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KONGREYE DAVET

Degerli Meslektaslarimiz,

Medikal Fizik Dernegi, kurulusundan bugline kadar alanda ¢alisan meslektaslarini, bilim insanlarini
ve sektor temsilcilerini bir araya getirerek Ozellikle gen¢ bilim insanlarinin kendilerini
gelistirebilecekleri, tim meslek mensuplarinin bilgilerini artiran, vizyonlarina katki saglayan ve
medikal fizik egitiminin dinamik bir tamamlayicisi olarak degerlendirdigimiz kongreler
dizenlemektedir.

20. Ulusal Medikal Fizik Kongresi ’nde alandaki gelismeleri paylasarak tlkemizin yetkinliklerini
degerlendirmek, kamuoyunu bilgilendirmek ve medikal fizigin sadece klinik uygulama yonuyle degil
sektore yon verebilecek yenilikler gelistirme olanaklarini degerlendirmek i¢in de bir araya gelmeyi
hedefliyoruz.

Pine Bay Holiday Resort Hotel, Kusadasi’'nda 6-9 Kasim 2025 tarihlerinde gerceklesecek
kongremize buyuk bir heyecan ile hazirlanmaktayiz. Dinya Medikal Fizik Gind ’nu de igine alacak
olan kongremize, sizlerin merak duygulariniz ile saglayacaginiz katkilar en o6nemli
motivasyonlarimizdan biri. Bu motivasyonu sizlere aktaracagimiz bir sure¢ planlamaktayiz. Bu
acidan hep birlikte yol alacagimiz hazirlik sureci sonunda Medikal Fizik Ailesi olarak basarili bir
kongreye daha imza atacagimiza inaniyoruz.

Siz degerli meslektaslarimizi, hentz 6grenci olan gelecegin medikal fizikgilerini, tlkemizin gelecegi
icin bilimin 1s181yla calisan, bu alanda uzman ve bilim insani yetistiren akademimizi ve bilime sahip
cikan tim sektor paydaslarimizi kongremizde agirlamaktan buyuk mutluluk ve onur duyacagiz.

Saygilarimizla,

Tulay MEYDANCI
Kongre Baskani
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Dog. Dr. Songul BARLAZ US
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Med. Fiz. Uzm. Abdullah YESIL
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KONGRE ANA KONULARI

Radyoterapi

* Dozimetri

e Kucuk Alan Dozimetrisi

* Tedavi Planlama

e Yapay Zeka

e Brakiterapi

¢ 3B Printer Uygulamalari

* Preklinik Calismalar

¢ Radyobiyoloji

e Solunum Takip Sistemleri
e Yluzey Takip Sistemleri

¢ Yeni Teknolojiler

* Adaptif Radyoterapi

* Monte Carlo Simulasyonu ve Uygulamalari
* Proton Terapi

Nikleer Tip

* Nukleer Tipta Radyasyondan Korunma
e Nukleer Tipta Enstrumantasyon

e Radyoniiklid Uretimi

e Radyonuklid Tedavi

Radyoloji

e Goruntu Kalitesi

e Radyolojide Hasta Dozlan

e Radyasyondan Korunma ve Guvenlik

* Yapay Zeka Uygulamalari

* Monte Carlo Simulasyonu ve Uygulamalari
e Girisimsel incelemelerde Personel Dozu
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° IKASIF 2025, PERSENEE DiSIPLIN/KONUSMACI

ACILIS TORENI
HOS GELDINIZ Konusmasi Tiilay Meydanci
Tirk Radyoloji Dernegi Deniz Akata
08:45-09:10 @ Tirkiye Nukleer Tip Dernegi Tung Ones
Tirk Radyasyon Onkolojisi Dernegi itknur Bilkay Gérken
Radyoterapi Teknikerleri Dernegi Abdlilkadir Arslan
Medikal Fizik Dernegi Ali Dogan
1. OTURUM Goriintiilemede Kalite Kontroliin Klinige Etkisi Ortak
Oturum Baskanlari: Songiil Karagam, Gokge Kaan Atag, Yasemin Parlak
Goériintiileme Kalite Kontroliiniin Radyoterapi Uzerindeki Etkisi Joe Weygand
09:10-10:20 | Nukleer Tip Cihazlarinda Kalite Kontroliin Tani ve Radyonuklit Tedavilere Etkisi Bilal Kovan
Radyolojide Kalite Kontroliin Taniya Etkisi Tlrkay Toklu
SB001 Farkli Tomografi Cihazlarinda ve Tarama Protokollerinde Elde Edilen Emre Ta
HU/ED Egrilerinin Bas Boyun Hastalarinda Doz Dagiimina Etkisi $
10:20-10:40 Kahvelerinizle Stantlara Bekliyoruz \_
SOzLU BILDIRILER OTURUMU 1 R
10:40-11:25 Oturum Baskanlar:: Bilal Kovan, Turan Olgar Radyoloji ve Nukleer Tip
SB002 U¢ Boyutlu Baski .Yont(?mu./le L.Jre'.ulen B|.lg.|sayarl| Tomografi Kalibrasyon ismail Ozsoykal
Fantomunun Yeniden Uretilebilirlik Analizi
SB003 Yeni Tip VBII’ Dozimetrenin Genis Doz Araliginda Beta Radyasyonuna Karsi Aleyna Karagoz
Duyarlliginin Arastirnlmasi
Dental Materyallerin Duyarlilik Artefaktlarinin Manyetik Rezonans .
SB004 Goruntulemede Farkli Sekanslarda Karsilastinlmasi Songill Barlaz Us
SB005 Th-161 Spect Gorlvmtulerl.nde Sggllma Diizeltme Yaklagimlarinin Melek Can Semiz
Kargilagtirmali Degerlendirmesi
SB006 Racviyasyor?dan Kprunmada Yeni Nesil Kompozitlerin Tanimlanmasi Ve Halil ibrahim Keskin
Degerlendirmesi
SB007 Gama Kamera Ve S.p(.ect Sistemlerinde Kalite Kontrol Protokollerinin Berat Mehdi Caferoglu
Karsilastirmali Analizi
SOZzLU BILDIRILER OTURUMU 2 .
11:25-12:30 Oturum Baskanlari: Aydin Cakir, Taylan Tugrul Radyoterapi
SB008 Larinks Kanserinde Adaptif Radyoterapi icin Yeniden Planlama Zamanlamasi Yildiray Ozgiiven
SB009 Tim Beyin Raf_jyoterap|3|ne Bagli Kognitif Disfonksiyonlarda Ginsengin Sevim Sahin
Koruyucu Rolu
SB010 Serv\/lks Tumorlerinin Radyoterapisinde Transit Dozimetre Ile Tedavi Dicle Adigiizel
Dogrulanmasinin Arastirilmasi
Bas-Boyun Radyoterapisinde Velocity™ ile Uretilen Sentetik Bt’lerin Adaptif . .
SBo11 Radyoterapide Kullaniminin Dozimetrik Degerlendirmesi Kerime Selin Ertas
SB012 PostQpergtlf Kaylte R_adyoteraplsmde Gammaknife Ve Linac Tabanl Yaren Ergin
Tekniklerin Dozimetrik Karsilagtirmasi
Derin Inspiryum Nefes Tutma Teknigi ile Tedavi Edilen Sol Meme Kanserli
SB013 Hastalarda Bilgi Tabanli Planlama Modelinin Klinik Kullaniminin Dozimetrik irem Aydin
Degerlendirilmesi
SB014 Eclipse Ve Velocity Yaziimlarinda Fuzyon Algoritmalarinin Kalite Kontrolu Yigit Can Oyken

| 12:30-13:30  OGLE ARASI I
4
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13:30-14:00 UYDU SEMPOZYUMU 1 GE HealthCare
Molekiiler Radyoterapide Dozimetre Uygulamalarinin Yeri Didar Talat, Burak Akgiil
2. OTURUM Dozimetri ve Kalite Glivencesinde Teorinin Klinige Yansimalari .
. . .. Radyoterapi
Oturum Bagskanlari: Mehmet Ertugrul Ertiirk, Bahar Dirican
TRS 398 Protokollinde Degisiklikler Elif Onal
14:00-15:10 | Kuigulk Alan Dozimetrisi ve Yeni Cikan Dedektorler Ve Dizeltme Faktorleri Esil Kara
Transmission Dozimetre Oguzhan Ayrancioglu
SB015 Radyoterapi Klinik Doz Araliginda Yeni Tip Bir Dgzimetrenin, Tedavi Okan Sar
Planlama Sistemi Dogrulamasinda Kullanilabiliriliginin Incelenmesi
3. OTURUM Niikleer Tl;?ta R{:)dyasyon Glvenligi Niikleer Tip
15:10-16:10 Oturum Baskani: Nami Yeyin
Radyonuklid Tedavilerde Radyasyon Guvenligi Bagnu Uysal
Tanisal Nuikleer Tip Uygulamalarinda Radyasyon Guivenligi Bilal Kovan

16:10-16:30  Kahvelerinizle Stantlara Bekliyoruz
SOzLU BILDIRILER OTURUMU 3

16:30-17:20 Oturum Baskanlari: Bayram Demir, Nezahat Olacak Radyoterapi

EQD2 Rehberli Kiimiilatif ve izinli Organ Dozu Analizi: Yeniden

SB016 Isinlamalarda TPS’e Yardimci Python Tabanli is Akisi Cemile Ceylan
SB017 Ster.eotak.tlk Vﬁ:rtebra !§|nlamalarlnda Mr Ve Bt Tabanl Tedavi Planlarinin Anatolia Serkizyan
Dozimetrik Degerlendirilmesi
Roc Ve Auc Kullanilarak Vmat Plan Spesifik Qa’nin Linak Hatalarina Karsi
SB018 Duyarlilik Ve Ozgiilliik Performansinin Degerlendirilmesi Hande Ayata
Akciger Kanseri Sbrt Tedavisinde Aaa Ve Acuros Xb Doz Hesaplama Emirhan Kemal
SB019 . o
Algoritmalarinin Kargilastinlmasi Bagriyanik
Dedektor Elektron Yogunlugu Ve Agi Diizeltmelerinin Gamma Analiz . .
SB020 Sonuglarina Etkisi: Farkli Planlama Algoritmalarinin Karsilagtirilmasi Oguzhan Ayrancioglu
SB021 Me.me.Kanserl O.lgu!arlndauﬁgdyqte.raplye Bagl .Kas Hareketlerindeki Yan Burcu Gergek Kalyoncu
Etkilerin Progresif Direng Egitimi lle Incelenmesi
4. OTURUM Radyolojik Gériintiileme Sistemlerinde Teknolojik Gelismeler ..
» Radyoloji
Oturum Baskani: Turan Olgar
Manyetik Rezonans Goruntltilemede Teknolojik Gelismeler ve Glincel Sevim Sahin
17:20-18:30 @ Yaklasimlar
Bilgisayarli Tomografide Teknolojik Gelismeler ve Glincel Yaklagimlar ismail Findikli
Dijital X-Isini Sistemlerinde Teknolojik Gelismeler: Mamografi, Radyografi Gizem Sigsman

ve Floroskopide Giincel Yaklagimlar
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7 KASIM 2025, CUMA

5. OTURUM Medikal Fizik Uzmani Goziiyle Preklinik Calismalar

Oturum Baskanlari: Serhat Aras, Hatice Bilge Becerir, Yasemin Parlak
Preklinik Calismalarda Medikal Fizik Uzmaninin Rolu: Deneysel Tasarimdan
Dozimetriye Translasyonel Bir Yaklasim

In Vitro & In Vivo Radyobiyolojik Modellerde Medikal Fizik Uzmaninin
08:45-09:55 | Disiplinlerarasi Konumu: Doz-Biyolojik Yanit Etki iliskisi

BIRLIKTE OGRENELIM

Preklinik ve Radyobiyolojik Deneysel Calismalarda Karsilasilan Uygulama

Ortak

Nilsu Cini

Cemile Ceylan

Osman Vefa Giil

Zorluklar ve Cozum Stratejileri: Yuvarlak Masa Tartismasi Kadir Yaray
SB022 Prostat Kanseri Hiicrelerinde SiO, Nanopargaciklarinin .
- Songiil Barlaz Us
Radyoduyarlastirici Potansiyeli
6. OTURUM Nuklee.r Tip Sistemlerinde Gérinti Optimizasyonu Niikleer Tip
09:55-10:55 Oturum Bagskani: Bilal Kovan
. . Nukleer Tipta Yeni Cihaz Teknolojileri Turan Sahmaran
Hybrid Gortintlilemede Etkili Faktorler ve Gorlintl Kalitesi Optimizasyonu Feryal Cakir

m Kahvelerinizle Stantlara Bekliyoruz
UYDU SEMPOZYUMU 2 @ m
Oturum Baskanlari: Serap Catli Ding, Seyda Kinay |

Helikal Tomoterapi'de Yeni Oyuncular: "Helix", "Radixact", "Stellar" Kaya Tetik
11:10-11:50 Abdullah Yesil,
Helikal Tomoterapi Tartismali Agik Oturumu: Giinliik 80 ve Uzeri Hasta Tedavi Nilgul Nalbant,
Eden Kliniklerdeki is Akisi Ozgiir Bora imran,

Sumeyra Can

7. OTURUM Zorlu Vakalara Yaklasim

Oturum Baskanlari: Serap Catli Ding, Tiilay Ercan

Radyoterapide Plan Degerlendirme ve Kompleksite: Tedavi Kalitesine Etkisi Recep Kandemir

Zor Vakalar Esliginde Plan Degerlendirme: Akciger Timorlerinde SBRT Plani,

Multiple Beyin Tumorlerinde SRT Plani

Hastaya Spesifik QA Gegmeyen Planlar icin Stratejiler Esin Glindem

| 13:00-14:00 OGLEARASI
UYDU SEMPOZYUMU 3 @ m

Oturum Baskanlari: Yagiz Yedekgi, Siimeyra Can |

Introduction of Mevion Proton Therapy Solutions and 4th Generation S250 Fit Niek Schreuder

Klinisyen Géziinden Stanford Universitesi Proton Konferansi ve Mevion S250Fit Enis Ozyar

8. OTURUM Brakiterapiye Giincel Bir Bakis

Radyoterapi

11:50-13:00

Duygu Baycan Savar

14:00-14:40

Oturum Baskanlari: Yiicel Saglam, Murat Okutan Radyoterapi
Yapay Zeka Brakiterapinin Neresinde? Kerem Duruer
14:40-15:50 | Jinekoloji Disi Brakiterapi Uygulamalari Halil Kiiglcuk
HDR Brakiterapide MRI Tabanli Planlama Yaklasimi Yusuf Ziya Hazeral
SB023 Serviks Kanseri Brakiterapisi’nde MRpre'den CTplan Gorintiilerine .
Aycan Sengiil

Deforme Edilebilir Gorlintii Kaydi Yontemlerinin Arastirilmasi

15:50-16:10  Kahvelerinizle Stantlara Bekliyoruz _
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9. OTURUM Radyoloji’de Kalite Temini: Gincel Standartlar, Optimizasyon ve

Klinige Yansimalar Radyoloji
16:10-17:10  Oturum Baskani: Aysegiil Yurt

Radyoloji Cihazlarinda Kalite Temini ve Klinik Uygulamalardaki Onemi Ceren Ayrancioglu

Radyoloji Uygulamalarinda Optimizasyon ve Hasta Dozlari Asena Yalgin

10. OTURUM Yeniden Isinlamalar

Oturum Baskanlari: Cemile Ceylan, Mustafa Cengiz
ESTRO Fizik Yeniden Isinlama ve ReCOG Calisma Grubu Heidi S. Rgnde
17:10-18:20  Yeniden Isinlamada Kiimdulatif Doz Elde Edilmesi Yontemlerinde
Standardizasyon

TARTISMA Serra Kamer,
Yeniden Isinlamada Klinik Zorluklar: Vaka Esliginde Nasil Isinlayalim? Sinan Hoca

Radyoterapi

Marija Popovic

8 KASIM 2025, CUMARTESI ANA SALON

DiSIPLIN/KONUSMACI

11. OTURUM Yapay Zekanin Medikal Fizik Alanindaki Kullanimi ve Uygulamalari Ortak
Oturum Baskanlari: Fatih Biltekin, Nazim Coskun, Oguz Dicle
Radyoterapide Yapay Zekanin Kalite Kontrolu Yagiz Yedekgi
08:40-09:50 | Niikleer Tipta Radyomiks ve Yapay Zeka Fuat Dede
Radyolojide Yapay Zeka Ulas Bagcl
SB024 Akcigere Yonelik Stereotaktik Beden Radyoterapisi (SBRT) icin Bilgi Seyda Kinay
Tabanli Planlama Kapsaminda Klinik Bir Modelin Degerlendirilmesi
12. OTURUM Niikleer T/pf‘a Tedavi Uygulamalari Niikleer Tip
09:50-10:50 Qturum Baskani: Yasemin Parlak )
Internal Dozimetri Stratejileri Alptug Ozer Yuksel
Radyonuklid Tedavilerde Dozimetri Nami Yeyin
| 10:50-11:10  Kahvelerinizle Stantlara Bekliyoruz |
UYDU SEMPOZYUMU 4 O Elekta
11:10-11:50 EVOLuti f Adaptive RT d bv Elekta O Mustafa Karademir,
ution of Adaptive RT powered by Elekta One Ozgen Soke
13. OTURUM Hareket Yénetimi Sistemleri: Ozellikler, Avantajlar ve Dezavantajlar .
- = Radyoterapi
Oturum Baskanlari: Alper Ozseven, Oznur Senkesen
Solunum Kontrol Teknikleri ile Hareket Yonetimi: DIBH, DEBH, ABC Sumeyra Can
11:50-13:00 @ Gating ile Hareket Yonetimi: Faz, Genlik Yaklagimlari Hande Ayata
Tumor Takibi ile Hareket Yonetimi: Fidusyal ve Fidusyal Olmadan Takip Esra Kuglikmorkog
SB?25 FEadixact Synchrpny N!arkerlgss TUmér Takip Sistemi ile Doz Uygulama Evren Ozan Géksel
Dogrulugunun Dozimetrik Degerlendirmesi
13001400 OGLEARASI
14:00-14:40 UYPUSEMPOZYUMUS ONCOTECH
ProteusONE Proton Therapy System Aidana Shagalakova
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8 KASIM 2025, CUMARTESI DiSIPLIN/KONUSMACI
14. OTURUM Offline Adaptif Radyoterapi: Entegrasyonu, Uygulamasi ve Etkileri Radyoterapi

Oturum Baskanlari: Esra Kiigiikmorkog, Emel Haciislamoglu
14:40-15:50  ideal Offline ART igin Teknik Gereksinimler Burgin ispir
Offline ART’da Pratik is Akisi Gizem Bakicierler
Offline ART: Olgu Tartismasi Gokhan Aydin

15:50-16:10 | Kahvelerinizle Stantlara Bekliyoruz _\

15. OTURUM Gergek Zamanli Adaptif Radyoterapi: Firsatlar, Problemler ve
Cozumler Radyoterapi
Oturum Baskanlari: Burgin ispir, Derya Yiicel, Sule Karabulut Giil

16:10-17:20 @ Abdomen Bolgesi Stereotaktik Viicut Radyoterapisinde Online Adaptif

Radyoterapi: Pankreas igin Problemler ve Firsatlar Nazli Bilici

CBCT Tabanli O-Ring ve C-Arm Linak Sistemlerinde Sentetik CT, Planlama CBCT Melih Uluer

ve Arttirllmig CBCT Goruntllemelerinin Problemleri Ve Firsatlari

16. OTURUM Modern Tedavi Yontemlerine Radyobiyoloji Bakisi Ortak

Oturum Baskanlari: ilknur Bilkay Gérken, Osman Vefa Giil, Fuat Dede

Radyoniiklit Tedavi Yontemleri icin Radyobiyolojik Matematiksel Modeller Bayram Demir

Radyonuklit Tedavilerde Radyobiyolojinin Temelleri ve Doz Yaklasimi Nazim Coskun
17:20-18:30 : . P . ” .

Hipofraksiyone Tedavilerin Radyobiyolojik Mekanizmasi ve Vaka Bazli Hesaplama . .

