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Giris

© Y- [DOTA, Tyr’]-octreotide (DOTATOC)ve
177Lu-[DOTAL, Tyrd]-octreotate (DOTATATE)
gibi beta yayici radyoizotoplarla isaretli
somatostatin anologlari ile gerceklestirilen
Peptid Reseptor Radyonuklid Tedavisi
(PRRT), noroendokrin tumorlerin tedavisinde
basarili bir sekilde uygulanmaktadir.




Giris

« Radyoterapi uygulamalarinda da oldugu gibi
bu tedavide de temel amacg, saglikli doku en
az radyasyon hasarina ugrarken tumore en
yuksek hasarin verilmesini saglamaktir.

 PRRT'de hastalara verilebilecek en yuksek
aktivite degerini sinirlayan iki organ
bobrekler ve kemik iligidir.




Giris

« National Council on Radiation Protection and
Measurements (NCRPM)’e gore bobreklerin
23 Gy'lik (sogurulmus) doza maruz kalmasi
hastalarin % 5’inde 5 yil icerisinde
deterministik etkilerin ortaya ¢cikmasina
neden olmaktadir®.

« Kemik iligi hipoplazisinin engellenmesi i¢in
Ise kemik iliginin 2 Gy’'den yuksek dozlara
maruz kalmamasi gerektigi bilgisi kabul
gormektedir**.

National Council on Radiation Protection and Measurements. Misadministration of radioactive material in medicine: ‘
scientific background. Bethesda, MD: NCRP, 1991;27.

ICRP. Publication 41: nonstochastic effects of ionizing radiation. Pergamon Press, Oxford, 1984.




Tedavi

« Hastalara 99°Y-DOTATOCveya ""7Lu-
DOTATATEortalama 30’ar dakikalik
infuzyonlar seklinde verilir.

» Tedavilerde bobreklerin korunmasi icin,
radyofarmasotik enjeksiyonundan yarim saat
oncesinde baslanan 4 saatlik aminoasit
solusyonu infuzyonu yapllir.




Dozimetri

* 17Lu izotopunun gama isinlarinin da olmasi,

tedavi sirasinda dozimetri yapilmasina imkan
tanimaktadir.

* Bu uygulama:

« Dozimetri icin farkl izotop kullanimindaki hatalari
engeller
* OY-DOTATOC igin "In-DOTATOC kullaniminda oldugu gibi

» Hastanin fazladan radyasyona maruziyetini engeller

* Ik tedavi aktivitesi genelde hastanin tibbi
durumu ve literatur verileri goz onunde
bulundurularak belirlenir. ‘




Dozimetri

* Doz hesaplamasinda MIRD yontemi* yaygin
olarak kullantlir:

« Kaynak ve hedef organlar olarak bobrekler,
karaciger, dalak, kemik iligi ve vucudun
geri kalani secilir.

* Loevinger R, Berman M. A revised schema for calculating the absorbed dose from biologically distributed radionuclides, ‘
MIRD Pamphlet No. 1 Revised. New York: The Society of Nuclear Medicine; 1976.




Dozimetri

* Erkek, Kadin ve 15 yasinda ¢ocuk fantomlari
icin S faktorleri kullanilir.

