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Specifika pri IMRT prostaty: ¥
S

Davka na PTV min. 72 Gy, CTV moze eskalovat az na
82Gy s redukciou davky na MM a Rektum

Pri jednotlivych frakciach nie je mozné zabezpedit
identicku poziciu cielového objemu resp. OR

Prostata ukazkovy priklad kombinacie setup a internal
marginu

SM — nepresnost nastavenia pacienta

IM - zmena naplne MM a Rekta moze vyrazne zmenit

- polohu g

- tvar prostaty o "“'

-




Specifika pri IMRT prostaty: v

o]
- Eskalacia davky

- Cielovy objem v blizkosti OR

- Velka pravdepodobnost’ nepresného
nastavenia vdaka slabej fixacii a neustale sa
meniace] napini MM a Rekta

— Nutné robit IGRT
idealne online IGRT




— Obrazova verifikacia
spravneho nastavenia

e IGRT pred oziarenim — (fUzia na zaklade
kostennych struktdr, zfn, alebo kontUr prostaty) —
nikdy nezahrna intrafrakcne,

Iba interfrakcne pohyby

e IGRIl pred aj pocas ozarevania - zanrna ako
Interfrakcne, tak aj intrafrakcne pohyby




Verifikacia pozicie interfrakéné pohyby
IGRT pred oziarenim

e Kontrola ortogonalnymi snimkami z EPID alebo X-ray
(manualna alebo automaticka 2D/3D registracia kostennych struktdr)

e MV alebo kV ConeBeamCT resp. kontrolné CT
- automaticka 3D registracia pomocou kostennych Struktr
- manualna korekcia targetu (CT resp. kV CBCT zobrazeni)

e Kontrola pozicie lokalizacnych zrn pomocou portalu

(min. 3-4 fidutial markers umiestnenych do odporucanych pozicii
prostaty)

e Ultrasound alignment (BAT)
e Electromagnetic transponder system




Van Herk et al., “The probability of correct
target dosage: dose-population histograms
For deriving treatment margins in
radiotherapy”, IJROBP, 47(4), 1121-1135.

Interfraction Motion

e Interfraction motion: target position day-to-day
difference

Fig. 1. Simulated visuahzation of the effect of tumor motion, setup error, and delineation error on the dose delivery m
radiotherapy. The standard deviation of both setup error and organ motion 15 exaggerated: both are 6 mm in x and ¥
dwection. The PTV margm 1= 10 mm (3) Assume that the indicated region 15 the “true™ chmcal target volume (CTV),
Le., the rezion with tumor cells. The (white) cross wires mndicate the room lasers. (b-d) Due to setup emor on the CT
scanner and organ motion, the four CT scans are not identical (e) CT4 1s used for planning, and the delineation (black
contour) adds some extra emor, because the “true” CTV 15 mvizible. (f) The planming 15 based on the delneated CTV.
(g-1) For each treatment fraction, the error made in the treatment preparation phase 15 reproduced, causing a systematic
shaft of the “true™ CTV relative to the delivered dose distnbution. In addithon. random movements (treatment execution
vanations) occur due to tumor motion and setup ervor. As will be demonstrated m this paper, 2 PTV margin of 17 mm
would have been more appropnate for this situation
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Evaluation of Inter- and Intrafraction Organ Motion during Intensity
Modulated Radiation Therapy (IMRT) for Localized Prostate Cancer
Measured by a Newly Developed On-board Image-guided System

Keith R. Britton, Yoshihiro Takai, Masatoshi Mitsuya,
Kenji Nemoto, Yoshihiro Ogawa and Shogo Yamada

Prostate interfraction (organ + setup) discrepancy of target isocenter between daily measured
position and DFFP system isocenter
Right-left Cranial-caudal Anterior-posterior
Mean Mean ; Mean
Range magnitude SD Range magnitude SD Range magnitude SD
(mm) (mm) (mm)
(mm) (mm) (mm)
1 {—0.310 3.7% 3.20 241 {—2.6 to 6.7} 4.00 2.19 {—2.1to 2.8} 1.60 1.05
2 {-2.3t02.7} 1.40 0.70 {—2.5 to 3.2} 1.60 0.90 1—13.4 to —0.9} 9.00 3.50
3 {—10.5 to 6.0} 2.68 2.29 {=7.1 t0 —0.3) 3.87 1.99 {—5.3 t0 4.6} 1.42 1.50
4 {—1.6 to 1.8} 0.83 0.61 {—8.6 t0 0.0} 4.62 2.48 {—11.3 to 4.0} 3.36 3.20
5 {—1.9 t0 5.7} 1.39 1.36 {(—4.2 to0 3.7} 1.77 1.25 {-4.21t012.1} 3.34 2.9
6 {—=0.7 to 4.1} 1.77 1.16 {—6.3 t0 0.3} 3.41 1.64 {—13.11t0 0.0} 6.59 2.97
i {—2.3 to 4.6} 1.53 1.09 {0.0 to 9.3} 4.60 1.68 {—11.9 to 5.9} 3.48 3.02
8 —1.0 to 9.0} 1.25 1.64 {=1.5 to 2.7} 123 0.78 {=3.5t0 5.7} 1.42 1.22
all {—2.5 to 4.95} 1.76 1.41 {—4.6 to 3.2} 3.14 1.61 {-8.9 t0 4.2} T8 2.40
~Abbreviations: mm (millimeters); SD: standard deviation: range values represent extreme values of marker shift in each direction ().