= . Mehmet Ertugrul Erturk

Ornekleri

KHmulatlf Poza Ulasmak Igin Dogru Goruntu Eslestirme ve Doz Toplama Nadir Kiigiik

Yoéntemleri
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9 KASIM 2025, PAZAR DiSIPLIN/KONUSMACI

17. OTURUM Kalite Kontrol Testleri icin Ulusal Rehberler Calismasina Bakis-1
Oturum Baskanlari: Alper Ozseven, Ayca Caglan

Ulusal Rehberler Calismasi Tanitimi Evren Ozan Goksel
Gorev Grubu-001

Tedavi Planlama Sistemlerinde Kalite Kontrol ve Kalite Glivencesi Raporu
Gorev Grubu-002

Yiiksek Doz Hizli Brakiterapi Cihazlar igin Kalite Kontrol ve Giivence Raporu
Gorev Grubu-003

Tomotherapy/Radixact Cihazlari igin Kalite Kontrol ve Kalite Giivencesi Raporu
Gorev Grubu-004

Cyberknife Robotik Kollu Lineer Hizlandirici igin Kalite Kontrol ve Kalite Mehmet Fazil Enkavi
Guvencesi Raporu

Gorev Grubu-005

MR Linak Cihazlari igin Kalite Kontrol ve Kalite Guvencesi Raporu

18. OTURUM Kalite Kontrol Testleri igin Ulusal Rehberler Calismasina Bakis -2
09:45-10:30 ve Hedeflenen Calismalar Ortak
Oturum Baskanlari: Cemile Ceylan, Songiil Barlaz Us, Nami Yeyin
Gorev Grubu-006

BT-Sim Cihazlari igin Kalite Kontrol ve Kalite Giivencesi Raporu
Gorev Grubu-007

Lineer Hizlandirici Cihazlari igin Kalite Kontrol ve Giivence Raporu
Gorev Grubu-008

Gorunti Kilavuzlugunda Radyoterapi Sistemlerinde Kalite Kontrol ve Kalite Gizem Bakicierler
Guvencesi Raporu

Gelecek Gorev Gruplar igin Konu Onerileri?
| 10:30-10:45_ Kahvelerinizle Stantlara Beklyoruz
19. OTURUM Gecmisten Bugiine Ulkemizde Medikal Fizik ve Gelecek
10:45-12:15 @ Vizyonumuz Ortak
Oturum Baskanlari: Nadir Kiigiik, Yagiz Yedekgi
Panelistler: Tulay Meydanci, Mete Yeginer, Mustafa Demir
12:15-12:45 KAPANIS

09:00-09:45 Radyoterapi

Oguzhan Ayrancioglu

Kerem Duruer

Turgay Toksoy

Artung Ture

Ayca Caglan

Zeynep Ozen
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6 KASIM 2025, PERSEMBE EFES SALONU

DISIPLIN/KONUSMACI
10:45-11:20 SUNULU POSTER BILDIRILER OTURUMU 1
. . Oturum Bagkanlari: Nina Tuncgel, Hikmettin Demir
SP001 Mobius3D Yaziiminin CBCT Tabanli Online Adaptif Planlardaki irerm Avdin
Dogrulugunun ArcCHECK Olgiim Sonuglari ile Degerlendirilmesi y
SP002 Radyoterapi Pr.ofesyonellermde Mesleki Radyasyon Maruziyeti: 42 Yiluk Songiil Karacam
Kapsaml Analiz
SP003 Makine Ogrenme ile SRS/SRT Planlarinin Degerlendirilmesi ve Planlarin Yasemin Karapinar
Skorlanmasi
Halcyon Lineer Hizlandiricida Octavius 4D ile Hasta Spesifik QA: Sistem . .
SP004 Duyarliigi ve 2 mm Kurulum Hatalarinin Klinik Etkisi Deniz Azaklioglu
Tam Meme Radyoterapisinde Tedavi Plani Seciminin Cok Kriterli Karar o
SP005 Verme Yontemleri ile Degerlendirilmesi: Fantom Calismasi Ornegi Ceren Ayrancioglu

EFES SALONU
7 KASIM 2025, CUMA DIiSIPLIN/KONUSMACI
10:00-10:a0 SUNULU POSTER BILDIRILER OTURUMU 2
: . Oturum Bagkanlar:: Sule Parlar, Mustafa Caglar
SP006 Varian Ethos Linerr leland|r|ch|haZ|.nfja On.lme Adaptif Radyoterapi Didem Dilara Gécmez
Planlarinin Performansinin Degerlendirilmesi
SP007 Bllafcveral Meme Badyoteraplglnde VMAT ve dMLC Tedavi Tekniklerinin Yelda Elgim
Akciger Dozlari Uzerine Etkisi
SP008 Halcyon TM 4.1.0 !_inac Cihazinin Isin Verilerinin Dogrulanmasi: Olgiim ve Giilay Giiray
Referans Verilerin Karsilagtirmasi
Coklu Beyin Metastazlarinda Tek ve Coklu izomerkez Tekniklerinin .
SP009 Karsilastirlmasi: Versa HD ve MatriXX ile Gamma Analizi Ebru Cananoglu
SP010 MatriXX Resolution 2D-Array Sisteminin A¢i Bagimuluginin Arastirilmasi Burak Ozyiirek
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Hosgeldiniz Konugsmasi
¢ Turk Radyasyon Onkolojisi Dernegi
¢ Medikal Fizik Dernegi
¢ Radyoterapi Teknikerleri Dernegi

Ulusal Medik&"’f‘i@T
Fizik Kongregg té

yzy

EFES SALON
RTTDER OTURUMLARI

10:10-10:50

10:50-11:10

11:00-12:10

1. OTURUM /GRT Oturumu
Oturum Baskanlari: Nadir Kiigiik, Abidin Tecik, Sule Karabulut Guil

IGRT nin Klinik Rasyoneli ve IGRT Temelli Géruintileme Yontemleri

Nilsu Cini

ileri IGRT Uygulamalarinda Anatomi Bazli ve Vaka Bazli Goriintii Eslestirme
Suregleri, incelikler ve Puf Noktalari

KAHVE ARASI

2. OTURUM Adaptif Rt Oturumu (online)

Oturum Baskanlari: Fadime Alkaya, Muharrem Yanar

Nilgul Nalbant

MR tabanli Online Adaptif Radyoterapi is Akisi, Problemler ve Firsatlar

Adil Merih

CT tabanli Online Adaptif Radyoterapi is Akisi, Problemler ve Firsatlar

irem Aydin

Soru & Cevap

12:10-13:00

13:00 - 14:00

3. OTURUM Adaptif Rt Oturumu (offline)
Oturum Bagskanlari: Vildan Alpan, Adnan Safek

ideal Offline Adaptif Radyoterapi icin Teknik Gereksinimler

Eda Kaya Pepele

Offline Adaptif Radyoterapide Pratik is Akisi

Hasan Uysal

Offline Adaptif Radyoterapi: Olgu Tartismasi

OGLE ARASI

4. OTURUM Hareket Takip Stratejileri Oturumu

Oturum Baskanlari: Sule Parlar, Cafer Atar, ilknur Bilkay Gorken

|

Oya Ariker

15:50-16:10

16:10-17:10

14:00 - 15:00 Solunum Kontrol Teknikleri ile Hareket Yonetimi: DIBH, DEBH, ABC Artung Tlre
Gating ile Hareket Yonetimi: Faz, Genlik Oguzhan Ayrancioglu
Tiimor Takibi ile Hareket Yonetimi: Fidusyal ve Fidusyal Olmadan Takip ilker Siikrii Sahin
Soru & Cevap: RTT’lerigin
Yuvarlak Masa
Oturum Baskani: Hande Ayata

15:00-15:50 | Uygulamasi Ercan ilkiz
Firsatlar Beyza Kant
Problemler Oktay Alkim

KAHVE ARASI
5. OTURUM SGRT Oturumu
Oturum Baskanlari: Emel Haciislamoglu, Abdulkadir Arslan

SGRT’nin Temel Prensipleri,Teknolojisi ve Limitasyonlari

Fazli Yagiz Yedekgi

18:10-18:30

SGRT is Akis Melis Gengtiirk
SGRT’nin Kullanim Alanlar ve Klinik Avantajlari Yeliz Yalgin
6. OTURUM Oar Konturlama Oturumu
Oturum Bagkanlari: Yonca Yahsi Celen, Derya Cone

17:10-18:10 Farkli Anatomik Bélgelerde Manuel ve Al Tabanli Konturlama Ornekleri Hande Sertkaya
MRI tzerinden OAR konturlama Burak Akgul

Soru & Cevap

KAPANIS
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Bildiri No: 4461
Yaymn No: EP00O1
Bildiri Grubu: Radyoterapi / Radyoterapide Yapay Zeka

Bas-Boyun Radyoterapisinde Derin Ogrenme ve Atlas Tabanli Otomatik Konturlamanin
Geometrik Degerlendirmesi

Zeynel SENOL'!, Miige AKMANSU!, Biilent KUCUKPLAKCI!, Mehmet Ferat KIRAN!

"Memorial Ankara Hastanesi

Ozet: Amag:Bas-boyun bolgesi radyoterapisinde risk altindaki organlarm (OAR) dogru sekilde
konturlanmasi, giivenli ve etkin bir tedavi planlamasi i¢in kritik 6neme sahiptir. Ancak manuel konturlama
olduk¢a zaman alict olup, bir hastanin konturlanmas1 2—3 saate kadar siirebilmektedir. Bu nedenle, siireci
hizlandirmak ve dogrulugu artirmak i¢in otomatik konturlama yontemleri gelistirilmistir. Bu calismada, atlas
tabanli (Varian Smart Segmentation) ve derin 6grenme (DL) tabanli (MVISION) otomatik konturlama
yontemlerinin performanst manuel konturlar ile karsilagtirilmistir.Yontem:Bas-boyun radyoterapisi
uygulanan 10 hasta retrospektif olarak degerlendirildi. Her hasta i¢in 10 kritik organ atlas tabanli ve DL tabanli
otomatik yontemlerle konturlandi. Uzman radyasyon onkologlari tarafindan ¢izilen manuel konturlar referans
olarak kabul edildi. Geometrik degerlendirmede Dice Similarity Coefficient (DSC), Hausdorff Mesafesi (HD)
ve 95. yiizdelik Hausdorff Mesafesi (HD95) metrikleri kullanilds. Istatistiksel karsilastirmalar eslestirilmis t-
testi ile yapildi.Bulgular:DL tabanli otomatik konturlama, ¢ogu organda atlas tabanli yonteme kiyasla daha
yiiksek DSC degerleri elde etti. Ozellikle Beyin Sap1 0.67 (0.62—0.72)’den 0.83 (0.80-0.85)’e, Mandibula
0.72 (0.65-0.79)’dan 0.89 (0.86—0.93)’e, Gozler ise 0.78—0.82’den 0.90-0.91’e yiikseldi (p < 0.001). Benzer
sekilde, HD ve HD95 degerleri DL yonteminde anlamli olarak daha diisiik bulundu. Bununla birlikte, kii¢iik
ve diizensiz yapilar (6r. koklea ve larenks) i¢in DL yonteminde DSC degerleri atlas tabanli yonteme gore daha
diisiik seyretti. Genel olarak, istatistiksel analizler ¢ogu organ i¢in DL lehine anlamli farklar
gosterdi.Sonug:Bas-boyun radyoterapisinde DL tabanli otomatik konturlama, atlas tabanli yonteme kiyasla
daha tstlin geometrik dogruluk saglamistir. Kiigiik yapilar i¢in zorluklar devam etse de, biiylik organlarda
belirgin iyilesme saglanmistir. DL yaklasimi, konturlama siiresini kisaltarak ve dogrulugu artirarak klinik is
akisini iyilestirme ve tedavi planlamasini gelistirme potansiyeline sahiptir.

13
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Ug geometrik degerlendirme parametresinin kutu grafikleri
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Atlas tabanli ve DL otomatik konturlama arasindaki konturlarin geometrik dogrulugunun karsilagtirilmasi

OAR METRIC ATLAS DL p Value
DSC 0.67 0.83 <0.001
Brainstem HD 9.53 7.35 0.028
HD95 6.66 4.48 <0.001
DSC 0.38 0.25 0.019
L Cochlea HD 6.42 4.40 0.006
HD95 4.03 2.66 0.01
DSC 0.38 0.25 0.021
R Cochlea HD 6.65 4.76 0.003
HD95 4.02 2.80 0.018
DSC 0.63 0.72 0.033
L Parotis HD 16.62 17.21 0.84
HD95 10.24 8.22 0.136
DSC 0.61 0.75 0.005
R Parotis HD 17.87 17.12 0.725
HD95 10.86 7.64 0.016
DSC 0.61 0.80 <0.001
Oral_Cavity HD 18.09 20.98 0.248
HD95 13.01 10.76 0.093
DSC 0.72 0.89 <0.001
Mandibula HD 16.61 7.77 0.005
HD95 8.07 2.61 0.001
DSC 0.78 0.90 <0.001
Eye R HD 4.99 3.26 <0.001
HD95 3.92 2.36 0.005
DSC 0.82 0.91 <0.001
Eye L HD 4.42 3.32 0.005
HD95 3.28 2.01 0.014
DSC 0.51 0.29 0.003
Larynx HD 21.99 27.69 0.041
HD95 15.83 22.24 0.007
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Anahtar Kelimeler: Bas-boyun radyoterapisi, Otomatik konturlama, Atlas tabanli segmentasyon, Derin
ogrenme, Dice Benzerlik Katsayisi

Abstract No: 4461
Publish No: EP001
Abstract Group: Radiotherapy / Artificial Intelligence in Radiotherapy

Geometric Evaluation of Deep Learning and Atlas-Based Auto-Contouring in Head and
Neck Radiation Therapy

Zeynel SENOL!, Miige AKMANSU!, Biilent KUCUKPLAKCI', Mehmet Ferat KIRAN!

"Memorial Ankara Hospital

Abstract: Purpose:Precise delineation of organs at risk (OARSs) is essential for safe and effective head and
neck radiotherapy. Manual contouring, however, is labor-intensive and may take up to 2-3 hours per patient.
Automated contouring approaches have been developed to improve efficiency and accuracy. This study aimed
to compare atlas-based (Varian Smart Segmentation) and deep learning (DL)-based (MVISION) auto-
contouring methods against manual contours.Methods:Ten patients undergoing head and neck radiotherapy
were retrospectively analyzed. Ten critical OARs per patient were delineated using both atlas-based and DL-
based auto-contouring. Expert manual contours served as the reference standard. Geometric evaluation
included Dice Similarity Coefficient (DSC), Hausdorff Distance (HD), and 95th percentile Hausdorff Distance
(HD95). Statistical comparisons between methods were performed using paired t-tests.Results:DL-based
auto-contouring demonstrated higher DSC values for most OARs compared to atlas-based segmentation.
Notably, Brainstem improved from 0.67 (0.62—0.72) to 0.83 (0.80—0.85), Mandible from 0.72 (0.65-0.79) to
0.89 (0.86-0.93), and Eyes from 0.78-0.82 to 0.90-0.91 (p < 0.001). Similarly, HD and HD95 values were
consistently lower with DL, indicating closer agreement with manual contours. However, performance for
small and irregular structures such as the cochlea and larynx remained limited, with lower DSC values
observed for DL than atlas-based segmentation. Overall, statistical analysis confirmed significant
improvements in favor of DL for most OARs.Conclusion:DL-based auto-contouring provided superior
geometric accuracy compared with atlas-based methods in head and neck radiotherapy. While challenges
persist in small structures, DL significantly improved performance in larger OARs, reducing both contouring
variability and boundary errors. By shortening contouring time and improving accuracy, DL-based approaches
have the potential to streamline clinical workflow and enhance treatment planning.
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Boxplots of three geometric accuracy evaluation parameters
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Comparison of geometric accuracy of contours between atlas-based and DL auto-contouring

OAR METRIC ATLAS DL p Value
DSC 0.67 0.83 <0.001
Brainstem HD 9.53 7.35 0.028
HD95 6.66 4.48 <0.001
DSC 0.38 0.25 0.019
L Cochlea HD 6.42 4.40 0.006
HD95 4.03 2.66 0.01
DSC 0.38 0.25 0.021
R Cochlea HD 6.65 4.76 0.003
HD95 4.02 2.80 0.018
DSC 0.63 0.72 0.033
L Parotis HD 16.62 17.21 0.84
HD95 10.24 8.22 0.136
DSC 0.61 0.75 0.005
R Parotis HD 17.87 17.12 0.725
HD95 10.86 7.64 0.016
DSC 0.61 0.80 <0.001
Oral_Cavity HD 18.09 20.98 0.248
HD95 13.01 10.76 0.093
DSC 0.72 0.89 <0.001
Mandibula HD 16.61 7.77 0.005
HD95 8.07 2.61 0.001
DSC 0.78 0.90 <0.001
Eye R HD 4.99 3.26 <0.001
HD95 3.92 2.36 0.005
DSC 0.82 0.91 <0.001
Eye L HD 4.42 3.32 0.005
HD95 3.28 2.01 0.014
DSC 0.51 0.29 0.003
Larynx HD 21.99 27.69 0.041
HD95 15.83 22.24 0.007

Keywords: Head and neck radiotherapy, Auto-contouring, Atlas-based segmentation, Deep learning, Dice
Similarity Coefficient
18
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Bildiri No: 5352
Yayin No: EP002
Bildiri Grubu: Radyoterapi / Radyoterapide Tedavi Planlama

Meme Kanseri Simultane Integre Boost Tekniginde, Tomoterapide Dinamik Ve Sabit Jaw
Uygulamalari; Dozimetrik Karsilagtirma

Sevecen Seyhun NASIR CAN!, Hiiseyin TEPETAM!, Sule KARABULUT GUL!

Kartal Dr. Liitfi Kirdar Sehir Hastanesi Radyasyon Onkolojisi Klinigi
?Kartal Dr. Liitfi Kirdar Sehir Hastanesi Radyasyon Onkolojisi Klinigi

Ozet: AMAC:Calismamizda,klinigimize basvuran ve Helikal Tomoterapi(HT) cihazinda Simultane integre
boost(SIB) teknigi ile tedavisi yapilan sol meme kanser hastalarinda dinamik ve sabit jaw uygulamasi ve farkli
jaw genisligi se¢iminin hedef-voliim,riskli-organ,konformite indeks(Cl)ve tedavi siiresine etkisinin
dozimetrik olarak karsilagtirilmasi amaglanmistir MATERYAL-METOT:Calismaya sol meme koruyucu
cerrahi sonras1 1liml1 hipofraksiyon ve SIB-teknigi ile tedavisi planlanan toplam 12-hasta dahil edildi.Uygun
pozisyonda hastalarin bilgisayarli tomografi(BT) ile goriintiillemeleri alindi.Hastalarin hedef-voliimleri ile
kalp,kars1 meme,kars1 akciger,taraf akciger ve LAD,RadyasyonTerapisiOnkolojiGrubu(RTOG)konturlama
ilkelerine  gore  konturlandi.Fraksiyonizasyon,Meme  voliimiine-40Gy ve  Boost  voliimiine-
48Gy/15fraksiyonda olacak sekilde tanimlandi.HT cihazi Accuray planlama sisteminde;her hastaya uygun
pitch-modiilasyon faktorii belirlenerek segilen planlar1 ayni sinirlamalarla belirlendi.Recete edilen doz,boost
voliimiiniin %95’inin aldig1 doz-48Gy olacak sekilde hastalarin her birine dinamik jaw 2,5cm(DJ25)-
5,0cm(DJ50),sabit jaw 2,5cm(FJ25)-5,0cm(FJ50)modunu kullanarak dort plan yapildi ve karsilastirildi.Elde
edilen DVH iizerinden farkli jaw genislikleri i¢cin PTV,nCI,D95,D2,s0l akciger,kars1 akciger,kalp,karst
meme,LAD degerleri ve tedavi siireleri(beam-on-time)veri kayit formuna islendi.Riskli organ
siirlamalarinda RTOG ve QUANTEC dozlar1 referans alindi.Planlar arasindaki herhangi bir farkin
istatistiksel 6nemi iki tarafli eslestirilmis t-testi ile-SPSS24.0 yazilim1 kullanilarak yiiriitiildii.P<0,05 anlamli
olarak degerlendirildi. BULGULAR:Analizler sonucunda PTVboostvoliimiiniin DJ25jaw plan genisliginin
CI-nCI degerleri diger jaw genisliklerine gore daha {istiin bulundu.Taraf akciger DJ50,FJ25¢e gore anlamli
cikarken kars1 akciger,karst meme,ve kalp Dmeanleri veV17 degerleri ile tedavi siireleri tiim jaw genislikleri
arasinda anlamh olarak  bulunmustur.Diger anlaml farklar  ve bulgular  tabloda
ozetlenmistir. SONUC:Dinamik jaw modu ile hedef organ dozlarinda ve risk altindaki organlari(OAR) koruma
acisindan sabit jaw modundan daha iyi bir plan kalitesi elde ettik.Tedavi siiresinde DJ50planlar1 ve
FJ50planlar1 en kisa tedavi siirelerine sahipti.DJ25 planlar1 Clve nCI eniyi sonuglart versede PTV ve OAR
dozlarinda(DJ50 planlarina gore)bir istiinlik saglamadi(kontralateral akciger Dmean kalp V17
disinda).Sonug olarak,meme hastalarinda SIB uygulamalari i¢cin HT de dinamik kii¢lik jaw se¢imi ile daha
konformal plan ve Ozellikle nCI acisindan daha optimal plan elde edilmekte ancak tedavi siiresi
uzamaktadir.Dinamik jaw-2.5cm modunda tedavi siiresinin uzun olmasi ve yogun hasta potansiyeline sahip
klinikler g6z oOnilinde bulunduruldugunda,dinamik 5.0cm modu iyi bir alternatif secenek olarak
gozlemlenmektedir.
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Tim jaw genislikleri arasinda anlamli farklar ve bulgular