Phantom: Adult Male, Nuclide: Lu-177, Values are mGy/MBq-s
Lu-177 , 6.73 D

Adrenals Brain Breasts GB Cont LLI sml Int Stomach ULI Heart Cont Heart Wall Kidneys Liver
Adrenals 1.45E-83 1.39E-1@ 1.35E-88 8.58E-88 6.6BE-89 1.97E-88 7.58E-88 2.42E-88 6.88E-988 7.66E-83 2.81E-87 1.22E-87
Brain 1.39E-18 1.73E-85 9.72E-10 5.81E-11 6.78E-12 1.68E-11 1.78E-18 1.89E-11 1.81E-89 8.55E-18 5.71E-11 2.65E-10
Breasts 1.35E-88 9.72E-18 6.83E-85 &8.69E-89 7.68E-18 2.24E-89 1.55E-88 2.58E-89 6.83E-88 7.44E-88 5.78E-89 1.91E-88
GB Wall 9.31E-9838 5.68E-11 9.19E-89 2.15E-84 1.67E-88 1.19E-@87 5.28E-88 2.B8E-87 2.71E-88 3.17E-9838 1.88E-87 2.41E-87
LLI Wall 5.95E-89 5.71E-12 8.@8E-1@ 1.49E-88 8.35E-85 1.63E-@7 2.48E-28 5.93E-@88 1.26E-89 1.54E-89 1.58E-88 4,86E-89
sml Int 1.97E-88 1.68E-11 2.24E-89 1.25E-87 2.8BeE-87 2.83E-85 5.48E-88 3.49E-@7 4.31E-89 5.69E-89 5.77E-88 3.14E-88
Stomach Wall 7.5B8E-83 9.23E-11 1.62E-88 8.83E-88 3.47E-88 5.82E-@8 4.64E-85 7.79E-@8 4.54E-83 7.13E-88 6.93E-88 3.98E-88
ULI Wall 2.35E-88 1.93E-11 2.27E-89 2.13E-87 8.38E-88 3.81E-@7 7.17E-@88 5.17E-85 6.18E-89 7.71E-89 5.77E-88 5.@5E-88
Heart Wall 7.66E-88 8.55E-18 7.44E-88 2.75E-88 1.67E-89 5.69E-89 6.43E-88 8.21E-89 2.68E-85 7.56E-85 2.12E-88 6.41E-88
Kidneys 2.81E-87 5.71E-11 5.78E-89 1.83E-87 1.93E-88 5.77E-88 7.42E-88 5.72E-@88 1.71E-88 2.12E-88 8.82E-85 8.13E-88
Liver 1.22E-87 2.65E-1@ 1.91E-88 2.25E-87 4,94E-89 3.14E-@88 3.97E-@88 5.87E-@28 5.81E-@8 6.41E-088 8.13E-88 1.29E-85
Lungs 6.43E-88 2.25E-89 6.52E-88 1.86E-88 1.42E-89 3.77E-89 2.97E-88 4.78aE-@9 1.28E-87 1.22E-87 1.81E-88 5.63E-88
Muscle 3.12E-88 6.15E-89 1.28E-88 3.17E-88 3.38E-88 3.83E-88 2.77E-88 2.93E-88 2.45E-88 2.54E-838 2.73E-88 2.89E-88
Ovaries 9.92E-89 6.67E-12 7.94E-1@ 2.84E-88 3.51E-87 2.54E-@7 1.54E-@28 2.11E-@7 1.49E-29 2.B1E-289 1.89E-88 1.83E-88
Pancreas 3.e8E-a7 1.62E-18 1.69E-88 1.83E-87 1.32E-88 3.77E-88 3.44E-87 4.37E-88 7.84E-88 9.56E-88 1.37E-87 1.86E-87
Red Marrow 6.85E-838 2.75E-88 1.57E-88 2.79E-88 5.67E-88 4.36E-83 2.83E-88 3.91E-88 3.83E-838 3.83E-83 4.74E-88 2.31E-88
Bone Surf 6.8B8E-08 7.87E-08 2.BBE-88 2.71E-88 4,59E-88 3.61E-@8 2.58E-88 3.18E-88 3.98E-08 3.98E-08 4.,87E-08 3.87E-88
skin 9.53E-89 1.16E-88 2.19E-88 8.79E-89 1.@eE-88 8.36E-89 9.58E-@89 8.79E-@89 9.58E-89 1.85E-88 1.11E-88 1.82E-88
Spleen 1.26E-87 2.24E-18 1.25E-88 3.41E-88 1.66E-88 2.78E-88 2.15E-87 2.74E-88 3.24E-88 4.39E-88 1.85E-87 1.97E-88
Testes 5.28E-1@ 7.62E-13 B.eaE+ee 2.14E-89 3.95E-88 7.0BE-89 9.96E-18@ 5.78E-@89 1.87E-1@ 2.23E-1@ 1.@5E-89 5.38E-1@
Thymus 1.61E-88 2.19E-89 6.75E-88 4.28E-89 6.68E-18 1.48E-@9 1.84E-88 1.74E-@9 2.47E-87 2.84E-87 5.@8E-89 1.61E-88
Thyroid 2.24E-89 3.69E-88 8.81E-89 8.18E-18 9.34E-11 1.55E-18 8.68E-18 2.72E-18 1.33E-88 1.14E-88 1.86E-89 2.6BE-89
UB Wall 2.28E-89 2.82E-12 4,53E-1@ 1.24E-88 1.37E-87 5.77E-@88 5.17E-@9 4,31E-88 7.19E-1@ 6.18E-1@ 5.61E-89 3.51E-89
Uterus 5.88E-89 5.77E-12 8.95E-18 3.85E-88 1.42E-87 2.38E-87 1.32E-88 1.87E-87 1.55E-89 1.81E-89 1.72E-88 8.99E-89
Fetus @.eBE+BE @.eBE+BE B.8eE+aa B.8BeE+ae @.8eE+a8 @.eacE+ae @.eaE+ae @.eaE+ae @.eBE+BE @.eBE+BE B.8eE+ae B.8eE+a8
Placenta @.paE+oe @.paE+oe B.BaE+BE B.BaE+Ee @.BaE+ee @.pac+ae @.pac+ae @.paE+ae @.PaE+oe @.paE+oe B.BeE+Ee B.BaE+Ee
Total Body 3.59E-87 3.46E-87 3.48E-87 6.65E-88 2.23E-87 2.92E-87 1.27E-87 1.86E-87 1.48E-87 3.57E-87 3.55E-87 3.55E-87

