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PET teknolojisindeki radyoterapiyi de etkileyecek son gelismeler
PET/MR instrumentasyon

PET’in radyoterapide kullanimi

PET/MR: radyoterapi uygulama ornekleri

PET/MR Sim: Radyoterapi icin gerekli donanim

Sonug



PET teknolojisinde Radyoterapiyi de
etkileyecek en son gelismeler



Diagnosis Radiotherapy

Therapy Response Staging
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Radial resolution blurring
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GE Sharp IR

Resolution recovery reconstruction in PET
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4D Respiratory Gated PET/CT: Planning — Lung Tumor
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4D-PET/CT

" Based Planning
Volume (6.79 cc)

1 64%

Courtesy
HSR Milan, Italy
Turku PET Centre



PET/MR Instrumentasyon



PET ve MRI'In Entegrasyonu
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X-ray detector

Fahrig, R. et al, Proceedings of the IEEE , vol.96,
No.3, 2008

Conventional APD-based
PET detectors PET detectors

Semin Nucl Med. 2008 May; 38(3): 199-208



MR Uyumlu Fotodetektorler: APDs ve G-APDs

Impact lonization

APD ve Geiger Mode (SiPM)

Reverse bias

Breakdown voltage
VB

Forward bias
(yonlendirme)




G-APD 6.5 x 7 mm? 3 x 3 mm?, 60x60 cells Each cell 50 x 50 um?

Individual
ph-e pulses

APDs in

paralel
SiPM pulses




PET/MR’da Kullanilan Fotodetektorler

Protodetecor T a sem
:
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side-by-side

Use current PMT
technology

Move PET readout
away from MR field

PET-insert

Requires use of MR
compatible light

detector
Only modify PET to be
transparent to MRI

Integrated PET/MRI

Merge PET and MRI
technology

Fully integrate PET into
the MRI hardware




Kilinik PET/MR Sistemler

Goruntiuleme metodu

Ardisik

Ayni anda

Ayni anda

Kristal

LSO

LYSO

LYSO

FDA Onayi

2011

2011

2014

Fotodetektor

PMT

APD

SiPM

Satilan (siparis) (Mayis ‘15)
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Philips Ingenuity TF & Achieva 3T

System Description 3T
(30,000 G)

Magnetic Field
10G

(1.5G inside)

New Pt. Table and

' Turn Table
|

— oo

Gemini TF PET

Achieva 3T MR
(K052640) | | (K063550)

~3m

Division, Content owner, Date(in numbers), ISO No




A

Magnat shealding codl B MR
| PET

Primary magnaet codl
1 AlrfVatuum

Gradient il

Magnet cryoitat

Siemens Broshure (website)

Crystals

3x3 APD array

9-Channel preamplifier
ASIC board

9-Channel driver board
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MR RF Shield with dip
PET Detector in the center

Modules e /

Support Ribs

MR RF Body Coil

PET detector ring mounted between the RF
shield and the gradient coil.

Silicon PhotoMultipliers (SiPMs) for size and
magnetic compatibility

Detectors in ring on outer surface of novel RF
body coil — 60 cm bore diameter

Gradient coils

Body coil former
| N

electronics

scintillator

/



GE
SIGNA [1]

Siemens
Biograph mMR

Philips
Ingenuity TF

Trans. FOV

60

59.4

70.7

Sensitivity (kcps/MBQq)

21

15

7

Peak NECR (kcps)

183.5

90

Energy resolution (%)

14.5

12

Timing resolution (ps)

2930

Axial FOV (cm)

25.8

Spatial resolution

Transaxial (@1 cm,
10 cm)

3.7, 4.5
(Iterative)

4.3

Axial (@ 1 cm, 10 cm)

4.8, 4.7

4.3

Reconstruction

TOF and PSF

NO TOF and PSF

TOF and PSF
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Navigation 4™ Tubingen PET/MR Workshop:
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Combined PET/MR: Where Are We Now?
Summary Report of the Second International
Workshop on PET/MR Imaging April 8-12, 2013,
Tubingen, Germany
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Combined PET/MRI: Whole-body Multi-Parametric
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International Workshop on PET/MRI Imaging; February
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PET'in Radyoterapiye Kullanimi



PET’in Radyoterapi Kullanimi

Gross tumor volume (GTV)

Clinical tumor volume (CTV)