Yopior istatistik 5cmDJ S5cmFi 2,5cm DI 2,5cmFi
Tedovi Sire {mean) 4386750 13,1500 724,3833 691,1250
PTV meme Dmean 42,3325 42,4008 42,0433 42,0725
D95% (Gy) 39,8550 39,8200 39,7308 39,5150
D2% {Gy] 49,2875 49,5417 49,3500 49,4517
Dmin 30,8342 30,2800 30,8742 30,3850
PTV boost Dmean 49,7117 49,7525 49,5500 49,6817
DI5% {Gy) 43 48 48 43
D2% (Gy) 51,4857 51,4375 50,8775 51,0725
a 1,2592 1,2917 12,1808 1,1950
nQl 1,3383 1,3533 1,2383 1,2625
Kalp Dmeaon 3,5892 35,9833 3,6858 53,9172
v17% 0,4557 1,1092 1,0583 1,0833
Lap Dmean 5,2542 5,5325 §,0517 6,3350
Dmaks 11,8017 13,2125 14,4433 15,0308
Taraf Akciger Dmegn 7,8083 B,0708 7,5242 B,4882
v20% (Gy) 20,7250 11,8500 11,9750 12,1333
V7% (Gy) 14,5917 15,0583 14,9333 14,7833
V8% (Gy) 28,8000 29,5033 28,8167 32,4417
V4% (Gy) 49,7500 51,4000 50,5175 54,2000
Karsi Akciger Dmean -3,3633 35,7683 3,3783 3,5800
va 29,0333 34,9167 28,2583 32,5333
Korsi Meme Dmean 3,2783 3,4975 3,1667 3,2775
Ds 5,2892 65,4575 5,9892 §,2317
D10 5,3100 5,4583 5,0808 5,2767
Modiilosyon 2,8250 2,317 2,3567 2,3857
Foktor

Tablo 12 hastamn 4 fackh planda PTV, Doz-Hacim Paramatralerni ve tadavi stralerinin (ortalamas)
karsilasinlmaz. PTV=Planlanan targat vcix'xn,kaimik jaw, FI=Fix jaw, LAD=s20l kofonar artar
CI=Konformits Indeks, nCI=Yeni Komformite Indsks
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Anahtar Kelimeler: Helikal Tomoterapi,meme kanseri,Simultane integre boost(SIB)
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Abstract No: 5352
Publish No: EP002
Abstract Group: Radiotherapy / Treatment Planning in Radiotherapy

Dynamic and Fixed Jaw Applications in Tomotherapy and Simultaneous Integrated Boost
Technique for Breast Cancer: Dosimetric Comparison

Sevecen Seyhun NASIR CAN!, Hiiseyin TEPETAM!, Sule KARABULUT GUL!

Kartal Dr. Liitfi Kirdar City Hospital Radiation Oncology Clinic
?Kartal Dr. Liitfi Kirdar City Hospital Radiation Oncology Clinic

Abstract: PURPOSE:Our study aimed compare the effects of dynamic-and-fixed-jaw application
withdifferent jaw width selection on target-volume,organ at risk,conformity index(CI),and treatment duration
in left-breast-cancer patients who were admitted to our clinic and treated with the-Simultaneous-Integrated-
Boost(SIB) technique on Helical-Tomotherapy(HT).MATERIALS-METHODS:12 patients who were
planned to be treated with moderate-hypofraction andSIB-technique after left breastconserving surgery were
included in the study.Computed tomography(CT)images were obtained with the patients in the appropriate
position.The target-volumes of the patients and(the heart,contralateral breast,contralateral lung,side
lung,andLAD)were contoured according to the RadiationTherapyOncologyGroup(RTOG).Fractionation was
defined as-40Gy for the-breast-volume and 48Gy/15fractions for the-boost-volume.The HT-device was used
for-Accuray-planning.In the system,the appropriate pitch-and-modulation factor was determined for each-
patient and the selected-plans were determined with the same limitations.The prescribed-dose was the dose
received by-95%-of the boost volume-48Gy,and four-plans were made for each patient using(the dynamic-
jaw2.5cm(DJ25)-5.0 cm(DJ50)and fixed-jaw2.5cm(FJ25)-5.0cm(FJ50)) mode and
compared.(PTV,nCI,D95,D2,left lung,opposite lung,heart,opposite breast,LADvalues and treatment
times(beam-on-time))for different jaw widths through the obtained DVHwere recorded in the data recording
form.RTOGand-QUANTECdoses were taken as reference in the-organlimitations.The statistical significance
of any difference between the plans was carried out by two-sided paired t-test using SPSS24.0 software.P<0.05
was considered significant. RESULTS:As a result of the analyses,CI-nCl-values of the-DJ25jaw plan width of
the PTVboost-volume were found to be superior to those of the other-jaw widths.The lateral lungDJ50 was
found to be significant compared to the-FJ25,while the contralateral lung,contralateral breast,and heart
Dmeans,V17 values,and treatment times were found to be significant across all jaw widths.Other significant
differences are summarized in the table. CONCLUSION:We achieved better plan quality with the dynamic
jaw mode than the fixed jaw mode in terms of target organ doses and organs at risk(OAR) protection.The
DJ50 and FJ50plans had the shortest treatment times.While the DJ25plans provided the best results with
Cland-nCILthey did not provide any superiority over the DJ50plans in PTV andOAR doses(except for the
contralateral lung Dmean and heart V17).In conclusion,for SIB-applications in breast patients,a more
conformal plan,especially in terms of nCl,was obtained with the dynamic small jaw selection in HT,but the
treatment time was longer.Considering the long treatment time in the dynamic jaw-2.5cm mode and the clinics
with a busy patient potential,the dynamic 5.0cm mode is observed as a good alternative option.
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Significant differences and findings among all jaw widths

Yopior istatistik 5cmDJ S5cmFi 2,5cm DI 2,5cmFi
Tedovi Sire {mean) 4386750 13,1500 724,3833 691,1250
PTV meme Dmean 42,3325 42,4008 42,0433 42,0725
D95% (Gy) 39,8550 39,8200 39,7308 39,5150
D2% {Gy] 49,2875 49,5417 49,3500 49,4517
Dmin 30,8342 30,2800 30,8742 30,3850
PTV boost Dmean 49,7117 49,7525 49,5500 49,6817
DI5% {Gy) 43 48 48 43
D2% (Gy) 51,4857 51,4375 50,8775 51,0725
a 1,2592 1,2917 12,1808 1,1950
nQl 1,3383 1,3533 1,2383 1,2625
Kalp Dmeaon 3,5892 35,9833 3,6858 53,9172
v17% 0,4557 1,1092 1,0583 1,0833
Lap Dmean 5,2542 5,5325 §,0517 6,3350
Dmaks 11,8017 13,2125 14,4433 15,0308
Taraf Akciger Dmegn 7,8083 B,0708 7,5242 B,4882
v20% (Gy) 20,7250 11,8500 11,9750 12,1333
V7% (Gy) 14,5917 15,0583 14,9333 14,7833
V8% (Gy) 28,8000 29,5033 28,8167 32,4417
V4% (Gy) 49,7500 51,4000 50,5175 54,2000
Karsi Akciger Dmean -3,3633 35,7683 3,3783 3,5800
va 29,0333 34,9167 28,2583 32,5333
Korsi Meme Dmean 3,2783 3,4975 3,1667 3,2775
Ds 5,2892 65,4575 5,9892 §,2317
D10 5,3100 5,4583 5,0808 5,2767
Modiilosyon 2,8250 2,317 2,3567 2,3857
Foktor

Tablo 12 hastamn 4 fackh planda PTV, Doz-Hacim Paramatralerni ve tadavi stralerinin (ortalamas)
karsilasinlmaz. PTV=Planlanan targat vcix'xn,kaimik jaw, FI=Fix jaw, LAD=s20l kofonar artar
CI=Konformits Indeks, nCI=Yeni Komformite Indsks

Siive
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Lenemn OB0-F25 p 0024
PV boast Ko savaf Aeide
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Nane Meme
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Keywords: Helical Tomotherapy,breast cancer,Simultaneous Integrated Boost (SIB)
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Bildiri No: 5765
Yaymn No: EP003
Bildiri Grubu: Radyoterapi / Radyoterapide Tedavi Planlama

Sol Yerlesimli Meme Kanseri Radyoterapisinde U¢ Boyutlu Konformal, Dinamik Yogunluk
Ayarli ve Voliimetrik Ark Terapi Tedavi Planlarinin Dozimetrik Olarak incelenmesi

Ugur Oflaz!, Derya Ayhan?, Kiibra Kili¢?

'Firat Universitesi Tip Fakiiltesi Radyasyon Onkolojisi ABD
’Elaz1g Fethi Sekin Sehir Hastanesi Radyasyon Onkolojisi Klinigi
3 Ankara Bilkent Sehir Hastanesi Radyasyon Onkolojisi Klinigi

Ozet: Bu calisma, sol meme kanseri nedeniyle meme koruyucu cerrahi uygulanmis ve aksilla ile
supraklavikiiler lenf nodu tutulumu bulunan 10 hastada, dort farkli radyoterapi tekniginin (3D-CRT, DIMRT,
tVMAT ve yVMAT) dozimetrik agidan karsilagtirllmasini amaglamaktadir. Tedavi planlari, 50 Gy 25
fraksiyonluk standart regete dozuna gore hazirlanmis ve planlamalar sirasinda hem hedef hacimlerin yeterli
dozu kapsanmasi hem de kritik organlarin (kalp, akcigerler, karst meme vb.) korunmasi goézetilmistir. Her
teknik i¢in PTV’lere ait ortalama doz, maksimum doz, V95, V107, V110, homojenite (HI) ve konformalite
(CI) indeksleri degerlendirilmistir. Ayrica sol ve sag akciger, kalp, karst meme, 6zefagus ve spinal kord i¢in
cesitli dozimetrik parametreler incelenmistir. Elde edilen bulgulara gore, tiim teknikler temel klinik
gereksinimleri karsilarken, her birinin farkli avantaj ve sinirlamalar1 bulunmustur. 3D-CRT planlar1 6zellikle
kontrlateral organlarin korunmasinda 6ne ¢ikarken, hedef hacim konformalite ve homojenitesi acisindan
modern tekniklerin gerisinde kalmistir. DIMRT, homojen doz dagilimi1 ve kalp gibi kritik organlarda daha
diisikk doz degerleriyle avantaj saglamistir. yVMAT ise hedef kapsama ve CI agisindan en iyi sonuglari
verirken, kontrlateral organlarda artan diisiik doz maruziyeti dikkat ¢ekmistir. Sonugclar, teknik se¢iminin
bireysel hasta anatomisi ve uzun dénem toksisite riskleri géz 6niinde bulundurularak yapilmasi gerektigini
gostermektedir.
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Ayni hastaya ait DVH goriintiisii

) k o~ —\\?':\5 '
‘ + ,..,ri‘:)??:_. . C) .
Aynt hastaya ait DVH goriintiisii a) 3D- CRT planin DVH goériintiisii, b) DIMRT planin DVH goériintiisti, c)

tVMAT planin DVH goriintiisii, d) yVMAT planin DVH goriintiisii

Anahtar Kelimeler: Sol meme kanseri, Radyoterapi, 3D-CRT, IMRT, VMAT
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Abstract No: 5765
Publish No: EP003
Abstract Group: Radiotherapy / Treatment Planning in Radiotherapy

Dosimetric Investigation of Three-Dimensional Conformal, Dynamic Intensity Modulated
and Volumetric Arc Therapy Treatment Plans in Left-Sided Breast Cancer Radiotherapy

Ugur Oflaz!, Derya Ayhan?, Kiibra Kili¢?

IFirat University Faculty of Medicine, Department of Radiation Oncology
’Elaz1g Fethi Sekin City Hospital Radiation Oncology Clinic
3 Ankara Bilkent City Hospital Radiation Oncology Clinic

Abstract: This study aims to dosimetrically compare four different radiotherapy techniques—3D-CRT,
DIMRT, tVMAT, and yVMAT—in ten patients with left-sided breast cancer who underwent breast-
conserving surgery and had axillary and supraclavicular lymph node involvement. All treatment plans were
generated based on a standard prescription dose of 50 Gy in 25 fractions. The planning process prioritized
adequate dose coverage of target volumes (PTVmeme, PTVaks, PTVskf) while minimizing radiation exposure
to critical organs, including the heart, lungs, contralateral breast, esophagus, and spinal cord. Dosimetric
parameters such as mean dose, maximum dose, V95, V107, V110, homogeneity index (HI), and conformity
index (CI) were evaluated for each technique. Results showed that all four techniques met clinical standards,
but each had distinct strengths and limitations. 3D-CRT was advantageous in sparing contralateral organs but
was inferior in terms of dose conformity and homogeneity. DIMRT achieved better dose homogeneity and
reduced heart dose, suggesting potential benefits in lowering cardiotoxicity. yVMAT provided the best target
coverage and CI but resulted in increased low-dose exposure to contralateral organs, which may be associated
with long-term toxicity risks. These findings underline the importance of individualized treatment planning
based on patient-specific anatomy and clinical priorities. While modern techniques enhance dose distribution,
careful evaluation is necessary to balance tumor control with the protection of healthy tissues.
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DVH image of the same patient

{
y { b)

DVH image of the same patient a) DVH image of 3D-CRT plan, b) DVH image of DIMRT plan, c) DVH
image of tVMAT plan, d) DVH image of yVMAT plan

Keywords: Left breast cancer, Radiotherapy, 3D-CRT, IMRT, VMAT

26



2 O Ulusal Medikc'ﬂﬂ\@)
@

Fizik Kongresk ) &

6-9 Kasim 2025

Pine Bay Holiday Resort, Kusadasi / AYDIN / % A

Bildiri No: 8603
Yayimn No: EP004
Bildiri Grubu: Niikleer T1p / Niikleer Tipta Radyasyondan Korunma

Tc-99m Mibi Ile Paratiroid Sintigrafisinde Organ Dozlar
Merve Giire', Funda Ustiin!

!Trakya Universitesi
>Trakya Universitesi

Ozet: Paratiroid bezlerinin goriintiilenmesinde niikleer tipta en sik kullanilan y&ntem paratiroid sintigrafisidir.
Bu amagla en yaygin olarak Tc-99m MIBI (Methoxyisobutylisonitrile) radyofarmasétigi ile planar ve SPECT
(Single Photon Emission Tomography) goriintiileme yapilmaktadir. Kanser tedavisi alip iyilesen bireylerde
erken dliimlerin baslica nedenlerinden biri sekonder malign neoplazmalardir (SMN). Diinya Saglik Orgiitii
(WHO), tedaviye bagli miyeloid neoplazmalart (t-MN) hematolojik ve lenfoid tiimoérler sinifinda
degerlendirmektedir. Radyasyonun en yiiksek t-MN riskini olusturdugu bolgeler aktif kemik iligi iceren pelvis
(%34), omurlar (%35) ve gogiis kafesidir (%19). Zhao ve ark.’larmin ¢alismasinda, paratiroid sintigrafisi
yapilan vakalarin yaklagik {i¢te birinde Tc-99m MIBI’nin diffiiz kemik iligi tutulumu gésterdigi bildirilmistir.
Bu durum genellikle PTH (parathormon) yiiksekligine baglanmakla birlikte, tutulum mekanizmasi tam olarak
aciklanamamistir. Bu calismada, Tc-99m MIBI ile gergeklestirilen paratiroid sintigrafisinde hedef organ ve
kemik 1iligi absorbsiyon dozlarmin hesaplanmasi ve bunlarin PTH diizeyi ile olast iliskilerinin
degerlendirilmesi amaglanmustir. Trakya Universitesi Niikleer Tip Anabilim Dal1’na hiperparatiroidi tanist ile
basvuran 19 hasta calismaya dahil edilmistir. Tc-99m MIBI ile elde edilen planar ve SPECT goriintiiler
tizerinden ROI c¢izimleri yapilarak anterior ve posterior saymmlar alinmig, geometrik ortalamalar
hesaplanmistir. Arka plan diizeltmeleri sonrasi net sayimlar elde edilmis, ayn1 yontem enjektor sayimlari igin
de uygulanmistir. Doz kalibratoriinde dlgiilen aktivite ile gama kamerada geometrik ortalamalarini aldigimiz
sayimlart boliip birim aktivitedeki saymmi belirledik. Tiim bu buldugumuz sayimlarla daha &nce
hesapladigimiz birim aktivite bagina sayim doniigiim faktorii ile organ aktiviteleri hesaplanmistir. Dozimetrik
analizler MIRD yontemi ile yapilmig; tiim viicut, humerus, femur, sternum ve klavikula kemik iligi
absorbsiyon dozlar1 hesaplanmistir. Elde edilen sonuglarda, organ ve kemik iligi absorbsiyon dozlar1 ile PTH
degerleri arasinda istatistiksel olarak anlamli bir iligski bulunmamaistir (p>0.05). Tc-99m MIBI ile paratiroid
sintigrafisinde bazi hastalarda gozlenen kemik iligi tutulumu ek bir radyasyon dozuna yol agmamustir. Sonug
olarak, kemik iligi tutulumunun PTH yiiksekligi ile iligkili olmadig1 ve hastalara uygulanan MIBI dozunun
PTH diizeyine gore degistirilmesine gerek olmadigi goriilmiistiir.
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Hastanin humerus, femur, sternum, klavikula anterior ve posterior ROI ¢izimleri
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Tlgili Organ p
Tiim viicut
1.saat| 0,244
4.saat 0,250
24 .saat 0,569
Humerus
1.saat| 0,630
4.saat 0,927
24 .saat 0,278
Femur
1.saat 0,753
4 saat 0,752
24 saat 0,832
Sternum
1.saat| 0,086
4 saat 0,512
24 saat 0,564
Klavikula
1.saat 0,166
4.saat 0,487
24 .saat 0,349

Hastalarin ilgili organlardaki absorbe doz degerlerinin PTH degerleriyle karsilastiriimasi

Anahtar Kelimeler: MIRD, Paratiroid Sintigrafisi, PTH, SPECT, Tc-99m MIBI
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Abstract No: 8603
Publish No: EP004
Abstract Group: Nuclear Medicine / Radiation Protection in Nuclear Medicine

Organ Doses in Parathyroid Scintigraphy with Tc-99m Mibi
Merve Giire', Funda Ustiin!