Radiation Medicine: Vol. 23 No. 1. 14-24 p.p., 2005

Evaluation of Inter- and Intrafraction Organ Motion during Intensity
Modulated Radiation Therapy (IMRT) for Localized Prostate Cancer
Measured by a Newly Developed On-board Image-guided System

Keith R. Britton, Yoshihiro Takai, Masatoshi Mitsuya, . . .
Kenji Nemoto, Yoshihiro Ogawa and Shogo Yamada Fl'equenCy of interfraction motion.
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A total of 214 treatment
fractions were analyzed
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Fig. 2. Overall patients’ interfractional target isocenter (GS-1-
iso) frequency distributions relative to laser-skin marks, by axis.
Right-left (R-L), cranial-caudal (C-C), and anterior-posterior
(A-P).




IGRT

Interfraction Motion
e dally setup CBCT alignment to simulation CT

Alignment using bone Alignment using seeds

Table Correction
Lateral
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Interfraction prostate motion led to prostate relative position to pelvic bone
different between treatment day and simulation day




IGRT

> 3D ConeBeam MV CBCT -8MU




IGRT

> 3D ConeBeam kV CT




USG

BATCAM multiprobe
o |

> Bi-planar Rectal Probe
> Small Parts Probe




Interfraction motion

Nepresne nastavenie - 5mm posun AP

| Dose Yolume Histogram
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3D MAXgfor PTV=CTV 10/8mm: 107.6 % " y43 ¥ % . = 3D MAXtfor PTV=CTV 10/8mm: 107.3 %

3D MIN for PTV=CTV 10/8mm: 67.8 % | . 3D MIN for PTV=CTV 10/8mm: 89.9 %
MEANIFOFPTV=CTV 10/8mm: 102.3 % ' > MEANf3HP

[%]

E
2
5
=
o4
]
=)
3]
C
A
T\
]
e
s
kel
Il
=

~ |
4l
a0 E R
Relative dose [%] @08y, Head Flrf’?@ap
Z: -85.18 cm

" w Head Fir! p ; aq
i Z:-85.13 cm Z g

3 e
"!: Y: -18.24 cm ? X: 1.14 cm




Interfraction motion

Nepresné nastavenie smm posun vetky polia

| 5 mm posun dors




Frequency of interfraction motion.

Interfraction motion

Nepresné nastavenie

e ak nerobime systematicku chybu
e tak denné nastavenie = nahodna chyba

e ak sa s chybou nastavenia zmestime do
odporucaného marginu, malo by byt CTV
ozlarené v poriadku

e aj kritické organy dostanu +- rovnaku davku

e pokial sa nepridruzi dalSia chyba




Verifikacia pozicie intrafrakéné pohyby
IGRT pocas ozarovania

e 2D Images X-rays resp. MV images
e X ray — fluoroscopy (BrainLab, Novalis Tx...)

e Electromagnetic transponder system (calypso)
e Real Time MRI during treatment

2 MoZnNosti:
> Stopnutie oziarenia mimo povolenej tolerancie
> Online korekcia na translaciu resp. rotaciu

(v kombinacii so 6D stolom)




IGRT

> 2 X X-rays

Novalis Tx — mozna okamzita korekcia 6D stolom




Electromagnetic Tracking

Response Waveform
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EM Transponder Tracking in RT

m Calypso tracking




EM Transponder Tracking in RT

m Tracking data from VCU

One of the session of Patient 1 One of the session of Patient 2

Zhong Su, Ph.D.
University of Florida Proton Therapy Institute




Prostate Intrafraction TranslationMargins for Real-Time

Monitoring and Correction Strategies
DaleW. Litzenberg et. all. Prostate Cancer, Volume 2012, Article ID 130579
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Intrafraction motion

Nepresné nastavenie kazdé poleiné 1ZO
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Intrafraction motion

Nepresné nastavenie kazdé poleiné 1ZO
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Intrafraction motion

Nepresné nastavenie individ. posun pora

I | Povodny plan I | Polia s ind. posunom
4 21.6 28.8 36 emrlol 43.2 50.4 57.6 64.8 72