Planning tumor volume (PTV)

e Biolojik tumor hacminin nin belirlenmesinde
e Tumor heterogeneity ve doz boyama



Tumor Segmentation in PET

Isocontour SUVmax*(0.36-0.44) Erdi Y, Mawlawi O, Larson S,

4 mL> timorler icin et al., 1997;80:2505-25009.
T/B oranina bagl

Manuel Cok yaygin olarak
kullaniimakta
Sabit esik (threshold) 2.5 veya farkh Cok yaygin olarak
kullanilmakta




Tumor Segmentation in PET

Background (zemin) tabanli | Zemin Ortalama + Percist: 1.5*Liver mean +
Sabit*Standard Sapma 2*liver STD
2*Blood Pool in the
mediastinum + 2*STD

Fuzzy segmentasyon Pixellerin parlaklik Hatt M, et al. IEEE TMI.

tabanli (FLAB ve digerleri) | degerine gore yapilir 2009;28(6):881-893

Gradyan tabanli PET Edge MimVista Software

Seeded Region Growing Genelde bir tohum pixeli | Day E, et al. Med Phys.
(Bolge blylitme) secilir. Ornegin, SUVmax | 2009;36(10):4349-4358.




Arastirmacilar fuzzy c-means
algoritmasini anisotropic
diffusion ve wavelet
transformasyonla beraber
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FCM-SW Histology

FCM: Fuzzy C-means
FCM-S: FCM + Anisotropic diffusion
FCM-SW: FCM+ FCM-S + Wavelet



25 patients with histologically proven primary NSCLC (Non-Small Cell Lung
Cancer

4 methods for GTV
e GTV,,: Visually
o GTV,,: 40% of SUV__
e GTV,.:isocontour of SUV =2.5
©  GTV,,;: 1.5%|
¢ GTVq

\VIETy! + Ibackground
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Results and Conclusion
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Examples from the Study

i

Planning CT scan (A) and corresponding fusion image (B) of patient 8 show
inadequacy of GTV40: green GTVbg , yellow GTV,,.
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PET/CT Radyoterapi

Table 1. Demographic and Clinical Characteristics of
67 Patients.

Patient characteristics Group A Group B Group C

number 24 22 21

A: Conventional Chemoradiotherapy group

B: CT-guided dose escalation
Chemoradiotherapy

C: PET/CT guided dose escelation
chemoradiotherapy
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Table 2. The change in GTV volume in Group C patients based on PET/CT.
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PET multitracer gortuntuleme teknigi

Tumor sinirlarinin belirlenmesinde

PET deki tumor heterojenliginin tumorleri daha etkili bir sekilde tedavi
etmek icin kullanilmasi (6rnegin, doz boyama (dose painting))

MR cok parametreli veya cok kontrastl goriintileme teknigi
e Difuzyon, perfizyon, T1, T2, CW, MR Spectral gorintdu.....

PET + MR beraber timorlerin sinirlarinin belirlenmesinde PET/CT den
daha etkili olabilir mi? (1 + 1 =3)

Hasta hareketinin belirlenmesinde MR kullanilabilir mi?



PET/MR’I Radyoterapiye Kullanimi



PET/MR’in Radyoterapi Kullanimi

e Hypoxic tumorlerin belirlenmesi veya tumor icinde local hypoxia'nin
belirlenmesi

'_
|:|:

Gu S et al. Math.
Med. Biol. 2011




Cok Parametreli Gortunteleme ve Doz Boyama

.| Multi-parametric PET/MRI of a
- patient with prostate cancer:

" (a) Combined [11C]-choline (CHO)
~ PET/MRI
(b) T2-weighted TSE MRI
~ (c) ADC map derived from DW MRI
- (d) Kepmap as a result of DCE-MRI

T
INYPERIGN

(e) Dose painting IMRT plan, where a sub-region, on CHO PET, DW- and DCE-MRI,
suggesting the presence of the main tumor focus (arrow) was prescribed an

, Which was prescribed to the whole PTV.
Regions of interest: PTV (orange), rectum (purple).



Ornek: Sinus Kanseri

Doz escalation yapilabilirmi

C) (b)

Fig. 2 Simultaneous [18F]-FDG PET/MRI of a 41-year-old patient with sinus cancer (a)
and corresponding PET/CT (b). GTV was contoured on both T2-STIR MRI and FDG PET
data. IMRT plan with a total dose of 60 Gy to the PTV is shown in (c). Regions of
interest: PTV (red), brain stem (dark green), brain (light blue).