ITrakya University
*Trakya University

Abstract: Parathyroid scintigraphy is the most commonly used nuclear medicine method for imaging the
parathyroid glands. For this purpose, planar and SPECT (Single Photon Emission Computed Tomography)
imaging is most frequently performed using the radiopharmaceutical Tc-99m  MIBI
(Methoxyisobutylisonitrile). One of the main causes of early death in individuals who have undergone and
recovered from cancer treatment is secondary malignant neoplasms (SMN). The World Health Organization
(WHO) classifies therapy-related myeloid neoplasms (t-MN) under hematologic and lymphoid tumors. The
regions with the highest risk of t-MN due to radiation are the pelvis (34%), vertebrae (35%), and thoracic cage
(19%), which contain active bone marrow. In the study by Zhao et al., approximately one-third of patients
undergoing parathyroid scintigraphy showed diffuse bone marrow uptake of Tc-99m MIBI. This phenomenon
is generally attributed to elevated parathyroid hormone (PTH) levels, although the exact mechanism of uptake
has not been fully explained.The aim of this study was to calculate target organ and bone marrow absorbed
doses in parathyroid scintigraphy performed with Tc-99m MIBI and to evaluate their potential relationship
with PTH levels. Nineteen patients diagnosed with hyperparathyroidism at Trakya University Department of
Nuclear Medicine were included. ROI analyses were performed on planar and SPECT images to obtain
anterior and posterior counts, and geometric means were calculated. Net counts were obtained after
background correction, and the same method was applied for syringe counts. Counts measured with the
gamma camera were divided by the activity measured in the dose calibrator to determine counts per unit
activity. Organ activities were then calculated using a previously determined count per unit activity conversion
factor. Dosimetric analyses were performed using the MIRD method, and absorbed doses for the whole body,
humerus, femur, sternum, and clavicular bone marrow were calculated. The results showed no statistically
significant relationship between organ or bone marrow absorbed doses and PTH levels (p>0.05). Diffuse bone
marrow uptake observed in some patients during Tc-99m MIBI parathyroid scintigraphy did not result in
additional radiation dose. In conclusion, bone marrow uptake is not associated with elevated PTH levels, and
there is no need to adjust Tc-99m MIBI doses based on PTH levels.
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Patient's humerus, femur, sternum, clavicle anterior and posterior ROI drawings
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Tlgili Organ p
Tiim viicut
1.saat| 0,244
4.saat 0,250
24 .saat 0,569
Humerus
1.saat| 0,630
4.saat 0,927
24 .saat 0,278
Femur
1.saat 0,753
4 saat 0,752
24 saat 0,832
Sternum
1.saat| 0,086
4 saat 0,512
24 saat 0,564
Klavikula
1.saat 0,166
4.saat 0,487
24 .saat 0,349

Comparison of patient's absorbed dose values in relevant organs with PTH values

Keywords: MIRD, Parathyroid Scintigraphy, PTH, SPECT, Tc-99m MIBI
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Bildiri No: 5257
Yaymn No: EP005
Bildiri Grubu: Radyoterapi / Radyoterapide Tedavi Planlama

Meme kanseri radyoterapisinde field in field (FIF) teknigi planlarinda grid size ve
algoritmalarin dozimetrik etkisi

Kaan Giizsoy', Arda Kahraman', Sema Tung!
'Bursa Uludag Universitesi Tip Fakiiltesi Hastanesi Radyasyon Onkolojisi Anabilim Dali

Ozet: Meme kanseri radyoterapisinde kullanilan FIF teknigi, modern yontemlerin gelismesine ragmen birgok
klinikte giincelligini koruyarak uygulanmaya devam etmektedir. Bu ¢alismada, FIF tekniginde farkli doz
hesaplama algoritmalar1 (Monte Carlo, Collapsed Cone, Pencil Beam) ve grid size degerlerinin (1.5, 3, 5 mm)
planlama sonuglarina etkileri incelenmistir. Lokal ileri evre sol meme kanseri tanili 10 hastanin verileri
kullanilarak toplam 90 plan, Monaco TPS (Elekta Synergy) ilizerinde olusturulmustur. Her hastada {i¢
algoritma ve li¢ grid size kombinasyonu uygulanmis, Monte Carlo 1.5 mm grid size (MC1.5) plani referans
kabul edilmistir. Bulgulara gore, PTVmeme’de en yiiksek deger MC1.5, en diisiik deger Pencil Beam 5 mm
grid size (PB5) planinda; PTVskv’de ise en yliksek deger PB1.5, en diisiik deger Collapsed Cone 5 mm grid
size (CCS5) planinda hesaplanmistir. PTVmeme D%95 icin PB1.5 planinda %6,9, CC1.5 planinda %6,8;
PTVskv D%95 i¢in ise PB1.5 planinda %3,2, CC1.5 planinda %1,8 azalma saptanmistir. OAR analizlerinde
Monte Carlo planlar1 daha yiiksek doz degerleri hesaplamistir. Ornegin, kalp V5 degeri MC1.5’e kiyasla
PB1.5’te %41,6, CC1.5’te %22,7 daha diisiik bulunmustur. Benzer sekilde, ipsilateral akciger V20 degeri
MC1.5’e kiyasla, PB1.5’te %7,9 ve CCl1.5’te %7,7 oraninda azalmistir. Sonu¢ olarak, FIF tekniginin
kliniklerde yaygin kullanimini siirdiirdiigii goz oniinde bulunduruldugunda, ilk asamada CCS5 ile hizh
planlama yapilmas1 ve sonrasinda MC1.5 ile yeniden hesaplama yapilarak MU degerlerinin diizenlenmesi ile
dogruluk ve islem siiresi arasinda dengeli bir yaklasim sunulabilir.
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A: MC1.5 plani; B: CC1.5 plani; C: PB1.5 plam

A: MC1.5 plani; B: CC1.5 plani; C: PB1.5 plani. Ug farkli algoritma kullanilarak olusturulan planlardaki
doz dagilimlarinin karsilagtirilmasi.

Tablo 1. PTVmeme hedef hacim doz degerleri

PTVmeme MC1.5 PBI1.5 CCs

Dmean(Gy) 50,26 46,85 46,72
Doios(Gy) 47,6 44,32 44,35
Do2(Gy) 53,02 49,33 49,29

PTVmeme hedef hacim doz degerleri

Anahtar Kelimeler: radyoterapi, VMAT, grid size, algoritma, sol meme kanseri
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Abstract No: 5257
Publish No: EP005
Abstract Group: Radiotherapy / Treatment Planning in Radiotherapy

Dosimetric Impact of Grid Size and Dose Calculation Algorithms in Field-In-Field (FIF)
Technique Plans for Breast Cancer Radiotherapy

Kaan Giizsoy', Arda Kahraman', Sema Tung!
"Department of Radiation Oncology, Faculty of Medicine Hospital, Bursa Uludag University

Abstract: Despite the development of modern radiotherapy techniques, the field-in-field (FIF) technique
remains widely used in many clinics for the treatment of breast cancer. This study aimed to evaluate the impact
of different dose calculation algorithms (Monte Carlo, Collapsed Cone, Pencil Beam) and grid size values
(1.5, 3, and 5 mm) on treatment planning outcomes within the FIF technique. A total of 90 treatment plans
were generated using Monaco TPS (Elekta Synergy) for 10 patients diagnosed with locally advanced left-
sided breast cancer. For each patient, all combinations of three algorithms and three grid sizes were applied,
and the Monte Carlo 1.5 mm grid size (MC1.5) plan was considered the reference. According to the findings,
the highest values for PTVbreast were observed in the MC1.5 plans, while the lowest values were in the Pencil
Beam 5 mm (PBY5) plans. For PTVSCV, the highest values were found in PB1.5 plans and the lowest in
Collapsed Cone 5 mm (CC5) plans. In terms of PTVbreast D95%, a reduction of 6.9% in PB1.5 and 6.8% in
CC1.5 was observed. For PTVSCV D95%, the reductions were 3.2% in PB1.5 and 1.8% in CC1.5 compared
to MC1.5. In the analysis of organs at risk (OARs), Monte Carlo—based plans consistently calculated higher
dose values. For instance, the heart V5 value was found to be 41.6% lower in PB1.5 and 22.7% lower in CC1.5
compared to MC1.5. Similarly, the ipsilateral lung V20 value was 7.9% lower in PB1.5 and 7.7% lower in
CCl1.5. In conclusion, considering the continued widespread clinical use of the FIF technique, an initial
planning with CC5 for efficiency followed by a recalculation using MC1.5 with monitor unit (MU)
adjustments may offer a balanced approach between accuracy and planning time.
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A: MC1.5 plan; B: CC1.5 plan; C: PB1.5 plan

A: MC1.5 plan; B: CC1.5 plan; C: PB1.5 plan. Comparison of dose distributions in plans created using three
different dose calculation algorithms.

Dosimetric values for the PTVbreast target volume

PTVmeme MCI1.5 PB1.5 CCl1.5
Dmean(Gy) 50,26 46,85 46,72
Deyos(Gy) 47,6 44,32 44,35
Doi2(Gy) 53,02 49,33 49,29

Dosimetric values for the PTVbreast target volume

Keywords: radiotheraphy, VMAT, grid size, algorithm, left breast cancer,
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Bildiri No: 8563
Yayimn No: EP006
Bildiri Grubu: Radyoterapi / Radyoterapide Tedavi Planlama

The Effects Of Using The {Aperture Shape Controller} Feature Of The {Photon Optimizer}
Algorithm In The Optimization Of Volumetric Modulated Arc Therapy Plans In
Radiotherapy

Basak GOKSEL', Dogukan AKCAY?, Oguzhan AYRANCIOGLU?, Hakan EPIK*, Barbaros AYDIN?,
Zafer KARAGULER?®, Ayse Nur DEMIRAL?

'istanbul Gelisim Universitesi, Saglik Hizmetleri Meslek Yiiksekokulu, Tibbi Hizmetler ve Teknikler
Bolimii, Istanbul

’Dokuz Eyliil Universitesi Tip Fakiiltesi, Dahili T1ip Bilimleri Anabilim Dali-Radyasyon Onkolojisi
Anabilim Dal1, {zmir

3{zmir Tmaztepe Universitesi Saglik Hizmetleri Meslek Yiiksekokulu, Tibbi Hizmetler ve Teknikler
Boliimii, Izmir

“Dokuz Eyliil Universitesi, Fen Fakiiltesi, Fizik Boliimii, Izmir

SDokuz Eyliil Universitesi Saglik Hizmetleri Meslek Yiiksekokulu, Tibbi Hizmetler ve Teknikler Béliimii,
[zmir

Ozet: Amag: Aperture Shape Controller (ASC) 6zelliginin tedavi uygulama verimliligi (TDE), tedavi plan
kalitesi (TPQ) ve hesaplanan ve uygulanan doz dagilimi arasindaki uyum (kalite giivencesi (QA)) iizerindeki
etkisini arastirmay1 amacladik. Metod: Calisma grubu, Voliimetrik Modiile edilmis Ark Tedavisi (VMAT)
teknigi kullanilarak bas-boyun (H&N), akciger ve prostat radyoterapisi (RT) alan 36 hastadan olusmaktadir.
Bu tedavi planlari, Photon Optimizer (PO) algoritmasi i¢inde ASC'nin giiciinii art arda degistirerek yeniden
optimize edilmistir. Her bir ASC giicii i¢in, tedavi planlarinin ilgili parametreleri, TDE'nin degerlendirilmesi
icin Ortalama Aciklik Aralig1 (AA) ve Modiilasyon Karmasiklik Skoru' nu (MCS) hesaplamak iizere kurum
ici bir MATLAB programi kullanilarak DICOM dosyalarindan ¢ikarilmistir. Ek olarak, her bir ASC giiciine
karsilik gelen TPQ'yu degerlendirmek i¢in ¢esitli risk altindaki organ (OAR) doz-hacim histogrami (DVH)
parametreleri kaydedilmistir. Dahasi, farklt ASC giicleri agisindan her tedavi plami i¢in QA prosediirii
gerceklestirilmistir. Ikili karsilastirmalar arasinda Wilcoxon Signed-Rank testi kullanilmistir. Bulgular: TDE:
H&N ve akciger hastalarinda, farkli ASC giicleri arasinda yalnizca MSC'de anlamli farkliliklar bulundu.
Ancak prostat hastalarinda, farklit ASC giicleri arasinda AA, MCS ve toplam monitor unit (MU) iizerinde
anlamh etkiler gozlendi. TPQ: H&N ve prostat hastalarinda, en homojen doz dagilimi ASC kapaliyken
gozlendi. Farkli ASC giigleri arasinda bazi OAR DVH parametreleri agisindan anlamli farkliliklar bulundu.
QA: ASC giiclinde artisla birlikte QA sonuglarinda anlamli bir iyilesme gozlendi. Sonug: ASC giicii,
radyoterapide (RT) kullanilan VMAT tedavi planlarinin optimizasyonunda kayda deger bir iyilesme
saglamaktadir. TDE ve QA agisindan, tiim vakalar i¢cin ASC giicii "¢ok yiiksek" olarak ayarlandiginda daha
avantajli sonuclar gostermektedir. Ancak, TPQ {izerinde herhangi bir etki gdzlenmemistir.
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Sekil 1

H&N, akciger ve prostat hastalari i¢in degisen ASC giiclerine dayali farkli MLC diyafram karakterizasyonu.
H, L ve P sirastyla H&N, akciger ve prostat hastalarini temsil ederken, 1, 2 ve 3 sirasiyla Kapali, Orta ve
Cok Yiiksek olan degisen ASC giiglerine karsilik gelir.

Sekil 2
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H&N, akciger ve prostat hastalarinda ¢esitli ASC gii¢ seviyelerine bagh olarak MSC, AA, toplam MU ve
QA parametrelerinin karsilastirilmasi. ASC, diyafram sekli kontroldrii; MCS, modiilasyon karmasiklik
skoru; AA, ortalama agiklik araligi; MU, monitor iinitesi; QA, kalite giivencesi.

Tablo 1
- MCS AA Total MU
Ikili
Hasta Grubu Karsilastirma
a3 p-degeri p-degeri p-degeri
ASC Kapal1 vs.
ASC Orta 0.208 0.05 0.638
ASC Kapal1 vs.
ASC Cok 0.003* 0.075 0.814
Bag-Boyun — \yri ek
ASC Orta vs.
ASC Cok 0.041 0.888 0.384
Yiiksek
ASC Kapal1 vs. %
ASC Orta 0.003 0.061 0.071
ASC Kapal1 vs.
. ASC Cok 0.002* 0.018 0.019
Akeiger Yiiksek
ASC Orta vs.
ASC Cok 0.033 0.153 0.157
Yiiksek
ASC Kapal1 vs. %
ASC Orta 0.003 0.35 0.041
ASC Kapal1 vs.
Prostat ASC Cok 0.002* 0.003* 0.003*
Yiiksek
ASC Orta vs.
ASC Cok 0.002* 0.003* 0.002*
Yiiksek

B&B, akciger ve prostat hastalarinda ¢esitli ASC gii¢lerine gére TDE parametrelerinin karsilastirilmast.
ASC, MCS, modiilasyon karmasiklik skoru; AA, ortalama agiklik arali§i; MU, monitor iinitesi; (*),
istatistiksel olarak anlamli deger (p<0,017).

Anahtar Kelimeler: radyoterapi, VMAT, {photon optimizer} algoritmasi, {aperture shape controller}
ozelligi
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Abstract No: 8563
Publish No: EP006
Abstract Group: Radiotherapy / Treatment Planning in Radiotherapy

Radyoterapide Volumetrik Modiile Edilmis Ark Tedavi Planlarinin Optimizasyonunda
{Photon Optimizer} Algoritmasimin {Aperture Shape Controller} Ozelliginin
Kullanilmasinin Etkileri

Basak GOKSEL', Dogukan AKCAY?, Oguzhan AYRANCIOGLU?, Hakan EPIK*, Barbaros AYDIN?,
Zafer KARAGULER?®, Ayse Nur DEMIRAL?

"Department of Medical Services and Techniques, Vocational School of Health Sciences, Istanbul Gelisim
University, Istanbul

*Department of Internal Medical Sciences-Radiation Oncology, Faculty of Medicine, Dokuz Eylul
University, Izmir

3Department of Medical Services and Techniques, Vocational School of Health Sciences, Izmir Tinaztepe
University, Izmir

“Department of Physics, Faculty of Science, Dokuz Eylul University, Izmir

SDepartment of Medical Services and Techniques, Vocational School of Health Sciences, Dokuz Eylul
University, [zmir

Abstract: Purpose: We aimed to investigate the impact of the Aperture Shape Controller(ASC) feature over
the treatment delivery efficiency (TDE), treatment plan quality (TPQ), and the agreement between the
calculated and the delivered dose distribution (quality assurance (QA)). Methods: The study group comprises
36 patients who received definitive head and neck (H&N), lung and prostate radiotherapy (RT) using
Volumetric Modulated Arc Therapy (VMAT) technique. These treatment plans were re-optimized changing
the strength of the ASC within the Photon Optimization PO algorithm consecutively. For each ASC strength,
relevant parameters of the treatment plans were extracted from DICOM files using an in- house MATLAB
script to calculate the Average Open Aperture (AA) and Modulation Complexity Score (MCS) for the
evaluation of the TDE. Additionally, several organ-at-risk (OAR) dose-volume histogram (DVH) parameters
were recorded to assess the TPQ corresponding to each ASC strength. Moreover, QA procedure was
performed for each treatment plan with respect to the different ASC strengths. Wilcoxon Signed-Rank was
used for pair-wise comparisons. Results: TDE: In H&N and lung patients, significant differences were found
only in MSC among different ASC strengths. However, in prostate patients, significant impacts were observed
on the AA, MCS and total monitor units (MU) between different ASC strengths. TPQ: In H&N and prostate
patients, the most homogeneous dose distribution was observed when ASC was turned off. Significant
differences were found between different ASC strengths in terms of some OAR DVH parameters. QA: A
significant improvement was observed in QA results with an increase in ASC strength. Conclusion: ASC
strength offers a noteworthy improvement in the optimization of the VMAT treatment plans used in radiation
therapy (RT). In terms of TDE and QA, it demonstrates more advantageous results when ASC strength is set
to “very high” for all cases. However, no impact was observed on TPQ.
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figure 1

Different MLC aperture characterization based on varying ASC strengths for H&N, lung and prostate
patients. H, L and P represents H&N, lung and prostate patients, respectively while 1, 2 and 3 corresponds to
varying ASC strengths of Off, Moderate and Very High, respectively.

figure 2
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The comparison of MSC, AA, total MU and QA parameters depending on various level of ASC strength for
H&N, lung and prostate patients. ASC, aperture shape controller; MCS, modulation complexity score; AA,
average open aperture; MU, monitor unit; QA, quality assurance.

Table 1

Total

MCS |AA MU

Pair-wise
Comparison|p- p-
values |values

Patients
p_
values

ASC Off
vs. ASC 0.208 10.05 0.638
Moderate

ASC Off
vs. ASC 0.003*10.075 [0.814
Very High
ASC
Moderate
vs. ASC
Very High
ASC Off
vs. ASC 0.003*0.061 10.071
Moderate

ASC Off
vs. ASC 0.002*0.018 ]0.019
Very High
ASC
Moderate
vs. ASC
Very High
ASC Off
vs. ASC 0.003*10.35 0.041
Moderate

ASC Off
vs. ASC 0.002*| 0.003* [ 0.003*
Very High
ASC
Moderate
vs. ASC
Very High

H&N

0.041 |0.888 ]0.384

Lung

0.033 (0.153 [0.157

Prostate

0.002%*) 0.003* | 0.002*

Keywords: radiotherapy, VMAT, photon optimizer algorithm, aperture shape controller
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Bildiri No: 2082
Yaymn No: EP007
Bildiri Grubu: Radyoterapi / Radyobiyoloji

Hipofraksiyone ve Konvansiyonel Meme Radyoterapisi Karsilastirmasi: Radyobiyolojik
Analiz

Avysegiil Unal Karabey', Giilsah Ozkan', Berna Tirpanci!, Umut Diremsizoglu', Gorkem Aksu'
"Kocaeli Universitesi Hastanesi Radyasyon Onkolojisi Anabilim Dali

Ozet: Giris: Meme kanseri radyoterapisi, timér kontrol olasiligini (TCP) en iist diizeye ¢ikarirken normal
doku komplikasyon olasiligin1 (NTCP) en aza indirerek doz uygulamasini optimize etmeyi amaglamaktadir.
Hipofraksiyonlu radyoterapi, konvansiyonel fraksiyonlamaya kiyasla karsilastirilabilir veya daha iistiin
sonuclarla daha kisa tedavi siireleri sunmaktadir. Yontem: Hasta Se¢imi: 2009 ve 2021 yillar1 arasinda tedavi
edilen 50 meme koruyucu cerrahi hastasinin retrospektif analizi. Tedavi Planlamasi: Konvansiyonel: 2 Gy/giin
(25 fraksiyon); Hipofraksiyonlu: 2,64 Gy/giin (17 fraksiyon). Analiz: TCP ve NTCP degerleri, MATLAB'de
radyobiyolojik modeller kullanilarak hesaplanmistir.Bulgular:- TCP: Hipofraksiyonlu tedavi ile daha yiiksek
degerler gézlenmistir (p=0,000).- NTCP: Hipofraksiyonlu tedavi ile daha diisiik akciger toksisitesi (p<0,05).-
Tedavi Siiresi: Hipofraksiyon, toplam tedavi siiresini %32 oraninda azaltmistir.Sonug¢: Hipofraksiyone
radyoterapi, meme kanseri tedavisinde 6nemli avantajlar gdstermekte olup, tedavi siirelerini kisaltirken
TCP'de iyilesme ve NTCP degerlerinde diisiis saglamaktadir. Radyobiyolojik modelleme, tedavi planlarini
degerlendirmek ve optimize etmek i¢in degerli bir arag gérevi gormektedir.