Interfraction + Intrafraction motion

Nepresné nastavenie kombinacia chyb

|| — IMRT prostata - Treatment Approved - Tra... |E|

Isodoses (%) 3D Dose MAX: 108.4 % ) Dose [Gy] Isodoses (%) 3D Dose MAX: 107.3 %

1080 3D MAXfor PTV=CTV 10/8mm: 108.4 % 9 : 28.8 PN z A = (ST 30 MAX for PTV=CTV 10/8mm: 107.3 %
3D MIN for PTV=CTV 10/8mm: 45.9 % 1 3D MIN for PTV=CTV 10/8mm: 89.9 %

105.0 3D MEAN for PTV=CTV 10/8mm: 101.1 % 3D MEAN for PTV=CTV 10/8mm: 103.2 %
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Interfraction + Intrafraction motion

Nepresné nastavenie kombinacia chyb

7.2
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Zaver |.

e Pri prostate je nutné robit IGRT, sledovat a prip.

korigovat’ interfrakcné aj intrafrakéné pohyby

Napriek modernym sofistikovanym metodam
sledujeme iba zmeny polohy, nie tvaru prostaty




Zmena tvaru prostaty

Zavisla :

e 0d velkosti prostaty
e konzistencii prostaty
e naplne rekta a MM




Regisiracia na

kostenné Strukidry Zmena tvaru prostaty

Objem 13ccm

CT po aplikacii BT
CT po mesiaci




Regisiracia na
kostenné strukttry.

Zmena tvaru prostaty
Objem 13ccm

- Minimalne rozdiely v
tvare aj pozicii prostaty

- Minimalny vplyv naplne
recta resp.MM




Regisiracia na

kostenné Strukidry Zmena tvaru prostaty

Objem 31ccm
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CT po aplikacii BT
CT po mesiacl

Flisiap series G107




Regisiracia na

kostenné Strukidry Zmena tvaru prostaty
Objem 31ccm

- Rozdiely
- baza az 6-7mm,
- apex 3mm
- zZnacny vplyv naplne rekta




Regisiracia na

kostenné Strukidry Zmena tvaru prostaty

Objem 61cecm
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CT po aplikacii BT
CT po mesiaci
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Regisiracia na

kostenné Strukidry Zmena tvaru prostaty
Objem 61cecm

Prostata, sem.ves., rectum, bladder zakreslené v CT-2, zobr. v CT-1




Regisiracia na

kostenné Strukidry Zmena tvaru prostaty

Objﬂe_‘mﬁlﬁlccm

Rozdiely konzistencia
. béaza az 12-15mm, ,platova’
- apex 3mm

- Extremne velky vplyv naplne rekta resp. MM




Regisiracia na

kostenné Strukidry Zmena tvaru prostaty
Objem 61cecm
konzistencia ,blatova“

Aplikacia
povodneho planu
na aktualny stav

o napriek presnej
Y kostennej registracii
) a moznej jemnej
korekeli fidutial
markers.

Napriek tomu e
nedostatocne
oziarena oblast
bazy prostaty a
_» Vyrazne zasiahnuta
oblast rekta




Zmena tvaru prostaty

Pri mensich a pevnych prostatach je sledovanie pohybov pomocou
elektromagnetickych zfn idealne

Ale ak ma prostata makku ,blatovi® konzistenciu (15-20% prostata
nema pevny tvar) tak vyrazne reaguje na naplne rekta a MM (¢im vacsi
objem prostaty, tym vacsia deformacia)

Ozarovanie sem. vackov pri vyssom stadiu je priamo zahrnuté v PTV,
ale nie je sledované pri registracii interfrakcnych ani intrafrakCnych
pohybov ani pomocou fiduc.markerov

Ozarovanie trva viac ako 1,5 mesiaca, kedy moze nastat zmena
anatomickych pomerov, reakcia na oziarenie, androgennu blokadu




Nutné robit IGRT, sledovat” a prip. korigovat

— Interfrakcné pohyby

— Intrafrakcné pohyby
Na SR pracoviskach — slabé technické vybavenief® =

Uz pri zakreslovani SM a IM brat’ do Gvahy technlcke moznosti a
pouzitie IGRT na danom pracovisku

Individualitu pacienta velkost prostaty, spolupracu pacienta

Na redukciu pohybov vdaka roznej naplnil rekta dosledne poucit
pacientov na striktne dodrziavanie stravovacieho rezimu, denne
ranne vyprazdnenie (laxativa, glycer. capik), odplynenie
(Espumisan), pitny rezim

KedZe kV CBCT je v SR vzacnost, aspon raz za 2 tyzdne spravit
nove CT a prepocitat’ plan na novom CT

Presvedcit vedenie, ze registracia iba pomocou kostennych
Struktdr je v urcCitych pripadoch absolutne nedostacujuca




Vizie do budicnosti — OUSA ¥

Adaptivna externa radioterapia
e Real Time MRI during treatment

e Na zaklade histoscanningu eskalacia davky do
prislusnych oblasti

© © ©
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Ako bonus - hadanka

e Co je natomto CT obrazku pre planovanie
IMRT prostaty spravne zakreslené ?