http://www.doseinfo-radar.com



Kumulatif Aktivitenin Belirlenmesi

« Kemik iligi hari¢ her organ icin kumulatif
aktivitelerinin hesaplanmasinda, enjeksiyon
sonrasi 4, 24, 48 ve 72nci saatlerde alinan
anterior ve posterior tum vucut goruntuleri
kullanilir.

« TUm vicut gorintilemede '"7Lu izotopunun
%6 abandans faktorune sahip 113 keV
enerjili ve %11 abandans faktorune sahip 208
keV enerjili iki gama 1sini kullantlir.

* Enerji penceresi genisligi %15 olarak secilir.

e MEGP kolimator kullanilir.




Kumulatif Aktivitenin Belirlenmesi
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Kumulatif Aktivitenin Belirlenmesi

« Sayim sistemleri (Uptake, GM sayaci vs.) ile
olgum

* Planar ve/veya tum vicut gorunttileme

« SPECT (/CT) gorunttleme

« PET (/CT) goruntuleme




Kumulatif Aktivitenin Belirlenmesi
Tum Vucut Goruntuleme

* Her organ ve tum vucut
icin 24uncu saatte alinan
goruntuler uzerinde ilgi
alanlari cizilir.

* Bu ilgi alanlari ayni
hastanin tedavi sonrasi
alinan diger
goruntulerinde de
kullanilir.




Kumulatif Aktivitenin Belirlenmesi
Tum Viicqt Goruntuleme
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Kumulatif Aktivitenin Belirlenmesi
Tum Vucut Goruntuleme




Kumulatif Aktivitenin Belirlenmesi
Tum Vucut Goruntuleme

Kaynagin kendi atenGasyonunu

Anterior ve posteri
'of Ve posterior duzeltme faktoru
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Foton atentasyonu Gama Kamera
duzeltmesi kalibrasyon faktorii

Geometrik zemin-aktivitesi
(background) ¢ikarimi




Kumulatif Aktivitenin Belirlenmesi
Tum Vucut Goruntuleme




Organ ve Hasta Kalinlklari




Lineer Azalim Katsayilarinin Belirlenmesi




Lineer Azalim Katsayilarinin Belirlenmesi
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Lineer Azalim Katsayilarinin Belirlenmesi

