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External Isin RT

Radyasyondan 3 ay sonra
Ven Tikanmasi Hastaligi
Progressive parenchymal hasari ve fibrosis
KC fonksiyonlarinda bozukluk
Post-sinusoidal Portal Hipertansiyon
Asit birikmesi

Radyasyona Bagh Karaciger Hastaligi
(RILD)
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Dose Histogram
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® Ven tikanikligi yok

Karaciger Fonksiyonlarinda bozukluk yok
Portal Triaditis, Fibrosis yok
Pre-sinusoidal Portal Htn yok

Asit biriimi yok




Y-90 Radyonuklidinin Fiziksel Ozellikleri ve
Goruntulenme prensibi

bir hizla uygulanmaktadir.

Y-90 mikrokdre tedavisinde, ¢aplar1 35-40 um olan ",*'-"';
radyoaktif kiirecikler viicut icerisine hepatik : \

CATHETER
arterden IV uygulanir. —
Karaciger icerisindeki tiimoriin kanlanmasi, normal e
® oo f
karacigere gore yaklasik 20 kata varan oranda
fazladir. Bu nedenle karacigere giren mikrokureler ¥-90 mikrokitre uygulamast

timorde daha ¢ok birikerek 1sinlama yaparlar.

Tedavide normal karaciger dokusu minimum
1sinlanarak korunmus, timor maksimum
1sinlanarak tahrip edilmis olur.

KC de tiimor damarlanmasi



Y-90 Radyonuklidinin Fiziksel Ozellikleri ve
Goruntulenme prensibi

Y-90 fiziksel 6zellikleri

Ortalama enerjisi  0.930 MeV Max. 2.27 MeV
Dokuda range 2.5 mm 12 mm

T,, =2.67gun (tedaviden sonraki 14 gun etkili, 11 gtin %94 etki)

PET gorunttlemede 32/1000 K verimli, 511 keV enerjili
anhilasyon fotonlari

Gama kamera gorunttlemede 55-285 keV arasi
Bremsstrahlung 1sinlar1 vardir.



Y-90 mikrokureleri

gr basina, 1y1 dagilim
@ Intraoperativ gama prob ile KC de salinan doz 6lgiilebilir.

MAA partikulleri de Y-90 mikrokdreleri ile benzer ¢aplarda
MAA ile hepatik sintigrafi yapilir. AC’e sant olup olmadigi belirlenir

® @

Kontraendikasyonlari:

Sant varsa, >30 Gy AC dozunda radyasyon pénomonisi
Gonadlara ve kirmiz1 kemik iligine etkisi yok (range <2 mm)
Doz asiminda portal triad injury yaptigi belirlenmis

® &6 @

®

(Ingold JA, Amr J Roent. 2008)



Y-90’1n Bremsstrahlung ve Anhilasyon Fotonlar

L Electran

Bu etkilesme sonunda Bremsstrahlung (X-1sinlar) Nucle s

1sinlan ¢ikar. Emitted
Photon
A
Bu 1sinlardan yaralanilarak gama kamera
goriintiileri alinir. © 0.0 YELO
Gama kamerada, Y-90’1n 55-285 keV genis 10603
enerji band arahgindaki Bremsstrahlung
isinlarindan, 1080t
1.0E-06
PET gorinttlemede ise Y-90°1mn 511 keV o o o o
enerjili anhilasyon fotonlarindan 110600 i L
yararlamlir. ENERGY (MeV)

Michael G. Stabin, Keith F. Eckerman, et al.
J NuclMed1994;35:1377-1380



Kapiller Tip Calismasi ile uzaysal Rezollisyon Ol¢iimii
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Hasta Calismasi

«  Goriintiiler tizerinden tiimor lokalizasyonu belirlenerek kontrastlar hesaplandi
«  SPECT goriintiileri ile PET/BT goriintiileri arasinda mukayese yapildi

ROI zemin

ROl sinyal

ROI zemin

ROI sinyal

SPECT



GAMA KAMERADA Y-90 iLE FANTOM KONTRAST HESABI

K anterior K posterior K orravama

4,10 2,90 3.50

5,80 3,02 2.41

9,76 5,27 7.171

10,88 5,41 7.643 _
110 keV 9,69 6,18 7.738 .
120 keV 9,66 5,17 7.066 voeoal
140 keV 3,51 3,73 5.634

1.0604 F
160 keV 3,65 2,11 2.88 :
180 keV 3,40 2,46 2.93 vocos|
200 keV 2,12 1,46 1.79 F [ —wrowa  -orowa - vora |
220 keV 2,50 1,14 1.82 " oo 00 01 .
ENERGY (MeV)

240 keV - - -
260 keV 2,85 0,29 1.57

*Y-90’tn Gama kamerada tiim viicut planar modda ¢ekilen fantom

goriintiilerinde en yiiksek verimli Bremsstrahlung pikinin 110 keV enerjide oldugu
goéralda.