Ornek: Meningioma

@ (b)~__ i

Fig. 1 Combined [68Ga]-DOTATOC PET/MRI (a) and corresponding PET/CT (b) of a 67-
year-old meningioma patient. c IMRT treatment plan, where T2-MRI information as well
as DOTATOC uptake were used to create the gross target volume (GTV). PET/MRI,
PET/CT and planning CT were registered using a rigid image fusion algorithm which is
based on mutual information. Planning target volume (PTV, red contour) was prescribed

60 Gy.




Tumor Heterogeneity

e Yumusak doku kontrastindan dolayi her iki modalite de otomatik
veya yari otomatik segmentasyonda kullanilabilir.

e Tumor heterogeneity etkili tedavi icin cok onemli. Bu konu, uzerinde
yeterince calisilmis bir konu degil.

CHOLINE PET/MRI 15yr old pineal tumour, Slide courtesy of Dr. Ridwan Syed



PET/MR Sim veya MR Sim ve Donanim



PET/MRI ve MRI Sim Problemleri Ortak

Ikisinin ortak amaci CT olmadan terapi plani yapabilmek

5/18/15 41



MR in terapide kullanimi cok daha yeni

PET/MR in dizayninda karsilasilan giicliikler tamamiyla ¢oziilmis degildir.

Bu gliclikler PET/MR Sim’i de etkileyecektir. Bu glicliklere ek olarak
donanim problemleri de vardir.



e Duz masaustu (flat tabletop)

e Flat tabletopin cok fazla foton azalmasina sebeb olmasi icin yeniden
dizayn edilmesi gerekir.

e Carbon fiber dan yapilmis mevcut tabletoplar fazla foton azalimina
sebeb olmamaktadir fakat iletkenlik 6zelliginden dolayi mevcut
magnetik alan, tabletop uzerinde indiiksiyon akimlari olusturacaktir.

e Tabletop larin foton azaltma haritalari cikarilmali ve normal hasta
gorlntulerinin Gzerine yapistirilmali.

e PET/MR sistemlerde bore size yeterince biyuk degildir.

e Kullanilan rigid RF coil’lerin de attenuation mapleri ¢cikarilmali ve gorinti
Uzerine yapistiriimahdir.

s Hybrid sistemlerde iki gantry uc boyutlu uzayda cakistirilir. Genelde bu
cakictirmanin dasriiliik toleranct diacnoc<tic cictemler icin 5§ mm



Hybrid sistemlerde yatak uzun oldugu icin yik altinda yatak seviyesinde
disme olacaktir. Yine terapi icin kullanilacak sistemlerde bu cokmeden
dolayi olusacak registration hatalari dikkate alinmalidir..

Idealde, terapi goruntulerinde voxel boyutlarinin izotropik olmasi arzu
edilir. Bazi klinik PET/MR sistemlerinde voxel boyutlari isotropic degildir;
goruntu kesit kalinligi farkli ve sabit olabilir.

MR hasta hareketlerini belirlemek icin etkili bir sistem. Eger dokularin
haraketlerini karakterize edebilirsek bu bilgi PET reconstruction da
kullanilabilir.

Ayrica PET/MR Sim’de de daha etkili bir terapi icin kullanilabilir.



(a) RT table ‘( Ff (b) RF coil holder

overlay placed < y that is designed
ontopofthe [ ' | to fix the flexible

spine array RF 6-channel body

coil on the matrix RF coil for
PET/MR hybrid "= RT head/neck
system. T imaging.

(c) Mounted

RT head/neck

imaging setup (d) Setup used
including the for the PET
RT table evaluation of
overlay, the RT \“ the RT table
coil holders, overlay.

and the body
matrix RF coils.



PET/MRI'In radyoterapi de uygulanmasi cok yeni

Once her sistemde donanim problemleri ¢céziilmeli

PET ve MR bilgilerini kullanacak yeni segmentasyon algoritmalarina gerek
var.

e Mevcut PET bilgisi kullanan algoritmalar MR bilgisini de kullanarak
daha etkili hale getirilebilir.

PET/MR In terapide daha etkili olabilecegini gostermek icin klinik cok
saylda calismalara ihtiyac var.

Bunun icin de medikal fizikciler, onkolojistler ve nukleer tip doktorlari
beraber calismali.