Hipofraksiyone ve Konvansiyonel Bolgeler ve Doz Dagilimi

Anahtar Kelimeler: Hipofraksiyone Radyoterapi, Konvansiyonel Radyoterapi, TCP, NTCP,
Radyobiyolojik Modelleme
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Abstract No: 2082
Publish No: EP007
Abstract Group: Radiotherapy / Radiobiology

Comparison of Hypofractionated and Conventional Breast Radiotherapy: Radiobiological
Analysis

Avysegiil Unal Karabey', Giilsah Ozkan', Berna Tirpanci!, Umut Diremsizoglu', Gorkem Aksu'
'Kocaeli University Hospital Department of Radiation Oncology

Abstract: Introduction: Breast cancer radiotherapy aims to optimize dose delivery by maximizing tumor
control probability (TCP) while minimizing normal tissue complication probability (NTCP).
Hypofractionated radiotherapy offers shorter treatment durations with comparable or superior outcomes
compared to conventional fractionation. Methods Patient Selection: Retrospective analysis of 50 breast-
conserving surgery patients treated between 2009 and 2021. Treatment Planning: Conventional: 2 Gy/day (25
fractions); Hypofractionated: 2.64 Gy/day (17 fractions). Analysis: TCP and NTCP values calculated using
radiobiological models in MATLAB.Results - TCP: Higher values observed with hypofractionated treatment
(p=0.000). - NTCP: Lower lung toxicity with hypofractionation (p<0.05).- Treatment Duration:
Hypofractionation reduced total duration by 32%. Conclusion: Hypofractionated radiotherapy demonstrates
significant advantages in breast cancer treatment, offering improved TCP and reduced NTCP values while
shortening treatment durations. Radiobiological modeling serves as a valuable tool for evaluating and
optimizing treatment plans.

Dose Distribution For Hypofraction and Conventional Fractionation

Keywords: Hypofractionated Radiotherapy, Conventional Radiotherapy, TCP, NTCP, Radiobiological
Modeling
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Bildiri No: 6619
Yayin No: EP008
Bildiri Grubu: Radyoterapi / Radyoterapide Tedavi Planlama

Hipokampus Koruyucu Tiim Beyin Radyoterapisinde Koplanar ve Non-Koplanar VMAT
Planlarinin Hedef Doz Sarimi ve Kritik Organ Dozlarinin Karsilastirilmasi

Murat Baloglu', Celal Ozbek Cakir?, Burcu Gergek Kalyoncu®, Volkan Avei!, Ozcan Ozden'!, Mustafa
Caglar*, Omer Yazic1*, Burak Baslangig*, Fuzuli Tugrul®

"Eskisehir Sehir Hastanesi
2Afyon Park Hayat Hastanesi
3Eskisehir Acibadem Hastanesi
“Istanbul Medipol Universitesi

Ozet: Hipokampus koruyucu tiim beyin radyoterapisinde (WBRT), koplanar ve non-koplanar VMAT
voliimetrik ark tedavisi (VMAT) planlariin hedef hacim kapsamasi ve kritik organ doz dagilimlan
karsilagtirilmistir. Calismada 18 hastanin verileri kullanilmis, planlamalar Monaco tedavi planlama sistemi
(TPS) tlizerinde VMAT teknigi ile yapilmis ve RTOG 0933 protokol kriterleri temel alinmistir. Amag, tiim
beyin 1sinlamasinda hipokampusun korunarak radyoterapinin bilissel yan etkilerinin azaltilmasidir. Elde
edilen bulgular, hem koplanar hem de non-koplanar VMAT planlarinin hedef hacmi yeterli 6l¢iide kapsadigin
ve RTOG 0933 kriterlerini karsiladigim1 gostermistir. PTV %95 ve PTV-Hipokampus D%95 degerleri
arasinda anlamli fark bulunmamuis, yani her iki teknik de tedavi etkinligi acisindan benzer sonuglar vermistir.
Bununla birlikte, non-koplanar planlarda PTV D%?2 degerinin anlamli derecede diisiik olmasi, hedef hacimde
yiiksek doz bdlgelerinin daha iyi kontrol edildigini ve doz homojenitesinin daha dengeli saglandigim
gostermektedir. Kritik organ dozlarinin karsilastirilmasinda, non-koplanar planlar 6zellikle hipokampus i¢in
daha diisiik doz degerleri elde ederek norobiligsel fonksiyonlarin korunmasi acisindan 6nemli bir avantaj
saglamistir. Buna karsilik, koplanar planlar lensler iizerinde daha diisiik maksimum dozlarla istiinliik
gostermistir. Beyin sapi i¢in elde edilen doz degerlerinde ise iki teknik arasinda anlamli fark gézlenmemistir.
Bu sonuglar, her iki teknigin farkli organlarda belirli avantajlar sundugunu ortaya koymaktadir.Non-koplanar
VMAT planlarinin dozimetrik agidan bazi istiinliikleri olmasina ragmen, klinik uygulamada birtakim
dezavantajlar1 vardir. Ozellikle tedavi siiresinin uzamasi, hasta pozisyonlamada zorluklar, carpigma riski ve
hareket yonetimi gibi pratik sorunlar g6z 6niinde bulundurulmalidir. Koplanar planlar ise daha kisa siirede,
daha basit ve giivenli uygulanabilmesiyle klinik a¢idan avantajlidir.Sonug olarak, hipokampus koruyucu tiim
beyin radyoterapisinde hem koplanar hem de non-koplanar VMAT teknikleri kullanilabilir ve her ikisi de
etkin sonuclar sunar. Non-koplanar planlar hipokampus korunmasinda belirgin avantaj saglarken, koplanar
planlar pratik uygulanabilirlik ve lens korunmasi acgisindan 6ne ¢ikar. Hangi teknigin tercih edilecegi, hastanin
anatomisi, korunmasi gereken organlarin dncelikleri ve klinik kosullar dogrultusunda belirlenmelidir.
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Koplanar (A) ve NonKoplanar (B) tedavi planlar

Istatistiksel Sonuglar

Nonkoplanar

Koplanar Planlar Planlar

PTV D%95 p=0,06
PTV-Hipocampus
D%95

PTV D%2 p=0,012

Sol Hipocampus
Dort

Beyin Sap1 Dort  [p=0,737
Beyin Sapt Dmaks [p=0,129
Sag Hipokampus
Dort

Sag Hipokampus
Dmaks

Sol Hipokampus
Dmaks

Sag Lens Dmaks p=0,01
Sol Lens Dmaks p=0,0001

p=0,302

p=0,325

p=0,011

p=0,0001

p=0,0001

Anahtar Kelimeler: Hipokampus, Koplanar, NonKoplanar, Tiim Beyin, VMAT
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Abstract No: 6619
Publish No: EP008
Abstract Group: Radiotherapy / Treatment Planning in Radiotherapy

Comparison of Target Dose Coverage and Critical Organ Doses of Coplanar and Non-
Coplanar VMAT Plans in Hippocampus Sparing Whole Brain Radiotherapy

Murat Baloglu', Celal Ozbek Cakir?, Burcu Gergek Kalyoncu®, Volkan Avei!, Ozcan Ozden'!, Mustafa
Caglar*, Omer Yazic1*, Burak Baslangig*, Fuzuli Tugrul®

'Eskisehir City Hospital
2Afyon Park Life Hospital
3Eskisehir Acibadem Hospital
“Istanbul Medipol University

Abstract: Target volume coverage and critical organ dose distributions of coplanar and non-coplanar VMAT
volumetric arc treatment (VMAT) plans were compared in hippocampus-sparing whole-brain radiotherapy
(WBRT). Data from 18 patients were used in the study. Planning was performed using the VMAT technique
on the Monaco treatment planning system (TPS) and was based on RTOG 0933 protocol criteria. The aim
was to reduce the cognitive side effects of radiotherapy by preserving the hippocampus during whole-brain
irradiation. The findings demonstrated that both coplanar and non-coplanar VMAT plans adequately covered
the target volume and met RTOG 0933 criteria. No significant difference was found between the PTV 95%
and PTV Hippocampus D95% values, indicating that both techniques yielded similar results in terms of
treatment efficacy. However, the significantly lower PTV D2% value in non-coplanar plans suggests better
control of high-dose regions within the target volume and more balanced dose homogeneity. In a comparison
of critical organ doses, non-coplanar plans provided a significant advantage in preserving neurocognitive
functions by achieving lower doses, particularly for the hippocampus. In contrast, coplanar plans demonstrated
superiority over lenses with lower maximum doses. No significant difference was observed between the two
techniques in the dose values obtained for the brainstem. These results demonstrate that both techniques offer
specific advantages in different organs. While non-coplanar VMAT plans offer some dosimetric advantages,
they also have some disadvantages in clinical practice. Practical issues such as prolonged treatment time,
difficulties with patient positioning, risk of collision, and movement management should be considered.
Coplanar plans, on the other hand, offer clinical advantages due to their shorter, simpler, and safer application.
In conclusion, both coplanar and non-coplanar VMAT techniques can be used in hippocampus-sparing whole-
brain radiotherapy, and both offer effective results. While non-coplanar plans offer significant advantages in
preserving the hippocampus, coplanar plans stand out in terms of practical applicability and lens preservation.
The technique to be preferred should be determined based on the patient's anatomy, the priorities of the organs
to be protected, and clinical conditions.
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Coplanar (A) and NonCoplanar (B) treatment plans

Statistical Results

Coplanar Plans Noncoplanar Plans

PTV D%95 p=0,06
PTV-Hippocampus
D%95

PTV D%?2 p=0,012
Left Hippocampus
Dort

Brainstem Dort p=0,737
Brainstem Dmax  [p=0,129
Right
Hippocampus Dort
Right
Hippocampus p=0,0001
Dmax

p=0,302

p=0,325

p=0,011

Left Hippocampus
Dmax

Right Lens Dmax p=0,01
Left Lens Dmax p=0,0001

p=0,0001

Keywords: Coplanar, NonCoplanar, Hippocampus, VMAT, Whole Brain
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Bildiri No: 9602
Yayimn No: EP009
Bildiri Grubu: Radyoterapi / Radyoterapide Dozimetri

Cone-Beam CT (CBCT) Gériintiileme Dozunun Fantom Uzerinde Degerlendirilmesi ve
Dozimetrik Etkisi

Ebru Cananoglu', N. Deniz Arslan!, Mert Cananoglu?, Mecit Canbolat?

'1.A.U. VM Medical Park Florya Hastanesi
2Oncotech Medikal Sistemler

Ozet: Amag: Goriintii Kilavuzlu Radyoterapi (IGRT) uygulamalari, hastanin dogru pozisyonlanmasini
saglamak i¢in tedavi oncesi Cone-Beam CT (CBCT) gorintiilemesini kullanir. Bu goriintiilemenin hasta
iizerindeki doz etkisini anlamak ve bu ek dozun dozimetrik 6nemini degerlendirmek bu c¢aligmanin ana
amacidir.Yontem: Calismada, Elekta Versa HD'nin farkli CBCT protokolleri (pelvis, bag-boyun, gdgiis)
kullanilarak bir kat1 su fantomu i¢inde Standard Imaging Farmer tipi iyon odasi ile nokta doz 6l¢timleri yapildi.
Her bir protokole dzgii doz profilleri, fantom i¢inde farkli konumlarda (merkez ve perifer) 6l¢iildii. Olgiilen
doz degerleri, her bir bdlge i¢in klinik olarak uygulanan tedavi fraksiyonu dozlar1 ile karsilastirilarak,
IGRT'nin toplam tedavi dozuna olan katkis1 degerlendirildi. RayPlan tedavi planlama sisteminde, bu ek CBCT
dozunun, toplam tedavi planina nasil dahil edilebilecegi konusunda bir modelleme ¢alismasi yapildi.Bulgular:
Farkli CBCT protokollerinde fantom merkezindeki doz degerleri 1-3 cGy arasinda degisirken, periferdeki
dozlar daha diisiiktii. Bu ek doz, giinliik fraksiyon dozunun (6rnegin 200 cGy) %]1'inden daha az bir katki
saglamaktadir. Bu durum, IGRT'nin dozimetrik olarak kabul edilebilir bir ek yik getirdigini
gostermektedir.Sonug: CBCT goriintiilemenin, hasta {izerindeki toplam tedavi dozuna olan katkis1 minimal
diizeydedir ve klinik olarak tolere edilebilir sinirlar i¢indedir. Bu bulgular, IGRT'nin giivenli bir sekilde klinik
uygulamalarda kullanilabilecegini dogrulamaktadir.

Anahtar Kelimeler: Dozimetri, IGRT
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Abstract No: 9602
Publish No: EP009
Abstract Group: Radiotherapy / Dosimetry in Radiotherapy

Evaluation of Cone-Beam CT (CBCT) Imaging Dose on a Phantom and its Dosimetric
Impact

Ebru Cananoglu', N. Deniz Arslan!, Mert Cananoglu?, Mecit Canbolat?

'1.A.U. VM Medical Park Florya Hospital
Oncotech Medical Systems

Abstract: Evaluation of Cone-Beam CT (CBCT) Imaging Dose on a Phantom and its Dosimetric
ImpactObjective: Image-Guided Radiation Therapy (IGRT) relies on pre-treatment Cone-Beam CT (CBCT)
imaging to ensure accurate patient positioning. The main objective of this study is to understand the dose
delivered to the patient from this imaging and to evaluate the dosimetric significance of this additional
dose.Method: In this study, point dose measurements were performed using a Standard Imaging Farmer-type
ionization chamber within a solid water phantom. We used the Elekta Versa HD's various CBCT protocols
(pelvis, head-and-neck, chest). Dose profiles specific to each protocol were measured at different locations
within the phantom (center and periphery). The measured dose values were compared with the typical clinical
treatment fraction doses for each region to assess the contribution of IGRT to the total treatment dose. A
modeling study was also conducted in the RayPlan treatment planning system to explore how this additional
CBCT dose could be integrated into the total treatment plan.Findings: The dose values at the center of the
phantom ranged from 1 to 3 c¢Gy across the different CBCT protocols, with lower doses recorded at the
periphery. This additional dose contributed less than 1% to the daily fraction dose (e.g., 200 cGy), indicating
that IGRT introduces a dosimetrically acceptable additional burden.Conclusion: The contribution of CBCT
imaging to the patient's total treatment dose is minimal and remains within clinically tolerable limits. These
findings confirm that IGRT can be safely used in clinical applications.

Keywords: Dosimetry, IGRT
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Sol Meme Kanserinde 220° Ark ve Bow-Tie VMAT Tekniklerinin Dozimetrik
Karsilastirmasi

Ersan Yilmaz', Ebru Cananoglu®, N. Deniz Arslan?, Mert Cananoglu', Mecit Canbolat'

1.Oncgtech Medikal Sistemler
’I.A.U. VM Medical Park Florya Hastanesi

Ozet: Amagc:Sol meme kanseri radyoterapisinde hedef hacmin yeterli sekilde 1sinlanmasi ve kalp-akciger gibi kritik
organlarin korunmasi énemlidir. Bu ¢alismada, 220° Arc ve bow-tie VMAT tekniklerinin dozimetrik sonuglari
karsilastirilarak klinik uygunluklart arastirilmistir.Yontem:Erken evre sol meme kanseri tanis1 alan 10 hastanin
planlama BT goriintiileri RayPlan sistemine aktarilmistir. Her hasta i¢in ayn1 hedef hacim tanimi korunarak 220°
Arc VMAT ve bow-tie VMAT planlar optimize edilmistir. Planlar Elekta Versa HD cihazina uygun sekilde
hazirlanmas, kritik organ dozlar (kalp, sol 6n inen arter [LAD], akciger, karsi meme) ile hedef hacim parametreleri
(PTV D95, homojenite ve konformite indeksleri) karsilastirilmistir. Doz dagilimlari istatistiksel analizle
degerlendirilmistir.Bulgular:Her iki teknik de PTV’yi yeterli doz ile kapsadi (PTV D95 bow-tie: %95.8 + 1.1; 220°
Arc: %96.2 £0.9, p>0.05). Ancak bow-tie planlarda kalp ve LAD dozlar1 anlamli olarak daha diisiik bulundu (Kalp
Dmean bow-tie: 3.4 = 0.6 Gy; 220° Arc: 4.9 £ 0.8 Gy, p<0.01). Sol akciger V20 degeri bow-tie tekniginde %17.6
iken 220° Arc'da %21.2 olarak ol¢iildii (p=0.03). Karst meme dozu ise 220° Arc'da belirgin sekilde yiiksek seyretti
(09 £ 03 Gy vs. 0.5 £ 0.2 Gy, p=0.02). Homojenite ve konformite indeksleri arasinda anlamli fark
gozlenmedi.Sonuc:Bow-tie VMAT, 6zellikle kalp ve sol akciger dozu agisindan daha avantajli olup, karsi meme
dozunu da azaltmaktadir. 220° Arc VMAT hedef hacim kapsamasinda benzer basar1 saglasa da kritik organ
dozlarinin artmasi klinik agidan dezavantaj olusturmaktadir. Elde edilen sonuglar, literatiirde bildirilen benzer
calismalarla uyumludur ve sol meme radyoterapisinde bow-tie VMAT 1n tercih edilebilir bir teknik oldugunu
gostermektedir.

220° Ark ve Bow-Tie VMAT Tekniklerinin Dozimetrik Karsilastirmasi (n=10, Versa HD)

Bow-Tie (Ort +| 220° Ark (Ort _deseri
SS) +SS) p-deg

PTV D95 (%) 958+ 1.1 96.2+0.9 0.41
PTV Homojenite | 151002 | 0.11+0.02 0.36

Indeksi

Konformite
PTV . . 1.18+0.05 1.19 +£0.06 0.44

Indeksi
Kalp Dmean (Gy) 34+£0.6 49+0.8 <0.01
LAD Dmax (Gy) 18.6 3.1 23.2+3.6 <0.01
Sol Akciger  |V20 (%) 17.6 £2.3 21.2+2.8 0.03
Karsit Meme  |Dmean (Gy) 0.5+£0.2 0.9+0.3 0.02

Anahtar Kelimeler: Meme Kanseri, Tedavi Planlama
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Dosimetric Comparison of 220° Arc and Bow-Tie VMAT Techniques in Left Breast Cancer
Ersan Yilmaz', Ebru Cananoglu?, N. Deniz Arslan?, Mert Cananoglu', Mecit Canbolat!

'Oncotech Medical Systems
’[.A.U. VM Medical Park Florya Hospital

Abstract: Dosimetric Comparison of 220° Arc and Bow-Tie VMAT Techniques in Left Breast CancerObjective:In left-
sided breast cancer radiotherapy, adequate target coverage must be balanced with the sparing of critical organs such as
the heart and ipsilateral lung. This study aimed to compare 220° Arc and bow-tie VMAT techniques in terms of target
coverage, organ-at-risk (OAR) doses, and overall dosimetric quality.Methods:Planning CT images of 10 early-stage left
breast cancer patients were retrospectively analyzed. For each patient, 220° Arc and bow-tie VMAT plans were
generated in RayPlan with identical target definitions. All plans were optimized for delivery on the Elekta Versa HD
linear accelerator. Dosimetric parameters included PTV coverage (D95, homogeneity index, conformity index) and
OAR metrics (mean heart dose, LAD maximum dose, ipsilateral lung V20, contralateral breast mean dose). Statistical
comparisons were performed between the two techniques.Results:Both techniques achieved adequate PTV coverage
(PTV D95: bow-tie 95.8 + 1.1%; 220° Arc 96.2 + 0.9%, p>0.05). However, bow-tie VMAT significantly reduced heart
and LAD exposure (mean heart dose: bow-tie 3.4 + 0.6 Gy vs. 220° Arc 4.9 + 0.8 Gy, p<0.01). Ipsilateral lung V20 was
also lower with bow-tie (17.6% vs. 21.2%, p=0.03). The contralateral breast received higher dose with 220° Arc (0.9 +
0.3 Gy vs. 0.5 £ 0.2 Gy, p=0.02). Homogeneity and conformity indices showed no significant differences between the
two approaches.Conclusion:Bow-tie VMAT offers clear advantages in reducing cardiac and pulmonary doses while
maintaining comparable target coverage. 220° Arc VMAT, although efficient in PTV coverage, results in higher
exposure of critical organs, particularly the contralateral breast. These findings are consistent with published literature
and support bow-tie VMAT as a clinically preferable technique for left-sided breast cancer radiotherapy.