Y-90 doz hiza ol¢ciimleri

(Cerrahpasa Deneyimleri)

@ Enjeksiyon

@ Ocmde.......... 4.374 uSv/h
@ 50cmde........ 2.311 pSv/h
@ 100cmde ..... 0.864 uSv/h

Taburcu islemi
lmden.......... 3.52 uSv/h (24 saat sonra, hasta viicudundan)

® @

@ Hasta atiklari
@ Poset ylizeyinde ..... 0.51 uSv/h

@ NOT: Radyasyon gorevlileri icin max. miisaade edilen doz hizi 10 uSv/h



Segmental Tedavi

EKIP

-Cerrah
-Niikleer tip
-Medikal fizikci
-Girisimsel radyoloji ~




SIRSPHERES
Yazili Direktifler

volume of tumour

Activity of SIR - Spheres in GBg =(BSA-0.2)+ [

volume of tumour +volume of normal liver




RMT Dozimetride Anahtar
Noktalar

< 1umor ve aracigcer
microvaskuler yatak

@ Karaciger hacmi

¢ Radyofarmasotigin @ Akciger sant

Fiziksel yartlanmas1 @ Third spacing™



Tumor Compartment

Hematogenous'
metastasis via
portal vein




@ Partikiil sayisi
@ Goruntu kantikikasyonu
@ (varsa) AC Sant




Kantitatif Goruntuleme

KC icinde multimetastaz
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MAA non-uniformite
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MAA non-uniformity




Tumor-to-liver flow/perfusion ratio




Tumor-to-liver flow/perfusion ratio

Angiographic
Stasis




Yeni Microspheres

Chito-spheres

Amor-Coarasa A, McGoron A, Gulec S. J Nucl Med. 2012: 53: 1707



Novel Microspheres

Chito-spheres

7 days

Stability and biodegradation




DOZIMETRI

5 Dozimetri Modeli vardir

N N Y \J U/

@ 11. Body Surface Area Model

@ 1. Marinelli/MIRD Kompartman Model
@ V. Partition Model

V. MCNPX



DOZIMETRI
|. Empiric Model

Toplam Karaciger Hacmine Oranlanan | Tedavi icin Tavsiye Edilen Y-90 Aktivite
Tahmin Edilen Tumor Hacmi Miktari
>50% 3 GBq (81 mCi)
25-50% 2.5GBq (67.5mCi)
<25% 2GBg (54 mCi)

NOT: Akciger sant degerinin %10 dan biiyiik olmast durumunda
uygulanacak Y-90 aktivite miktari tabloda belirtilenden daha az olarak
verilebilmektedir.



DOZIMETRI
|1. Body Surface Area Model

yarayan bir modeldir.

@ Y-90 Aktivitesi(GBq)= (BSA-0.2)+( Tumor Hacmi/ Tumor Hacmi+Normal KC
Hacmi)

@ Hesaplama icin;

@ 1. Hastanin boy ve kilosuna bagl olarak hesaplanan Body Surface Area
degerti:

@& BSA(mM?) =0.20247 x boy(m)®72> x kilo(kg) 9-42°

@ 2. Hastanin CT goriintiisiinden hesaplanan KC hacmi, Sintigrafik
goruntilerden hesaplanan tiimor hacmi.



MIRD

Kompartman Yaklasimi

fractional _uptakey;,., =

Liver volume: CT

Tumor volume: CT

Functional tumor volume: FDG-PET/CT
Liver activity: MAA-SPECT
Tumor activity: MAA-SPECT
Liver dose: ...........

Tumor dose: .........

dosetive(rad) > my,. (g)

(1—-SF fj:{
[lﬂ[u mul

184,000 x fractional mpiakey,.

Mjver { g I'
g) X TLR]| + myjyer(g)




DOZIMETRI

[11. Marinelli/MIRD (Medical Internal Radiation Dose) Model

Dozg, (rad) x mgr (1)

Altrerte (mCi) =
134 000 x KC fraksiyonel uptake

ROl ke

ROItm

Doz KC : Tedavi dozu 30 Gy
mac (&) TKO: ROl /ROl

EC fraksivens] uptake = (1- 5F) [ 1 " o
o e1) % TRO + me (&) SF: Sant Fraksiyonu

myc : BT goranttlerinden
mry: MAA gorintilerinden, BT

AC savimlan

$F=
AC saymmlan + KC savimlan

REF: Seza A. Gulec, Geraldine Mesoloras and Michael Stabin, JNM, 2006.



http://jnm.snmjournals.org/search?author1=Seza+A.+Gulec&sortspec=date&submit=Submit
http://jnm.snmjournals.org/search?author1=Geraldine+Mesoloras&sortspec=date&submit=Submit
http://jnm.snmjournals.org/search?author1=Michael+Stabin&sortspec=date&submit=Submit

1. MIRD(Medical Internal Radiation Dose) Model

241

Ongdridlen bir karacifer aktivite miktan igin doz miktan ju formil ide
belirlensbilir.