Table 6

Calculated bilinear relationships between the narrow-beam linear attenua-
tion coefficients (¢) and Hounsfield unit values (/) at each radionuchde
emission energy

Energy
(keV)

Bilinear relationship for H<0

Bilinear relationship for H=0

75-80
140
159
167
171
245
364
511

u=0.16+(1.66+0.03)x 10~*.
u=0.15+(1.52+0.03) x 10~*-
u=0.14+(1.384+0.02) x 10~4.
u=0.13+(1.36+0.02) x 107*.
w=0.14+(1.39+0.02) x 10~*-
w=0.12+(1.25+0.02)x 10~*.
w=0.09+(9.41+0.10) x 10~

u=0.09+9.60x 10°-H

o R < L [REEES

u=0.16+(148+0.14) x 107*.
w=0.15+(1.144+0.11) x 107*-
u=0.14+(126+0.11) x 10~*-
w=0.13+(1.254+0.12) x 107*.
w=0.14+(1.05+0.10) x 10~4.
u=0.12+(8.61+0.18) x 10~
=009+ (5594+0.58) x 10~

u=009+573x10">-H

3 R T L [REEEE

“PET/CT data from Burger et al. (2002).




BT# — Lineer Azalim Katsayisi
Donusumu
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* Brown S, Bailey DL, Willowson K, Baldock C. Investigation of the relationship between linear attenuation coefficients
and CT Hounsfield units using radionuclides for SPECT. Appl Radiat Isot. 2008;66:1206—1212.




Gama Kamera Kalibrasyon Faktoru
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Kumulatif Aktivitenin Belirlenmesi
Tum Vucut Goruntuleme

Kaynagin kendi atenGasyonunu

Anterior ve posteri
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Foton atentasyonu Gama Kamera
duzeltmesi kalibrasyon faktorii

Geometrik zemin-aktivitesi
(background) ¢ikarimi




Kumulatif Aktivitenin Belirlenmesi

Organ Aktivitesi (mCi)
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Eksponansiyel Azalim




Egri Fit Yontemi
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Egri Fit Yontemi
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Kantitatif SPECT/CT
O Goruntuleme




Goruntu Kalitesini Bozan Faktorler

. |statistiksel Gurlti
* Projeksiyon verisi ve kesit goruntusunde gurultu

Kolimator-Dedektor Cevabi

« Bulaniklik, homojen olmayan uzaysal rezolusyon,
Kismi hacim etkisi

Foton Azalimi
* Dusuk sayim, homojen olmayan aktivite dagilimi

Foton Sacilimi

* Dusuk goruntu kontrasti, homojen olmayan
aktivite dagilimi

Hasta Hareketi ‘

« Bulaniklik, homojen olmayan aktivite dagilimi




Bozucu Faktorlerin Etkisi

Aktivite Dagilimi . .

FiltreleadProljmkisliyon

Azalim Haritasi

ideal veri At enl[Jas yhlotne n [Ja s ylotne n [Ja s yAotne n [Ja sy ®Rre k o n

KoDef€ev KoDefd ev KoDed e.v Sonr
Salll]l ma SaDDlmaFlltr
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Istatistiksel Giiriiltii

» |teratif rekonstriiksiyon algoritmalari kullanimi

« Goruntudeki gurultu ozelliklerini filtrelendirilmis
geriye projeksiyon algoritmasina gore ozellikle
dusuk sayim bolgelerinde iyilestirir.

* Projeksiyon sayisinin arttiriimasi
« Sayim miktarinin arttirilmasi




iteratif Rekonstriiksiyon Yontemleri
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Kolimator-Dedektor Cevabi

Intrinsic Cevap Septal Saciima
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Kolimator-Dedektor Cevabi

Dedektore 10 cm mesafede 1-131 kaynagi

Septal Septal
Toplam Geometrik Penetrasyon Saciima
Cevap Fonk. Cevap Fonk. Cevap Fonk. Cevap Fonk.