Dosimetric Comparison of 220° Arc and Bow-Tie VMAT Techniques (n=10, Versa HD)

Bow-Tie |220°
(Mean+  [Arc (Mean |p-value
SS) + SS)
PTV D95 (%) 95.8+1.1 [96.2+0.9 [0.41
PTV Homogeneityly 15 1 .02 0.11 + 0.02 [0.36
Index
Conformity
PTV 1.18 £ 0.05 |1.19+£ 0.06 |0.44
Index
Heart Dmean (Gy) 3.4+£0.6 [4.9+0.8 [<0.01
LAD Dmax (Gy) |[18.6+3.1 [23.2+3.6 [<0.01
Ipsilateral \756 00y 176223 [1.2+2.8 [0.03
Lung
Contralateral
Breast Dmean (Gy) [0.5+0.2 0.9+0.3 [0.02

Keywords: Breast Cancer, Treatment Planning
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Yaymn No: EPO11
Bildiri Grubu: Radyoterapi / Radyoterapide Preklinik Caligmalar

MCF-7 Hiicreleri Uzerindeki Radyasyon Etkileri: Farkl1 Isinlama Diizeneklerinin
Karsilastirilmasi

Avysegiil Unal Karabey!, Umut Diremsizoglu!, Onur Ar1!, Giilsah Ozkan!, Berna Tirpanci!, Binnaz Sarper’
"Kocaeli Universitesi Hastanesi Radyasyon Onkolojisi AD

Ozet: Giris: Bu ¢alisma, farkli 1sinlama diizeneklerinin MCF-7 meme kanseri hiicrelerini nasil etkiledigini
aragtirmaktadir. Yontemler: MCF-7 hiicreleri kuyucuklu plakalarda kiiltiire alinmis ve farkli ¢cevre ortamlari
(wax ve hava) igeren iki ayr1 diizenekte 1sinlanmistir. Bu diizenekler, standart bir 1sinlama ortami saglamak
tizere 5 cm kalinligindaki RW3 kat1 fantomlar arasina yerlestirilmistir. « Grup 1: Kuyucuklu plakanin etrafinda
wax bolusu yok (hava ile ¢evrelenmis) (Sekil 1-1). * Grup 2: Kuyucuklu plakanin etrafinda wax bolusu (Sekil
1-2). Her iki grup i¢in de Siemens High Definition AS BT tarayicis1 kullanilarak bilgisayarli tomografi (BT)
taramalar1 yapilmistir. Prowess Panther V5.02 tedavi planlama sistemi (TPS), iki grup i¢in iki ayr1 tedavi plani
olusturmak ve uygun doz dagilimini saglamak i¢in kullanilmistir. Her iki hiicre grubu da Siemens Oncor lineer
hizlandirici cihaz ile 1sinlanmistir. Verilen radyasyon dozunun dozimetrik dogrulugunu saptamak icin PTW
0,6 cc iyon odast ile dlgiim alind1. Sonuglar: wax ile gevrili diizenek sunlar1 gosterdi: » Olgiilen doz 190 cGy
(TPS tarafindan tahmin edilen doz: 186,7 cGy; fark: %1,76). Hiicre Sagkalimi: Hiicre sayimlarinda anlaml
bir fark yok. (P>0,05). Havayla cevrili diizenek sunlar1 gdsterdi: » Olgiilen doz 192,5 cGy (TPS tarafindan
tahmin edilen doz: 187,4 cGy; fark: %2,72). Hiicre Sagkalimi: Hiicre sayimlarinda anlamli bir fark yok
(P>0,05). Tartigma ve Sonug: Bu calisma, hem wax bolus ile ¢evrili hem de havayla ¢evrili konfigiirasyonlar
icin 1sinlama diizeneklerinin dozimetrik dogrulugunu dogruladi. Gruplar arasinda hiicre sayilarinda
istatistiksel olarak anlamli bir fark gézlenmedi (p > 0,05). Ancak, havayla g¢evrili ortamda trend hiicre
Olimiinde artis yoniinde gozlendi; bu durum, s6z konusu konfigiirasyondaki doz inhomojenitesine
baglanabilir. Bu gozlem, doz dagilimindaki degisikliklerin, hiicre sag kaliminda istatistiksel olarak anlamli
bir fark yaratmasa bile, hiicresel tepkileri etkileyebilecegini diisiindiirmektedir. Gelecekteki ¢aligsmalarda,
daha kesin sonugclar elde etmek i¢in 1s1nlanmis hiicre sayisinin artirilmasi 6nerilmektedir.

Wax Bolus ve Hava ile Cevrili Deney Diizenekleri

Sekil 1-1: Grup 1: Kuyu plakasinin etrafinda wax bolusu yok (¢evreleyen hava). Sekil 1-2: Grup 2: Kuyu
plakasinin etrafinda wax bolusu.

Anahtar Kelimeler: hiicre kiiltiirii, MCF-7, hiicre 1s1nlama
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Abstract Group: Radiotherapy / Preclinical Studies in Radiotherapy

Radiation Effects on MCF-7 Cells: Comparison of Different Irradiation Setups

Avysegiil Unal Karabey!, Umut Diremsizoglu!, Onur Ar1!, Giilsah Ozkan!, Berna Tirpanci!, Binnaz Sarper’

'Kocaeli University Hospital Department of Radiation Oncology

Abstract: Introduction: This study explores how different irradiation setups impact MCF-7 breast cancer cells.
Methods:MCF-7 cells were cultured in well plates and irradiated in two distinct setups with different
surrounding media (wax and air). These setups were positioned between 5 cm thick RW3 solid phantoms,
providing a standardized irradiation environment.*Group 1: No wax bolus around the well plate (air
surrounding) (Figure 1-1).Group 2: Wax bolus surrounding the wellplate (Figure 1-2).Computerized
tomography (CT) scans were taken for both groups using the Siemens High Definition AS CT scanner.The
Prowess Panther V5.02 treatment planning system (TPS) was used to create two separate treatment plans for
the two groups, ensuring proper dose distribution. Both groups of cells were irradiated with a Siemens Oncor
linear accelerator. A PTW 0.6 cc ion chamber was used for dosimetric verification to ensure accuracy in the
delivered radiation dose.ResultsThe wax-surrounded setup demonstrated:* A measured dose of 190 cGy (TPS
predicted dose: 186.7 cGy; difference: 1.76%). Cell Survival: No significant in cell counts. (P>0.05). The air-
surrounded setup exhibited:* A measured dose of 192.5 cGy (TPS predicted dose: 187.4 cGy; difference:
2.72%). Cell Survival: No significant difference in cell counts (P>0.05). Discussion and ConclusionThis study
confirmed the dosimetric accuracy of the irradiation setups for both the wax-surrounded and air-surrounded
configurations. No statistically significant difference in cell counts was observed between the groups (p >
0.05).However, a trend towards increased cell death was noticed in the air-surrounded setup, which could be
attributed to the dose inhomogeneity in that configuration. This observation suggests that variations in the
dose distribution, even if they do not result in a statistically significant difference in cell survival, might stil
influence cellular responses.It is recommended that future studies increase the number of irradiated cells to
obtain more definitive results.

Wax Bolus and Air Surrounded setups

Figure 1-1: Group 1: No wax bolus around the well plate (surrounding air). Figure 1-2: Group 2: Wax bolus
around the well plate.

Keywords: cell culture, MCF-7, cell irradiation
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Brakiterapide Aplikator Rekonstriiksiyonu

Deniz Karpat', Betiil Kahraman', Nazan Dede Karakog', Giin Giinalp!, Nurten Colak', Makbule Eren!,
Ayfer Ay Eren!, Sule Karabulut Giil®

1Kar.‘gal Dr. Liitfi Kirdar Sehir Hastanesi, Radyasyon Onkolojisi, 1stanbpl, Tiirkiye
2SBU. Dr. Liitfi Kirdar Kartal Sehir Hastanesi, Radyasyon Onkolojisi, Istanbul, Tiirkiye, SUAM

Ozet: Amag: Brakiterapide en kritik adimlardan biri aplikatér rekonstriiksiyonudur. Radyoaktif kaynak
cevresindeki dik doz gradyani nedeniyle, kiiclik belirsizlikler hedef hacim ve riskli organlarda (mesane,
rektum, sigmoid) klinik a¢idan anlamli doz degisikliklerine yol acabilmektedir. Bu ¢alismanin amaci, silindir
aplikator kullanilan jinekolojik brakiterapi uygulamalarinda, rekonstriiksiyondaki 1 mm ve 2 mm anterior—
posterior (AP) ve lateral (LAT) kaymalarin doz-hacim histogram (DVH) parametrelerine etkisini
degerlendirmektir. Gereg ve Yontem: Klinigimizde yalnizca silindir aplikatorle brakiterapi uygulanan on hasta
caligmaya dahil edilmistir. Her hasta i¢in regete edilen doz 600 cGy X 5 fraksiyon olacak sekilde planlama
yapilmigtir. Referans planlardan hareketle aplikatdriin +1 mm ve £2 mm AP ve LAT yonlii sanal kaymalar
simiile edilmis, her hasta i¢in dokuz plan olusturulmustur. Tiim planlarda hedef hacim i¢in D90, riskli organlar
icin D2cc ve D1cc degerleri kaydedilmis ve baz planlarla karsilagtirilarak yiizdesel degisimler hesaplanmistir.
Planlama ve DVH analizleri Oncentra tedavi planlama sistemi kullanilarak yapilmistir. Bulgular: Tiim
hastalarda 1-2 mm’lik kaymalarin hem hedef hem de riskli organ dozlarim etkiledigi saptanmistir. Mesane ve
rektum dozlar ozellikle posterior kaymalarda belirgin artis gostermistir. Sigmoid dozlarinda hasta bazli
degiskenlik izlenmis, baz1 olgularda %10’a varan artislar kaydedilmistir. Hedef hacim D90 degerleri ise %1—
6 arasinda degismistir. Sonug: Silindir aplikatorle yapilan HDR brakiterapide kiiciik rekonstriiksiyon
kaymalarinin dahi klinik acidan anlamli etkiler yarattigi goriilmiistiir. Bu nedenle, milimetrik hassasiyetin
korunmasi, sistematik hatalarin 6nlenmesi igin titiz kalite kontrol, ince kesitli BT goriintiileme ve standart
prosediirlerin uygulanmasi biiyiik 6nem tasimaktadir.

Anahtar Kelimeler: Aplikator Rekonstriiksiyonu, Brakiterapi, Geometrik Belirsizlik
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Applicator Reconstruction in Brachytherapy

Deniz Karpat', Betiil Kahraman', Nazan Dede Karakog', Giin Giinalp!, Nurten Colak', Makbule Eren!,
Ayfer Ay Eren!, Sule Karabulut Giil®

Kartal Dr. Lutfi Kirdar City Hospital, Department of Radiation Oncology, Istanbul, Turkey
2University of Health Sciences, Kartal Dr. Lutfi Kirdar City Hospital, Department of Radiation Oncology,
Istanbul, Turkey

Abstract: Objective: Applicator reconstruction is one of the most critical steps in brachytherapy. Due to the
steep dose gradient around the radioactive source, small uncertainties can lead to clinically significant dose
changes in the target volume and organs at risk (bladder, rectum, sigmoid). The aim of this study was to
evaluate the effects of 1 mm and 2 mm anterior—posterior (AP) and lateral (LAT) shifts during reconstruction
on dose-volume histogram (DVH) parameters in gynecological brachytherapy applications using a cylinder
applicator. Materials and Methods: Ten patients who received brachytherapy with a cylinder applicator alone
in our clinic were included in the study. The prescribed dose for each patient was planned to be 600 cGy X 5
fractions. Virtual applicator shifts of 1 mm and +£2 mm in the AP and LAT directions were simulated using
reference plans, and nine plans were created for each patient. D90 values for the target volume, D2cc and
Dlcc for organs at risk, were recorded for all plans, and percentage changes were calculated by comparing
them with the baseline plans. Planning and DVH analyses were performed using the Oncentra treatment
planning system. Results: In all patients, 1-2 mm shifts were found to affect both target and organ-at-risk
doses. Bladder and rectum doses increased significantly, particularly with posterior shifts. Patient-specific
variability was observed in sigmoid doses, with increases of up to 10% recorded in some cases. Target volume
D90 values ranged from 1-6%. Conclusion: Even small reconstruction shifts were found to have clinically
significant effects in HDR brachytherapy performed with a cylinder applicator. Therefore, meticulous quality
control, thin-section CT imaging, and standardized procedures are crucial for maintaining millimeter precision
and preventing systematic errors.

Keywords: Applicator Reconstruction, Brachytherapy, Geometric Uncertainty
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Bildiri Grubu: Radyoterapi / Radyoterapide Monte Carlo Simiilasyonu ve Uygulamalari

Platin Alasimli Biyomalzemelerin Radyoterapi Doz Dagilimina Etkisinin Monte Carlo
Yontemi ile Arastirilmasi

Nida Nisanur Gozetlik!, Serap Catli Ding?

!Gazi Universitesi Fen Bilimleri Enstitiisii Niikleer Bilimler ABD
2Gazi Universitesi Tip Fakiiltesi Radyasyon Onkolojisi ABD

Ozet: AMAC:Metal implantlar, iyonlastiric1 1sinlarla etkileserek sacilma ve golgelenmeye neden olurlar. Bu
fiziksel etkilesimler sonucunda tedavi alaninda yiiksek ya da diisiik doz bolgeleri gibi istenmeyen durumlar
olusabilir. Bu tiir sapmalar, tiimdriin yeterince 1sinlanmamasi ya da saglikli dokularin gereginden fazla
etkilenmesi gibi ciddi klinik sonuglara yol agabilir. Bu ¢alismada, 13 adet platin alagimli biyomalzeme igeren
implantlarn 6 MV foton enerjisiyle radyoterapi uygulamalarinda olusturdugu doz dagilimi tizerindeki
etkilerinin Monte Carlo simiilasyon yontemi kullanarak analiz edilmesi amaglanmistir. MATERYAL-
METOD:Calismada 5 cm derinlige yerlestirilen 2 cm kalinligindaki 13 adet platin alasimini modellemek
amaciyla DOSXYZnrc Monte Carlo program kodu kullanildi. 6MV foton enerjisi kullanilarak 10x10 cm?2
alan icerisindeki merkezi eksen boyunca % derin dozlar hesaplandi. Simiilasyon basina en az 3x10® pargacik
takip (history) edilmis, istatistiksel hata %0,5’in altinda tutulmustur. Z=100 cm’de bulunan nokta kaynak ve
7Z=0 cm’de 10x10 cm2’lik alan boyutu kullanilmistir. Elektron kesilme enerjisi (ECUT) ve foton kesilme
enerjisi (PCUT) sirasiyla 0,7 MeV ve 0,01 MeV olarak alinmistir BULGULAR:Monte Carlo sonuglarina
bakildiginda, alagima bagl olarak absorbe dozda 6nemli degisiklikler oldugu gozlendi. 13 alagimin i¢inden
en yiiksek deger Platin (%90)-iridyum (%10) alastmmm 0,0 cm 6niindeki dokuda geri sacilmadan dolayi
%105,0, 0,5 cm oOniindeki dokuda ise %23,4 oraninda doz artis1 gozlenirken, Platin (%90)-Iridyum (%10)
alasimin arkasinda (7,5cm’de) ise maksimum olarak %85,5 oraninda dozda azalma gozlenmistir. Dozdaki
artis ve azalmanin en az oldugu alasgim ise yogunlugu ve efektif atom numarasi en diislik olan Platin (%70)-
Cobalt (%30)’dir.SONUC:Biitiin bu bulgular yogun madde kullanilarak yapilan implantlarin kullanildig:
durumlarda sagilmadan dolay1 dozda biiyiik degisikliklere yol agtigin1 gostermistir. Doz dagilimi tizerindeki
sapmalarin yalnizca metal varligiyla degil, alasimin kompozisyonu, yogunlugu ve atom numarasi ile dogrudan
iligkili oldugu goriilmiistiir. Pt—Co ve Pt-Ni alasimlarinda gozlenen daha smirli sapmalar, bu tiir diisiik
yogunluk katkili platin sistemlerinin klinik agidan avantaj saglayabilecegini gostermektedir.

Anahtar Kelimeler: Platin alagimlar, radyoterapi, doz dagilimi, Monte Carlo Yontemi
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Investigation of The Effect of Platinum Alloy Biomaterials on Radiotherapy Dose
Distribution Using The Monte Carlo Method

Nida Nisanur Gozetlik!, Serap Catli Ding?

!Gazi University Institute of Science, Department of Nuclear Sciences
’Gazi University Faculty of Medicine, Department of Radiation Oncology

Abstract: AIM:Metal implants interact with ionizing radiation, causing scattering and shadowing effects.
These physical interactions may result in undesirable dose inhomogeneities, such as high- or low-dose regions
in the treatment field. Such deviations can lead to clinically significant outcomes, including insufficient tumor
irradiation or excessive exposure of healthy tissues. The aim of this study was to analyze the effect of 13
platinum-based alloy implants on dose distribution in radiotherapy using 6 MV photon energy, employing the
Monte Carlo simulation method. MATERIALS AND METHODS:In this study, the DOSXY Znrc Monte Carlo
code was used to model thirteen 2 cm-thick platinum alloys placed at a depth of 5 cm. Percent depth dose
(PDD) values were calculated along the central axis within a 10x10 cm? field using 6 MV photon energy. For
each simulation, at least 3x108 particle histories were tracked, and the statistical uncertainty was kept below
0.5%. A point source was positioned at Z = 100 cm, and the field size was set to 10x10 cm? at Z = 0 cm.
Electron cut-off energy (ECUT) and photon cut-off energy (PCUT) were set to 0.7 MeV and 0.01 MeV,
respectively. RESULTS:Monte Carlo results indicated significant changes in absorbed dose depending on the
alloy composition. Among the 13 alloys, the highest dose perturbation was observed with the Platinum (90%)—
Iridium (10%) alloy, where a 105.0% dose increase was recorded at 0.0 cm in front of the implant due to
backscattering, and a 23.4% increase was observed at 0.5 cm in front of the implant. In contrast, a maximum
dose reduction of 85.5% was observed at 7.5 cm behind the same alloy. The smallest dose perturbation was
found in the Platinum (70%)—Cobalt (30%) alloy, which had the lowest density and effective atomic
number. CONCLUSION:These findings demonstrate that implants made of high-density materials can cause
significant dose perturbations due to scattering. The magnitude of the dose deviation is not only dependent on
the presence of metal but is also directly related to the alloy composition, density, and effective atomic
number. The more limited perturbations observed with Pt—Co and Pt-Ni alloys suggest that these lower-
density platinum-based systems may offer clinical advantages.

Keywords: Platinum alloys, radiotheraphy, dose distribution, Monte Carlo Method
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Elekta Agility MLC Parametrelerinin Farkli Hasta Bazli Kalite Kontrol Sistemleri ile
Belirlenmesi

Mehmet Ertugrul Ertiirk!, Hikmet Cagan Ister!, Ahmet Fatih Yiirekli?

'MNT Saglik Hizmetleri AS.
2Antalya Sehir Hastanesi Radyoterapi Boliimii

Ozet: Bu ¢alismanin amaci, Elekta Agility MLC parametrelerindeki degisimlerin, ekspres kalite kontrol
testlerinin farkli hasta bazl kalite kontrol sistemleri ile incelenmesidir. Monaco tedavi planlama sisteminde
1s1n modeli girildikten sonra, her enerji i¢in ¢ok yaprakli kolimatér (MLC) parametreleri tanimlanir. MLC
parametrelerinin dogru tanimlanmasi, MLC’nin yogun olarak kullanildig1 tedavi modaliteleri a¢isindan biiyiik
onem tasimaktadir. MLC parametreleri ¢esitli yontemlerle, dogrudan ya da dolayli olarak iyon odalar ile
Olciilebilir. Ancak yapilan ¢aligsmalar, iyon odalari ile dogrudan 6l¢giillen MLC parametrelerinin, kullanilacak
hasta plani kalite kontrol sistemine gore kiiglik degisikliklerle ayarlanmasin1 6nermektedir. Bu dogrultuda
Elekta firmasi, Monaco planlama sisteminde kullanicilarin hem sistemin kalite kontroliinii
gerceklestirebilmesi hem de MLC parametrelerini belirleyebilmesi i¢in bir dizi plan sunmaktadir. Bu planlar
arasinda yer alan ve Express QA olarak adlandirilan sekiz plan, hasta bazli kalite kontrolde kullanilan
kosullarda 1simnlanmakta ve sonuglar Elekta’ya iletildiginde, firma kullanicilarina MLC parametrelerinin
optimum degerlere yakin sekilde ne olmasi gerektigini gosteren bir belge gondermektedir.Elekta Agility MLC
sistemine sahip lineer hizlandiricilarda (linak) Monaco planlama sistemi, MLC karakteristigini tanimlamak
icin 14 parametre kullanmaktadir. Ancak, bu parametrelerin yalnizca {li¢ tanesinin degistirilmesiyle MLC
parametrelerinin etkin bir sekilde belirlenebilecegi belirtilmistir. Elekta tarafindan gonderilen dokiimanlarda,
tim parametrelerde optimizasyon yapilmasi yerine yalnizca lif gegirgenligi, lif ucu kagagi ve lif ofset
degerlerinde degisiklik yapilmasi 6nerilmektedir. Bu ¢alisma kapsaminda, ti¢ farkli hasta bazli kalite kontrol
sistemi ve dort farkli kurulum i¢in Express QA Ol¢iimleri gerceklestirilmis ve sonuglar Elekta ile
paylasilmistir. Elekta’dan 6 MV i¢in gelen dort farkli raporda yer alan MLC parametreleri Tablo 1’de
sunulmaktadir.Bu parametre optimizasyonu ile amaglanan, tedavi planlarinin ilgili hasta bazli kalite kontrol
sistemi ile yapilan testlerde gama analizi ve diger analiz tiirlerindeki basar1 oranlarini artirmaktir. Boylece,
tedavide kullanilmasi uygun olmayan plan sayisinin azaltilmasi ve klinik isleyisin iyilestirilmesi
hedeflenmektedir. Sonug¢ olarak, klinikte hangi hasta bazli kalite kontrol sistemi kullanilacaksa MLC
parametreleri o sistem iizerinden optimize edilmelidir.
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Tablo 1
L oLt Ofes
Delta4 0.0050 1.13 -0.01
MapCheck 0.0045 1.12 -0.03
Matrix RW3 phantom 0.0037 1.15 -0.08
Matrix mini phantom 0.0037 1.13 -0.05

Farkli QA aragclari ile elde edilen MLC parametreleri

Anahtar Kelimeler: Agility MLC, MLC parametreleri
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Determination of Elekta Agility MLC Parameters Using Different Patient-Specific Quality
Assurance Systems

Mehmet Ertugrul Ertiirk!, Hikmet Cagan Ister!, Ahmet Fatih Yiirekli?