Alktivite (mCi) x 184 000 x KC fraksivonsl uptzke Sant var

Doz, (rad) =

myc (2r)

Wertlen zktivite miktzrmm  timdrde  biriksn miktzemn  ifade eden
fraksivonsl timdr uptzke mi bulmak icin 3u formiil kallande.

TEQ x mr., (2r)
KC fraksivonel uptzke = (1- $F) [ 1
TED x mr., (gr) + mze (21)

Timdr dezumu ve zkcifer dezunu bulmak igm su fermiiller ullanil

Abktivite (mCi) = 184 000 5 Tm fraksivonsl uptaks
Dozp, (rad) =

., (gr)

Alktivite (mCi) x 184 000 = SF
Doz (rad) =

m,e (gr)

REF: Seza A. Gulec, Geraldine Mesoloras and Michael Stabin, INM, 2006.



http://jnm.snmjournals.org/search?author1=Seza+A.+Gulec&sortspec=date&submit=Submit
http://jnm.snmjournals.org/search?author1=Geraldine+Mesoloras&sortspec=date&submit=Submit
http://jnm.snmjournals.org/search?author1=Michael+Stabin&sortspec=date&submit=Submit

MIRD Formalism




“Challenged S”

Nekrotik alan~ AC Sant




DOZIMETRI ORNEKLERI

(CTF Deneyimlerimiz)

MIRD Modeli

Nihal Gezgin Omer Sahin
Max KC dozu(rad)= 3000 3000
M normal kelgr)= 707 1710
M timér(gr)= 215,27 247,2
Fractional Uptake kc= 0,30 0,48
Fractional Uptake tm= 0,65 0,36
Shunt= 0,05 0,16

Belirlenen aktiviteler uygulandiginda akciger ve timér

dozlan MIRD Modeline gbre séyle bulunur:

Akciger dozu(rad)= 371,70 1707,06
=3,71 Gy =17 Gy
Timér dozu(rad)= 21729,40 15422,12

=217,29 Gy =154,22 Gy

Dozg, (rad) x mze (1)

Aktivite (mCy) =

184 000 x KC frakstyonel uptake

241

Ongdriillen bir karacifer zktivite miktan icin doz miktzn su formill ils
belirlensbilir.

Altivite (mCi) x 184 000 x KC fraksivonel uptake

Dozg. (rad) =
mgc (21}

Verilen zktivite miktzrmm timdrde biriken miktarom ifade eden

fraksiyonel timdr uptske’ini bulmak igin gu formiil kullanidr.

TEO % mr., (gr)
KC fraksiyonel uptake = (1- $F) [ 1
TEO % mr., (gr) + mge (21

Timdr dozunu ve akciger dozunu bulmak icm su formiiller Eullanile.

Altivite (mCi) x 184 000 x Tm fraksiyonel uptake
Dozr., (rad) =

Mre, (21)

Alktreite (mCi) x 184 000 x 5F
Doz, (rad) =

m,c (gr)




DOZIMETRI
V. Partition Model

Ao(GBq)- Ty, /In2:10°dis/ GBq-sec-0.934MeV [dis- 1.6 x 107 2] /MeV

Dose(Gy) = Mke)

Doku Dozu (Gy) x M (gr)

@ Ay (GBq) =
49670

A, (GBQq) : Organ ya da dokudaki toplam Y-90 aktivitesi
M (gr) : Organ ya da dokunun kitlesi (gr)



V. Partition Model

CLINICAL INVESTIGATION

MODEL-BASED RADIATION DOSE CORRECTION FOR YTTRIUM-90 MICROSPHERE
TREATMENT OF LIVER TUMORS WITH CENTRAL NECROSIS

Wl s . . . e
Y dose correction with necrosis @ C.-S. L et af.

Int. J. Radiation Oncology Biol. Phys., Vol. -, No. -, pp. 1-9, 2010

A

MNormal Tissue

. Mecrosis

Fig. 1. {A) Schematic of the tumor necrosis model consists of two concentric spheres, representing tumor and necrosis,
with radii ry and ry, respectively. The method was applied to dose correction for *Y microsphere therapy. (B) Axial
18F-FDG-PET CT image before treatment shows a large liver metastasis with central necrosis at segment VIII in a 49-
vear-old man with ascending colon cancer.



MCNPX

“S’

IC

Patient-speci




MCNPX
Patient-specific “S”

Gulec S J Nucl Med. 2010 Feb;51(2):301-10



@ Portal trial injury den sakinmak i¢in doz
limitlerinin asilmamasi1 onemli

@ Pulmoner fibrosis ve diger AC
hastaliklarina neden olmamak i¢in SF ve
dozimetri onemli

@ Monte Carlo simulasyonu onemli
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