MEGP

Logaritmik renk skalasi |




Pixel value

Foton Azalimi
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Azalim Diizels :
SPECT/CT

w/p [glem ]

Kutle Azalim Katsayilari
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Azalim Diizelf :
SPECT/CT
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Azalim Duzeltmesi
SPECTI/CT

« Azalim katsayisi haritasinin elde edilmesinin
ardindan iteratif rekonstruksiyon sirasinda
azalim duzeltmesi uygulanir.

eskl

ijem_zabeZalkkeski (ML—&MgoritmaSD)

l

. HomOJen olmayan azalimin FBP ile
duzeltilmesi yaygin deqildir.




Foton Sacilimi
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Foton Sacilimi

-15 -10 -5 0 5 10

distance (cm)

15

104

10°

10°

10’

-15 -10 -5 0 5 10

distance (cm)
v

15



Uclii Enerji Penceresi
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Sacilma Duzeltmesi

Uclii Enerji Penceresi
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Hasta Hareketi
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Kismi Hacim Etkisi

Phantom Reconstruction
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Sayim Kalibrasyonu
.\

NEMA Standards Publication

NEMA NU 1-2012

Performance
Measurements of
Gamma Cameras
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Figure 4-4
Volume sensitivity cylindrical phantom
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Tumor Dozimetrisi

 MIRD fantomlarinda tumor yapilari
bulunmamasi nedeniyle tumor dozimetrisi igin
Birim Yogunluklu Kure Modeli kullanilir®.

« Bu modelde tiimorler, 1 g/lem?3 yogunluga
sahip kure seklinde modellenmektedir.

« Tumor yapilarinda tutulan aktiviteden dolayi
tumorun aldigi doz hesaplanabilirken,
« tumorun diger organlara olan katkilari
« diger organlarin tumore olan katkilari

hesaplanamamaktadir.

* Stabin MG, Konijnenberg MW. Re-Evaluation of Absorbed Fractions for Photons and Electrons in Spheres of Various
Sizes. J Nucl Med. 2000;41:149-160.




Tumor Dozimetrisi

1000000

100000

10000

o
.
o

1000
£
Q
g 100
p—
B
- 10
2
F Fit Egrisi : y = a*x*b
S 1 R-Kare: 1,00
A Deger Standart Hata

0.1 a 314047 396513
b -0,9829  2,75356E-4
0301 llllll L) L} lllllll L} L} lllllll L) L} llllll' L} L) llllll' L} L) lllllll L} L) lllllll
0,01 0,1 1 10 100 1000 10000

Tiimo6r Hacmi (cms)



Kemik "1l liDozimetrisi

Eur J Nuecl Med Mol Imaging
DOI 10.1007/300259-010-1422-4

GUIDELINES

EANM Dosimetry Committee guidelines for bone marrow
and whole-body dosimetry

Cecilia Hindort - Gerhard Glatting - Carlo Chiesa -
Ola Lindén - Glenn Flux

Published online: 22 April 2010




. 1N

EANM Dosimetry Committee guidelines for bone marrow
and whole-body dosimetry

Table 2 Contnbutors to the total absorbed dose to bone marrow, present in the bone mamrow, that is, the sum of the activity in the bone
Dy, for some radiopharmaceuticals used in madionuclide therapy. marrow cells, the activity in the blood cells present in the bone
Note that quantitive imaging automatically gives the total activity marrow and the activity freely circulating in the bone marrow
Group Radiopharmaceutical Dy
Dgne oy Digasepone Dgrpos
Digps—prscetis Dy pcr D gp—prceits
- - - 1’:'Uv','l.ll. =l =1 [ b
Monoclonal antibodies " In-Zevalin X X X X X
131 -
[-Bexxar X* X* X X
Pepiides “"YV_DOTATOC X" X X" X
-mIBG o g X
Bone "98r-Cl X X X
'*“*Sm-EDTMP X x* X
'¥Re-HEDP X x* X
Thyroid ' Nal X X

* Contribution of Dgys. gageairs should be included if the patient has metastatic spread to the bone marrow.