'MNT Health Services
?Antalya City Hospital Radiotherapy Department

Abstract: The aim of this study is to investigate the variation in parameters of Electa Agility multi-leaf
collimators (MLC) by using different patient base QA systems during evaluation of Express QA tests.
Following the implementation of the beam model in the Monaco treatment planning system, MLC parameters
must be defined for each energy. Accurate specification of these parameters is critical for treatment modalities
in which the MLC is extensively in use. MLC parameters can be measured directly or indirectly using
ionization chambers. It is suggested that MLC parameters determined through direct ion chamber
measurements should be tweaked according to the patient-specific quality assurance (QA) system. To support
this process, Elekta provides a set of plans within the Monaco planning system, enabling users both to perform
quality assurance of the planning system itself and to determine the MLC parameters. Among these, a subset
of eight plans—referred to as Express QA—are delivered under patient-specific QA conditions. When the
measurement results are submitted to Elekta, the company provides a document indicating the recommended
values for MLC parameters to achieve near-optimal performance. For linacs equipped with the Elekta Agility
MLC, the Monaco planning system utilizes three of fourteen parameters to characterize the MLC. These three
parameters are leaf transmission, leaf tip leakage, and leaf offset. Accordingly, the document provided by
Elekta suggests adjustments exclusively to these parameters rather than performing full optimization across
all fourteen plans. In this study, Express QA measurements were conducted using three different patient-
specific QA systems under four different setups. The results were shared with Elekta. The MLC parameters
provided by Elekta for 6 MV beam across four separate reports are presented in Table 1. Optimization of these
parameters is expected to improve the passing rates of treatment plans in gamma analysis and other QA metrics
obtained with the respective patient-specific QA system. Consequently, the number of plans deemed
unsuitable for clinical implementation can be reduced, thereby enhancing the efficiency of clinical workflow.
In conclusion, MLC parameters should be optimized according to the specific patient-based QA system
adopted in the clinic to ensure accurate treatment delivery and reliable quality assurance outcomes.
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Table 1

Leaf Transmission [Leaf Tip Leakage |Leaf Offset (mm)

Delta4 0.0050 1.13 -0.01
MapCheck 0.0045 1.12 -0.03
Matrix RW3 phantom 0.0037 1.15 -0.08
Matrix mini phantom 0.0037 1.13 -0.05

MLC parameters via different QA systems

Keywords: Agility MLC, MLC parameters
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Bildiri No: 9932
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Bildiri Grubu: Radyoterapi / Radyoterapide Dozimetri

Metal Aksam Iceren Meme Boardlarmin Doz Dagilimma Etkisi

Nazan Dede Karakog!, Betiil Kahraman', Deniz Karpat!, Giin Giinalp', Nurten Colak!, Sule Karabulut Giil?

Kartal Dr Liitfi Kirdar Sehir Hastanesi
2Saglik Bilimleri Universitesi Kartal Dr Liitfi Kirdar Sehir Hastanesi, SUAM

Ozet: Giris: Radyoterapide kullanilan immobilizasyon aparatlarinin bazilarinda bulunan metal bilesenler,
tedavi alani i¢ine girmeleri durumunda doz dagiliminda farkliliklara yol agabilmektedir. Bu ¢alismada, meme
boardlarinda bulunan ve supra-aksiller alana giren metal vidanin hem film tabanl 6l¢iimlerle hem de tedavi
planlama sistemi(TPS) iizerinden hesaplamalarla tedavi dozuna etkisinin belirlenmesi amaglanmigtir.Materyal
- Metot: Calisma iki asamada yiiriitiilmiistiir. Ilk asamada, ii¢ farkli board (Radon—celik vidali, Radon—
metalsiz, Civco—gelik vidali) {izerine sabit SSD(source-surface distance) kosullarinda (SSD100-101-102-
103cm’de) Gafchromic EBT4 filmler yerlestirilmis, Varian DHX’te 6MV kullanilarak, gantry 180° alani ile
1isinlama yapilarak net optik densite dlgiimleri elde edilmistir. Ikinci asamada, 20 hasta i¢in Radon marka-
celik vida iceren board ile Tomotherapy TPS’de HU(hounsfield unit) diizeltmesi uygulanmis ve
uygulanmamig planlar Wilcoxon testi yardimiyla karsilagtirilmistir. Ayrica ii¢ farkli board kullanilarak,
Alderson randofantomda HU diizeltmeli ayn1 planlar olusturulmus, elde edilen PTV(planning target volume),
OAR(organ at risk) dozlar1 karsilagtirilmistir. Bulgular: Film 6l¢iimlerinde metal kiitlesi arttik¢a giris dozunda
belirgin azalma saptanmistir. Radon marka metalsiz board ile karsilastirildiginda; Radon—c¢elik boardda
ortalama %3,5 , Civco—celik boardda ise ortalama %9 oraninda zayiflama goriilmiistiir. Hasta planlarinda
Radon—¢elik board i¢in HU diizeltme uygulanmasi PTV D95/D2 ve OAR dozlarinda anlamhi fark
yaratmamistir (p>0,05). Ancak randofantom planlarinda board tipine bagl olarak; metalsiz board ile
karsilagtirildiginda celik vidali boardlarda cilt, humerus ve spinalcord dozlarinda sirasiyla %5,9 , %12 ve
%11’e kadar farkliliklar gozlenmistir. PTV sarimi ise inverse planlama algoritmasi geregi tiim planlarda
benzer kalmistir.Degerlendirme ve Tartigsma: Hasta bazli TPS verileri, kii¢iik metal parcalarin ¢cok agili inverse
planlarda klinik doza anlamli etkisi olmadigini gostermektedir. Buna karsin fantom planlar1 ve film deneyleri,
metal varlig1 ve kiitlesinin doz dagilimmi degistirebilecegini ortaya koymustur. Ozellikle smirli agih
konformal tekniklerde, dozimetrik calismada gozlenen farklarin daha belirgin goriilecegi diisiiniilmektedir.
Bu nedenle 6nerimiz, 6zellikle metalin 151n yollarina daha ¢ok girdigi forward planlarda, metal bolgelerin HU
diizeltmesinin mutlaka yapilmasi gerektigidir. Ayrica belirsizligi tamamen ortadan kaldirmak i¢in metal
bilesen igermeyen boardlar tercih edilebilir.
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20.

3 farkli board i¢cin SSD-Net OD verileri

>Zy

RADON-CELIK | CIVCO-CELIK RADON-
SSD/NET OD ViDACLI ViD/SLI KARBONFIBER
SSD100 0.262 0.252 0.272
SSD101 0.259 0.248 0.270
SSD102 0.248 0.232 0.260
SSD103 0.224 0.206 0.228

Gatkromik EBT4 ile yapilan dozimetrik ¢calismanin 3 farkli board ve 4 farkli SSD i¢in dokiimii

Anahtar Kelimeler: meme radyoterapisi, immobilizasyon boardu, metal vida, doz dagilimi, HU diizeltmesi
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Dosimetric Impact of Breast Boards with Metallic Components

Nazan Dede Karakog!, Betiil Kahraman', Deniz Karpat!, Giin Giinalp', Nurten Colak!, Sule Karabulut Giil?

Kartal Dr Lutfi Kirdar City Hospital
University of Health Sciences Kartal Dr Lutfi Kirdar City Hospital, SUAM

Abstract: Introduction: Immobilization devices in radiotherapy may contain metallic parts that affect dose
distribution when they intersect the treatment field. This study evaluated the effect of the metallic screw in
breast boards extending into the supra-axillary region using film measurements and treatment planning system
(TPS) calculations.Materials and Methods: The study had two stages. Firstly, three boards (Radon—steel
screw, Radon—nonmetallic, Civco—steel screw) were tested at fixed SSDs (Source-Surface Distance's 100—
103 cm). Gafchromic EBT4 films on each board were irradiated on a Varian DHX with 6 MV, gantry 180°,
and net optical density was measured. In the second stage, for 20 patients immobilized with the Radon steel-
screw board, TomoTherapy TPS plans were generated with and without HU(hounsfield unit) correction and
compared using the Wilcoxon test. HU-corrected plans were also created on an Alderson Rando phantom with
all three boards, and resulting PTV(planning target volume) and OAR(organ at risk) doses were
compared.Results: Film data showed reduced entrance dose with increasing metallic mass. Versus the Radon—
nonmetallic board, attenuation averaged 3.5% with the Radon—steel board and 9% with the Civco—steel board.
In patient plans with the Radon—steel board, HU correction did not significantly change PTV D95/D2 or OAR
doses (p > 0.05). In phantom plans, steel-screw boards, compared with the nonmetallic board, changed doses
by up to 5.9% for skin, 12% for humerus, and 11% for spinal cord. PTV coverage was similar across plans
due to the inverse algorithm.Discussion: Patient TPS data suggest small metallic parts have no clinically
meaningful effect in multi-angle inverse plans. In contrast, phantom and film findings show that metal
presence and mass can alter dose distribution, with larger effects expected in conformal techniques using
limited beam angles. We recommend HU correction of metallic regions, particularly in forward plans where
beams more often traverse metal. To minimize uncertainty, nonmetallic boards are preferable.
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Net OD values at different SSDs for three boards

SSD/ NET RADON-
oD RADON-STEEL  [CIVCO-STEEL |, p o e
0.262 0.252 0.272
0.259 0.248 0.270
0.248 0.232 0.260
0.224 0.206 0.228

Dosimetric study with Gafchromic EBT4: results for three different boards and four SSDs

Keywords: breast radiotherapy, immobilization board, metallic screw, dose distribution, HU correction
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RayStation Otomatik Konturlama Tekniklerinin Uzman Radyasyon Onkologlart ile
Karsilastirilmasi

Ersan Yilmaz', Mert Cananoglu', N. Deniz Arslan?, Ebru Cananoglu?, Mecit Canbolat!

'Oncotech Medikal Sistemler
’I.A.U. VM Medical Park Florya Hastanesi

Ozet: Amag:Radyoterapi planlamasinda hedef hacim ve kritik organlarin dogru konturlanmasi tedavi kalitesi
icin kritik 6dneme sahiptir. Bu ¢alismada, RayStation otomatik konturlama (auto-segmentation) algoritmalari
ile uzman radyasyon onkologlarinin manuel konturlar1 karsilastirilarak, otomatik konturlamanin klinik
uygulanabilirligi degerlendirildi.Ydntem:Bas-boyun ve pelvik bolge olmak iizere 10’ar hastalik iki kohort
retrospektif olarak incelendi. Her hasta i¢in RayStation’in “atlas-based” ve “deep learning-based” otomatik
konturlart olusturuldu. Uzman radyasyon onkologlarinin manuel konturlari altin standart kabul edildi.
Karsilastirmada Dice benzerlik katsayis1 (DSC), Hausdorff mesafesi (HD) ve ortalama yilizey mesafesi (MSD)
metrikleri kullanildi. Klinik acidan kritik organlar (6rn. parotis, medulla spinalis, mesane, rektum) ayr1 olarak
analiz edildi.Bulgular:Bas-boyun bolgesinde derin 6grenme tabanli otomatik konturlarin ortalama DSC degeri
0.86 = 0.04 iken atlas tabanli yontemlerde bu deger 0.78 & 0.06 bulundu (p<0.01). Pelvik bolgede mesane ve
rektum i¢cin DSC degerleri sirastyla 0.91 +0.03 ve 0.88 + 0.05 olup, manuel konturlarla yiiksek uyum gosterdi.
Hausdorff mesafesi deep learning yonteminde anlamli derecede daha diisiik bulundu (bas-boyun: 3.2 mm vs
5.8 mm, p<0.01). Uzman konturlar1 ile otomatik konturlar arasindaki en biiyiik farklilik bas-boyun lenf nodu
bolgelerinde gozlendi.Sonug:RayStation derin 6§renme tabanli otomatik konturlama, 6zellikle biiyiik ve iyi
tanimlanmis organlarda yliksek dogruluk saglamaktadir. Atlas tabanli yontemlere kiyasla hem geometrik
uyum hem de yilizey dogrulugu agisindan daha basarili bulunmustur. Kritik alanlarda uzman dogrulamasi
halen gerekli olsa da, otomatik konturlama klinik is akisini hizlandiric1 ve standardizasyonu artirict giiglii bir
ara¢ olarak one ¢cikmaktadir.

Anahtar Kelimeler: Derin Ogrenme Segmentasyonu, Otomatik Konturlama
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Comparison of RayStation Auto-Contouring Techniques with Expert Radiation Oncologist
Delineations

Ersan Yilmaz', Mert Cananoglu', N. Deniz Arslan?, Ebru Cananoglu?, Mecit Canbolat!

'Oncotech Medical Systems
’I.A.U. VM Medical Park Florya Hospital

Abstract: Objective:Accurate delineation of target volumes and organs at risk (OARs) is essential for high-
quality radiotherapy. Manual contouring by radiation oncologists is time-consuming and subject to inter-
observer variability. This study aimed to evaluate the clinical applicability of RayStation auto-contouring
algorithms by comparing them with expert manual contours.Methods:Two patient cohorts, including 10 head-
and-neck and 10 pelvic cases, were retrospectively analyzed. For each case, RayStation atlas-based and deep
learning-based auto-contours were generated. Expert radiation oncologist manual contours served as the gold
standard. Dice similarity coefficient (DSC), Hausdorff distance (HD), and mean surface distance (MSD) were
calculated for selected OARs including parotid glands, spinal cord, bladder, and rectum. Results from the two
auto-contouring approaches were compared with expert contours and with each other.Results:In the head-and-
neck cohort, deep learning-based contours achieved higher agreement with expert contours than atlas-based
methods (mean DSC 0.86 = 0.04 vs. 0.78 + 0.06, p<0.01). The parotid glands and spinal cord showed
particularly improved delineation accuracy with deep learning. In the pelvic cohort, bladder and rectum
contours achieved DSC values of 0.91 + 0.03 and 0.88 + 0.05, respectively, demonstrating high consistency
with expert delineations. Hausdorff distance was significantly lower for deep learning-based contours
compared to atlas-based (head-and-neck: 3.2 mm vs. 5.8 mm, p<0.01). The largest discrepancies were
observed in nodal regions in head-and-neck cases, where auto-contouring struggled to match expert
delineation precision.Conclusion:Deep learning-based auto-contouring in RayStation provides high geometric
accuracy, particularly for large, well-defined structures, and outperforms atlas-based methods in both DSC
and surface accuracy. While expert validation remains necessary for critical regions, auto-contouring can
significantly accelerate clinical workflow and improve contouring consistency. These findings align with
current literature, supporting the integration of deep learning-based auto-contouring into routine radiotherapy
planning.

Keywords: Automatic Contouring, Deep Learning Segmentation

68



2 O Ulusal Medikc'ﬂﬂ\@)
@

Fizik Kongresk ) &

6-9 Kasim 2025

Pine Bay Holiday Resort, Kusadasi / AYDIN / % A

Bildiri No: 9345
Yaymn No: EPO18
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BT Simiilatorlerinde HU Dogrulugunun IVDT Kalibrasyonu ve Doz Hesaplamasina Etkisi

Betiil Kahraman', Deniz Karpat', Giin Giinalp', Nazan Dede Karakog!, Nurten Colak', Duygu Gedik!, Sélen
Nasifoglu!, Sule Karabulut Giil®

'Kartal Dr Liitfi Kirdar Sehir Hastanesi
2Saglik Bilimleri Universitesi, Kartal Dr Liitfi Kirdar Sehir Hastanesi, SUAM

Ozet: Amag:Bilgisayarli tomografi (BT) simiilatorlerinde aylik ve yillik kalite kontrol testlerinden olan
HU(Hounsfield Unit) numarasi dogrulugunun, lineer hizlandiric1 tedavi cihazlarindaki goriintii degeri-
yogunluk tablosu (IVDT) {izerine katkisin1 ve doz hesaplamasina etkisini degerlendirmektir.Yontem: GE
marka BT simiilatériinde aylik testler kapsamida HU dogrulugu testi gergeklestirildi. ilk olarak Catphan
fantomu klinikte rutin olarak kullanilan toraks protokoliinde c¢ekildi. Ayni ¢ekim Cheese fantom ile
tekrarlandi. Cheese fantom goriintiisiinde, farkli kiitle yogunluguna sahip malzemelere karsilik gelen HU
degerleri belirlendi ve Tomoterapi tedavi planlama sistemine giincel IVDT olusturuldu.Tomoterapide
kullanilan mevcut IVDT ve giincel(Cheese fantom kullanilarak yeniden olusturulan) IVDT ile Rando fantom
izerinde ayni1 planlama parametreleri kullanilarak bas boyun ve akciger planlar1 yapildi, hedef voliim ve riskli
organ dozlar kiyaslandi.Bulgular: Mevcut [IVDT’ye gore; Catphan fantom goriintiisiinde teflon malzemesi
harig biitlin yogunluklarda +10 HU, teflon da ise ortalama +18 HU fark gozlendi. Cheese fantom gdriintiisiinde
ise, meveut [IVDT ye gore, 1.560 g/cm? ve 1.821 g/cm? malzemeleri i¢in okunan HU degerleri sirastyla 63HU
ve 110 HU fazla ¢ikti. Rando fantom planlarinda mevcut IVDT ile giincel IVDT arasinda hedef voliim
dozunda %1.7 fark, riskli organ dozunda %3 ile %7 arasinda fark tespit edildi.Sonug: X 1s1n tlipiiniin uzun
stiren kullanim1 HU numaralarinda degisikliklere sebep olabilir. Bu degisiklik, demet siklagmasi artefaktlarini
artirir. Bu ¢alisma kapsaminda cihazin yetkili miihendisi tarafindan su ve hava kalibrasyonu yapildigi halde
yiiksek yogunluklu malzemelerdeki HU numaralarinda degisim gozlenmediginden otiirii klinikte kullanilan
IVDT tablolarinin giincellenmesi gerekmektedir.Yiiksek elekton /kiitle yogunluguna sahip malzemelerdeki
HU degerlerindeki sapmalar kritik olup, radyoterapi dozlarina olan etkisi fazladir. Dolayisiyla uzun siire
kullannmda olan BT simiilatorlerinde bu test miimkiinse aylik olarak ve Ozellikle yiiksek yogunlugun
bulundugu fantomlarda yapilmalidir. Bu ¢alismada Cheese fantomda HU numarasi degisimi (£110HU) daha
net goriilmiistiir. Cheese fantomun Catphan fantomundan daha agir ve biiyiik ¢apta olmasi, Cheese fantomdaki
sacilmalarin daha fazla olmasina ve HU degerindeki farkin artmasina sebep olmustur. Cheese fantomun
gercek hastay1 daha 1yi simiile ettigi diistiniilmektedir.

