 2.8%
ocal recurrence
Nihei et al®® 2005 NCCHE, Japan - phase Il, one 30 Photons, 50 Gy Late grade 2 toxicity; GU: 10%; Gl
arm prostate/vesicles + proton 10%:; no late toxicity > grade 2,
boost, 26 CGE; TI-3NOMO biochemicai relapse in six of 30
prostate cancer patients
Zietman et al 2006 MGH, Boston, MA > randomized 393 Photon AT, 70.2 Gy v photon + 5-year bDFS: 61.4% (photons) v
phase | proton RT, 79.2 CGE; T1b-2b 80.4% (photons + protons); late
PSA < 15 ng/mL toxicity > grade 2: 2% v 1%
Slater ot al™® 1999 LLUMC, United 119  Protons or protons + photons, 5-year bDFS: 88%, no severe
States 74-75 CGE; prostate cancer toxicity; biochemical control rates
T1-2Zb, PSA < 156 mg/mL comparable to radical
prostatectomy. no significant
toxicity
Shipley et aff 1995 MGH, Boston, MA . randomized 202 Photons, 67.2 Gy v photons Median follow-up: 61 months;

phase Il trial

504 Gy + perineal proton
boost, 26.2 CGE; T34
prostate cancer

mproved LC only in patients with
poorly differentiated tumors
treated with high-dose RT, grade
1-2 rectal bleeding rate
significantly higher in the high-
dose arm (32% v 12%) as well as
urethral stricture (19% v 8%




ORL — LOKALNA KONTROLA
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Schultz-Ertner et al., Cancer, 2005




ORL - PREZIVETJE
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Schultz-Ertner et al., Cancer, 2005




locoregional contral

B rhotons
B

Lo 1

time [manths]
numbers at rish:
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Figure 1. Locoregional control is illustrated in patients with
adenoid cystic carcinoma who received CI12+IMRT (the C12
group) versus those who received IMRT/FSRT only (the pho-
ton group). The locoregional control rate in the CI2 group
versus the photon group was 83.7% versus 55.6%, respec-
tively, at 3 years; 59.6% versus 39.9%, respectively, at 5 years;
and 42.2% wersus 32%, respectively, at 10 years (P =.033).
The dashed lines correspond to the 95% confidence interval.

(Jensen et al., Cancer, 2015)

overall survhval

B rhotons

time |months)

nismnbsrs at gisk

C12: SR 55 50 41 26 I5 ]

ghetens; 37 n i i 4] 1 7 ¢ i
Figure 3. Owerall surwvival is illustrated in patients with
adenoid cystic carcinoma who received C12+IMRT (the C12
group) versus those who received IMRT/FSRT anly (the pho-
ton group). The overall survival rate in the Cl2 group versus
the photon group was 89.6% wversus 70.2%, respectively, at 3
years, 76.5% versus 58.7%, respectively, at 5 years; and 44.2%
versus 19.6%, respectively, at 10 years (P =.015). The dashed
lines correspond to the 95% confidence intervals.

Schultz-Ertner et al., Cancer, 2015
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SECOND MALIGNANCY

* Harvard Cyclotron Laboratory
* Matched 503 HCL proton patients with 1591 SEER patients
* Median follow up: 7.7 years (protons) and 6.1 years
(photon)
* Second malignancy rates
* 6.4% of proton patients (32 patients)
* 12.8% of photon patients (203 patients)

* Photons are associated with a higher second
malignancy risk: Hazard Ratio 2.73, 95% CI 1.87 to 3.98,

p< 0.0001
Chung et al. ASTRO 2008
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trenutno Se brez centra
Trento, Pavia, Wilingen, Wiener Neustatt

sodelovanje sedaj predvsem pri pediatricnih
tumorjih s Trentom, zanimajo se tudi v Avstriji

vecinoma protoni

najvec izkusenj s ogljikom imajo v Evropi v
Heidelbergu