I s .

" Free " Y is taken up in bone.

“ Contnbution of Dgpys—prr should be mncluded if the patient does not have metastabe spread to the bone marmow.

4 The standard method results in large inaccuracies if the patient has considerable metastatic spread to the bone and has osteoporotic regons.



Kemik iligi Dozimetrisi

« Kandaki aktivite, ""Lu-DOTATATEinflzyonu
sonrasi 3, 10, 20, 40, 60, 90inci dakikalar ve
2, 3, 20, 22, 25, 44, 50 ve 68inci saatlerde
alinan kan orneklerinden elde edilir.

25 -

« Kan orneklert,
177Lu izotopu
icin sayim-aktivite
kalibrasyonu
yapilan gama
sayicida olgulur.

D
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Toplam Kan Aktivitesi (mCi)
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<
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Vucudun Geri Kalaninin
Kaynak Olarak Kullaniimasi

* Secilen kaynak organlarin disinda vucudun
geri kalaninda bulunan aktivitenin diger
organlarda sogurulan doza olan katkisi
dikkate alinir.

« Tumor yapilarinda tutulan aktivitenin, hedef
organlara katkisinin dikkate alinabilmesi icin
tumor aktiviteleri tum vucudun kalanina
eklenir.




. 1H

EANM Dosimetry Committee guidelines for bone marrow
and whole-body dosimetry

Vucudun kalaninin kemik iligi dozuna katkisi

Dem- rob =§A\NB- Asu - a 'OA‘hg)SBM- RoB
h

S _ S mWB, phantom m BM , phantom S m BM , phantom mBM , phantom
BM<«RoB = ~ BM<«WB BM < BM
m WB, patient mBM , patient mRoB , patient m BM , patient
mBM , phantom

. S mh, phantom
BM <h
h

mRoB , patient mBM , patient

N ®

S faktorlerinin hasta kilosu
kullanilarak skalalandirilmasi
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Uygulama

» |stanbul Universitesi Cerrahpasa Tip
Fakultesi Nukleer Tip AD.'nda
177Lu-DOTATATEKkullanilarak gerceklestirilen
PRRT uygulamalarinda hastalarin organ
dozlari tespit edildi.

 Bir hastaya en cok 3 fraksiyonda 590 mCi
aktivite verildi.

» Hicbir hastada toksik bobrek ve kemik iligi
dozuna ulasiimadi.




100 mCi "7"Lu-DOTATATEBasina
Bobrek Dozlari

N=59




100 mCi "7"Lu-DOTATATEBasina
Bobrek Dozlari O

~300 mC
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100 mCi '""Lu-DOTATATEBasIna
Kemik Iligi Dozlari
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100 mCi '""Lu-DOTATATEBasIna
Kemik lligi Dozlar @
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100 mCi "7"Lu-DOTATATEBasina

Kemik iligi Dozlar

Ortalama
+ SD
Kandaki Aktiviteden
Kaynaklanan Doz
(mGy/100mCi)

Diger Kaynak Organlardan
Kaynaklanan Doz
(mGy/100mCi)

Vicudun Ger: Kalanindan
Kaynaklanan Doz

(mGy/100mCi)

Toplam Kemik Iligi Dozu 125 + 33
(mGy/100mCi)

Yiuzde Oranm

% 100,0




100 mCi "7"Lu-DOTATATEBasina
Diger Organ Dozlari

Organ Ortalama En Dusik
+ SD

Karaciger
Dalak

Tum Vicut

En Yuksek




Timor Dozu (Gy/100mC))

Tumor Dozlari

1000

100

0,1

<

- <> O
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= Denklem y = a*x"b <o ©
: R-Kare 0,078
N Deder Standart Hata
i a 41,58117 4,86356

b -0,22008 0,06292
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