Anahtar Kelimeler: BT simiilatorii, Hounsfield Birimi (HU) dogrulugu, Goriintii Degeri-Y ogunluk Tablosu
(IVDT), Doz hesaplamasi, Kalite kontrol
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The Impact of HU Accuracy in CT Simulators on IVDT Calibration and Dose Calculation

Betiil Kahraman', Deniz Karpat', Giin Giinalp', Nazan Dede Karakog!, Nurten Colak', Duygu Gedik!, Sélen
Nasifoglu!, Sule Karabulut Giil®

Kartal Dr Lutfi Kirdar City Hospital
University of Health Sciences, Kartal Dr. Liitfi Kirdar City Hospital, SUAM

Abstract: Objective:This study aimed to evaluate how the accuracy of Hounsfield Unit (HU) numbers—one
of the key monthly and annual quality control (QC) tests in computed tomography (CT) simulators—
contributes to the image value-to-density table (IVDT) used in linear accelerator treatment planning systems,
and to assess its impact on dose calculation accuracy.Methods:HU accuracy tests were conducted on a GE CT
simulator as part of the monthly QC program. The Catphan was first scanned using the standard chest protocol
routinely applied in the clinic. The same acquisition parameters were then used to scan a Cheese phantom.
HU values corresponding to materials with known mass densities were extracted from the Cheese phantom
images, and a new IVDT was generated in the TomoTherapy treatment planning system (TPS).Head-and-
neck and lung treatment plans were created on a Rando anthropomorphic phantom using identical planning
parameters, once with the clinically used (current) IVDT and once with the updated IVDT derived from the
Cheese phantom data. Doses to target volumes and organs at risk (OARs) were compared between the two
plans.Results:When compared with the current IVDT, HU deviations of £10 HU were observed across most
materials in the Catphan phantom, except for Teflon, which showed an average deviation of £18 HU. In the
Cheese phantom, HU values for materials with densities of 1.560 g/cm? and 1.821 g/cm? were 63 HU and 110
HU higher, respectively, than those in the current IVDT.In the Rando phantom treatment plans, the updated
IVDT resulted in a 1.7% change in target dose and a 3—7% variation in OAR doses relative to the original
IVDT.Conclusion:Prolonged use of the CT X-ray tube can cause HU drift, especially for high-density
materials, likely due to increased beam hardening. Although water and air calibration was verified by a service
engineer, deviations in HU persisted for dense materials, indicating the need for periodic IVDT updates.
Because such HU deviations can significantly affect radiotherapy dose calculations, monthly verification of
HU accuracy using phantoms with high-density inserts—such as the Cheese phantom—is strongly
recommended. The larger size and higher density of the Cheese phantom produced more scattering and thus
better represented real patient conditions

Keywords: CT simulator, Hounsfield Unit (HU) accuracy, Image Value to Density Table (IVDT), Dose
calculation, Quality control
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Brakiterapi Mi SBRT Mi? Serviks Kanseri I¢in Yapilan Farkli Planlama Tekniklerinin Doz
Dagilimi1 Ve Etkinligi A¢isindan Karsilastirilmasi

Sezgi Turan Eruguz', Sultan Cit Ozbaran!, Roman Ibrahimov', Abdullah Toplan!, Didem Karagetin'
"Neolife Tip Merkezi

Ozet: Amag: Serviks kanseri tanisi ile eksternal radyoterapi almis olan hastalarin boost tedavilerinin High
Dose Rate (HDR) brakiterapi ve Stereotaktic body radiation theraphy (SBRT) planlarinin doz dagilimlarinin
karsilastirilmasidir. Materyal Metot:Bu calismada Neolife Tip Merkezi Radyasyon Onkolojisi Boliimii’nde
serviks tanisi ile eksternal radyoterapi (45-50,4 Gy) ve HDR brakiterapi almis 10 hasta secildi. Bu hastalarin
brakiterapi planlari ile eksternal tedavileri sonrasi ¢ekilmis diiz CT’lerinin tizerine yapilan SBRT planlar
karsilastirildi. SBRT planlar1 da Eclipse Planlama Sistemi’nde (V10) ve hastalarin brakiterapi tedavilerinde
aldig1 toplam doz olan 28 Gy/4 fr ile aynmi olacak sekilde yapildi. Retrospektif planlarin olusturulmasi i¢in
planlanan hedef hacim (PTV) ve kritik organlar (mesane, rektum, sigmoid kolon) konturlandi. Her iki plandan
alian sonuglara gore kritik organlardan rektum i¢in 0,1cc, 2cc, 3,5cc, 20cc degerleri, mesane i¢in 0,1cc, 2cc,
15cc degerleri, sigmoid icin 0,1cc, 2cc, 20cc degerleri karsilastirilirken PTV’lerin %98 ve %90°nin aldig1
degerler ile yar1 dozlarin hacim degerleri karsilastirildi. Ayni zamanda Conformity Index (CI) VE
Homogeneity Index (HI) degerleri hesaplandi. Tiim karsilastirmalar SPSS Statistics 26 software ile Wilcoxon
signed rank test uygulanarak yapildi.Sonug:Yapilan istatistiksel karsilastirmalarda Wilcoxon signed rank test
icin p=<0,05 degeri anlamli kabul edilmistir. Normal dokular i¢in rektum, mesane ve sigmoid’in 0,1cc ve
2cc’lik sonuglart ile rektum 3,5cc, mesane 15cc, sigmoid 20cc karsilastirmalart anlamsiz bulunmustur.
Rektum 20cc karsilastirmasinda SBRT ve HDR brakiterapi degerleri arasinda SBRT lehine anlamli fark
bulunmustur. (p=0,037) CTV ig¢in yapilan karsilastirmalarda HI ve CI degerleri ile CTV98 SBRT Iehine
anlaml1 bulunmustur. (HI i¢in p=0,005, CI i¢in p=0,005, CTV98 i¢in p=0,005) CTVI0 ile yar1 doz degerleri
arasinda yapilan karsilastirmalar ise anlamsiz bulunmustur.Bu ¢alisma, yapilan karsilastirmalar sonucunda
normal dokular agisindan ¢ok biiylik bir fark olmadigi ve CTV agisindan SBRT lehine anlamli sonuglar elde
edildigi icin, brakiterapinin uygulanamadigi durumlarda serviks kanseri boost tedavilerinin SBRT ile de
yapilabilecegini gostermistir.
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CLHI,CTV98,CTV90 ve Yar1 Doz Degerleri Agisindan Brakiterapi Ve SBRT Planlarinin Karsilastirilmasi

BRAKITERAPI  |SBRT
Ortalama+Standart | Ortalama+Standart .
Sapma Sapma P Degent
CI 0,37+ 0,07 0,82 +0,02 0,01
HI 5,63 +0,46 0,065 + 0,01 0,01
CTVI8 (GY) 21,96 + 3,439 28,081 + 0,291 0,05
CTV90 (GY) 26,899 + 3,463 28,839+ 0,137 0,17
Yar1 Doz(cc) 214,349 £+ 65,165 | 287,929 + 77,563 0,06

Anahtar Kelimeler: Yiiksek Doz Hizli Brakiterapi, Stereotaktik Viicut Radyoterapisi, Serviks Kanseri
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Brachytheraphy Or SBRT ? A Comparision Of Dose Distiribution And Efficacy In Cervical
Cancer

Sezgi Turan Eruguz', Sultan Cit Ozbaran!, Roman Ibrahimov', Abdullah Toplan!, Didem Karagetin'
"Neolife Medical Center

Abstract: Objective:The aim of this study is to compare the dose distributions of High Dose Rate
Brachytherapy (HDR-BT) and Stereotactic Body Radiation Therapy (SBRT) boost treatments in patients who
have received external radiotherapy (ERT) for cervical cancer.Materials and Methods:In this study, 10 patients
diagnosed with cervical cancer who received ERT (45-50.4 Gy) and HDR-BT at Neolife Medical Center
Radiation Oncology Department were selected. The BT plans of these patients were compared with SBRT
plans created on CT images without applicator obtained after ERT.SBRT plans were generated using the
Eclipse Planning System (Version10) with the same total dose as the BT,which was 28 Gy in 4 fractions.To
create retrospective plans,the planning target volume (PTV) and critical organs (bladder, rectum, sigmoid
colon) were contoured.The results obtained from both plans were compared based on specific dose values for
critical organs: 0.1cc, 2cc, 3.5cc, and 20cc for the rectum; 0.1cc, 2cc, and 15cc for the bladder; and 0.1cc, 2cc,
and 20cc for the sigmoid colon.Additionally, the dose values covering 98% and 90% of the PTV, as well as
the half-dose volume values, were analyzed.Conformity Index (CI) and Homogeneity Index (HI) values were
also calculated. All comparisons were performed using the Wilcoxon signed-rank test in SPSS Statistics 26
software.Results:In the statistical comparisons,p<0.05 was considered significant for the Wilcoxon signed-
rank test.The results for 0.1cc and 2cc in the rectum, bladder, and sigmoid colon, as well as for 3.5cc in the
rectum,15cc in the bladder and 20cc in the sigmoid colon, were found to be insignificant. However,in the
comparison of the rectum at 20cc,a statistically significant difference in favor of SBRT was observed
(p=0.037).Regarding CTV comparisons,HI and CI values, along with CTV98, were found to be significantly
in favor of SBRT (p=0.005 for HI, CI, and CTV98).Comparisons between CTV90 and half-dose values were
found to be insignificant.Conclusion: This study demonstrates that, based on the comparisons, there is no
major difference in terms of normal tissue effects, and SBRT yields significant results for CTV.Therefore, in
cases where brachytherapy cannot be performed, SBRT can be considered as an alternative for cervical cancer
boost treatments.
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A comparision of BT and SBRT plans in terms of CI-HI and CTV98,CTV90 and half-dose values

BRACHYTHERAPHY SBRT
Mean+Standard Mean-+Standard
Deviation Deviation P Value
CI 0,37+ 0,07 0,82 +0,02 0,01
HI 5,63+ 0,46 0,065 + 0,01 0,01
CTVI8 (GY) 21,96 + 3,439 28,081 + 0,291 0,05
CTV90 (GY) 26,899 + 3,463 28,839+ 0,137 0,17
Half Dose (cc) 214,349 + 65,165 287,929+77,563 0,06

Keywords: High Dose Rate Brachytherapy, Stereotactic Body Radiation Therapy, Cervical Cancer
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Bildiri Grubu: Radyoterapi / Radyoterapide Monte Carlo Simiilasyonu ve Uygulamalari

50-100 MeV Proton Isinlar1 i¢in Su Phantom'unda Si1g Derinliklerde Meydana Gelen Enerji
Birikimi: Bir Monte Carlo Calismasi

Taylan Tug“rul1

'Van Yiiziincii Y1l Universitesi Tip Fakiiltesi Radyasyon Onkolojisi Anabilim Dali, Van, Tiirkiye

Ozet: Proton terapisi, sahip oldugu derinlik-doz karakteristikleri sayesinde kanser tedavisinde olduk¢a hassas
bir yontem olarak 6ne ¢ikmaktadir. Konvansiyonel foton isinlarindan farkli olarak protonlar, enerjilerinin
biiyiik kismint menzillerinin sonunda birakir ve Bragg pikini olusturur. Bu 6zellik, normal dokularin
korunmasini saglarken tiimor bolgesine yogun doz verilmesine imkan tanir. Bu nedenle protonlarin doku
esdegeri ortamlardaki etkilesimlerinin dogru sekilde modellenmesi, tedavi planlamasinin gelistirilmesi ve
analitik doz hesaplama algoritmalarinin dogrulanmasi agisindan biiyiik 6nem tasir.Bu ¢aligmada, protonlarin
sudaki enerji birikimlerinin arastirilmasi amaciyla Geant4 tabanli TOPAS platformu kullanilarak Monte Carlo
simiilasyonlar1 gerceklestirilmistir. Enerjileri 50, 60, 70, 80, 90 ve 100 MeV olan proton demetleri, 10x10x10
cm?® boyutlarindaki su fantomuna yonlendirilmistir. Fantomun 2 cm derinligine yerlestirilen 1x1x1 cm?*’likk
bir skorlayici vokselde lokal enerji birikimi kaydedilmistir. Demet, 10x10 cm? alan biiyiikliigiine sahip, paralel
ve monojenik olarak modellenmis; kaynak-yiizey mesafesi 100 cm olarak tanimlanmistir.Simiilasyon
sonuglari, giris proton enerjisine bagli olarak enerji birikiminde belirgin farkliliklar gdstermistir. 2 cm
derinlikte kaydedilen enerji birikimleri sirasiyla 50, 60, 70, 80, 90 ve 100 MeV i¢in 0.69 MeV, 2.30 MeV,
1.98 MeV, 1.71 MeV, 1.90 MeV ve 0.096 MeV olarak hesaplanmistir. Maksimum enerji birikimi 60 MeV’de
gozlenmis, bu da diisiik-orta enerji seviyelerinin s1g derinliklerde doz etkinligini artirdigini ortaya koymustur.
Daha ytiksek enerjilerde ise birikimin azalmasi, protonlarin enerjilerinin biiyiik kismini daha derin tabakalara
tasimasiyla uyumludur.Elde edilen bulgular, protonlarin doku esdegeri materyallerdeki enerji kayiplariin
nicel olarak incelenmesinde Monte Carlo tabanli simiilasyonlarin giivenilirligini dogrulamaktadir. Sunulan
sonuglar, klinik proton demeti modellemesine katk1 saglamakta ve proton tedavisinde tedavi parametrelerinin
optimizasyonunu desteklemektedir.

Her bir proton enerjisi i¢in vokselde biriken enerji miktarlari.
[)eposllted Energy vs Proton Energy at 2 cm Depth (1x1x1 cm? Voxel)
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Anahtar Kelimeler: Proton Terapisi, Monte Carlo Simiilasyonu, Enerji Birikimi
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Abstract Group: Radiotherapy / Monte Carlo Simulation and Applications in Radiotherapy

Localized Energy Deposition at Shallow Depths in Water Phantom for 50-100 MeV Proton
Beams: A Monte Carlo Study

Taylan Tug“rul1

'Department of Radiation Oncology, Faculty of Medicine, Van Yiiziincii Y1l University, Van, Turkey

Abstract: Proton therapy has emerged as a highly precise modality in cancer treatment owing to its favorable
depth—dose characteristics. Unlike conventional photon beams, protons deliver the majority of their energy
near the end of their range, forming the Bragg peak. This property enables improved sparing of normal tissues
while concentrating the dose in the tumor region. Accurate modeling of proton interactions in tissue-
equivalent media is therefore essential to enhance treatment planning and to validate analytical dose
calculation algorithms.In this study, Monte Carlo simulations were performed using the TOPAS platform,
which builds on the Geant4 framework, to investigate energy deposition by protons in water. Proton beams
with energies of 50, 60, 70, 80, 90, and 100 MeV were directed into a water phantom measuring 10x10x10
cm?®. A scoring voxel of 1x1x1 cm? was placed at a depth of 2 cm to record localized energy deposition. The
beam was modeled as parallel and monoenergetic with a 10x10 cm? field size and a source-to-surface distance
of 100 cm.The simulation results revealed distinct differences in energy deposition as a function of incident
proton energy. At 2 cm depth, the deposited energy values were 0.69 MeV, 2.30 MeV, 1.98 MeV, 1.71 MeV,
1.90 MeV, and 0.096 MeV for 50, 60, 70, 80, 90, and 100 MeV beams, respectively. The maximum deposition
occurred at 60 MeV, highlighting the efficiency of this energy in delivering localized dose within shallow
depths. A decreasing deposition trend was observed at higher energies, consistent with the physics of proton
penetration, where most energy is carried deeper into the medium.These findings confirm that Monte Carlo-
based simulations are a reliable approach for quantifying proton energy loss in tissue-equivalent materials.
The presented results provide valuable insights for clinical proton beam modeling and support the optimization
of treatment parameters in proton therapy.

The amount of energy accumulated in the voxel for each proton energy.

Deposited Energy vs Proton Energy at 2 cm Depth (1x1x1 cm? Vaxel)
. pasited Energy

2.0r

1 {MeV]
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Deposited Energy in
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Keywords: Proton Therapy, Monte Carlo Simulation, Energy Deposition
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Sol Meme Radyoterapi Planlamasinda Ug Farkli Ark Tekniginin Plan Parametreleri ve Cihaz
Verimliligi A¢isindan Degerlendirilmesi

Osman Artun¢ TURE!, Cemile Ceylan', Halil Alper Ozkan'

'Tstanbul Onkoloji Hastanesi

Ozet: Bu ¢alismanin amaci, sol meme radyoterapisi planlamasinda ABC nefes tutma teknigi ile planlanan iig
farkl tedavi teknigi olan parsiyel ark, (PA) 4 overlap ark, (40A) ve 6 overlap ark, (60A) yontemlerinin plan
kalitesi ve cihaz yiikii ag¢isindan karsilastirilmasidir. Calismaya dahil edilen 10 kadin hastada her ii¢ teknik
kullanilarak tedavi planlart olusturulmus, planlama parametreleri incelenmistir. PA teknigi, gantrinin 300
dereceden 150 dereceye kadar olan acilarda donmesini ifade ederken; OA teknikleri ayni gantri agilar
araliginda st iiste binen arklarla planlanmistir. Tiim tekniklerde gantri baslangic ve bitis acilar1 esit
tutulmustur. Analizde PTV, kalp, lad, akciger, karsi meme ve kars1 akciger gibi kritik organlarin aldig1 dozlar,
monitor unit (MU) degerleri ve modiilasyon faktorii (MF) gibi cihaz yiikiinii yansitan parametreler
degerlendirilmistir. Veriler parametrik dagilima gore tekrarlayan 6l¢iimlerde ANOVA veya Friedman testi ile
analiz edilmis, p<0.05 anlamli kabul edilmistir. Cihaz yiikii a¢isindan 40A tekniginde daha diisiik MU ve
daha yiiksek MU verimliligi bulunurken, (p<0,0002) PA tekniginde daha fazla segment sayisina karsin PTV
kapsamasi daha yiiksektir. (p<0,003). Kritik organ dozlarinda kalp ve lad i¢in anlamh fark bulunmazken,
akciger V16 hacminde PA, (p<0,03) akciger V4 hacminde ise 60A (p<0,03) tekniklerinde daha diisiik doz
aldiklar1 bulunmustur. Karst memede anlamli fark bulunmamistir. Sonug olarak, PA teknigi hedef hacim
kapsamasi ve akciger V16 degerleri agisindan 6ne ¢ikarken, olusturdugu yiiksek segment sayisi acisindan
cihaz yiikii ve kalite kontrol degerleri acisindan degerlendirilmelidir. 40A teknigi daha diisiik MU ve daha
yiksek MU verimliligi sunarken, hedef hacim kapsamas1 daha diisiiktiir. Akcigerin diisiik dozlarinda 60A
teknigi avantajlidir. Klinik uygulamada hangi teknigin secilecegi hasta 6zellikleri, kritik organ riskleri, cihaz
kapasitesi ve kalite kontrol degerleri dikkate alinarak belirlenmelidir.
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Tedavi Planlama Tekniklerinin Karsilastirilmasi

Max Dose: 5199.0 <Gy (@ X © ¢ Max Dose: 5212.7 <Gy (@) L 49 Max Dose: 5211.2 <Gy @

i3 T T

Sirasiyla Parsiyal Ark, (PA) 4 Overlap Ark, (40A) 6 Overlap Ark, (60A) Tekniklerinin Karsilastirilmasi

Anahtar Kelimeler: Meme, Parsiyal, Overlap, VMAT, IMRT
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Evaluation of Three Different Arc Techniques in Left Breast Radiotherapy Planning
Regarding Plan Parameters and Treatment Delivery Efficiency

Osman Artun¢ TURE!, Cemile Ceylan', Halil Alper Ozkan'
'Istanbul Oncology Hospital

Abstract: The aim of this study was to compare three arc-based techniques partial arc (PA), 4 overlap arc
(40A) and 6 overlap arc (60A) planned with active breathing control (ABC) breath-hold in left breast
radiotherapy in terms of plan quality and treatment machine workload. Treatment plans using all three
techniques were generated for 10 female patients, and relevant dosimetric and delivery parameters were
evaluated. The PA technique represents a gantry rotation from 300° to 150°, whereas the OA techniques
employ overlapping arcs within the same gantry angle range. Identical gantry start and stop angles were used
for all plans. The analysis included planning target volume (PTV) coverage and doses to organs at risk (OARSs)
such as the heart, left anterior descending coronary artery (LAD), ipsilateral lung, contralateral breast and
contralateral lung, as well as monitor units (MU) and modulation factor (MF) reflecting treatment machine
workload. Depending on data distribution, repeated-measures ANOVA or Friedman tests were performed,
with p<0.05 considered statistically significant.In terms of machine workload, the 40A technique yielded
lower MU and higher MU efficiency (p<0.0002), whereas the PA technique, despite a higher number of
segments, achieved superior PTV coverage (p<0.003). No statistically significant differences were found for
heart and LAD doses. For lung volumes, the PA technique resulted in lower V16 (p<0.03), while the 60A
technique showed lower V4 (p<0.03). No significant difference was observed in contralateral breast dose.In
conclusion, the PA technique demonstrated advantages in PTV coverage and ipsilateral lung V16 but involved
a higher segment count, which may impact machine workload and quality assurance. The 40A technique
offered lower MU and higher MU efficiency but slightly lower PTV coverage, whereas the 60A technique
was advantageous for reducing low-dose exposure of the lung. In clinical practice, the choice of technique
should be guided by patient-specific anatomy, organ-at-risk constraints, machine capacity and quality
assurance considerations.
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Comparison of Treatment Planning Techniques
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Comparison of Partial Arc, (PA) 4 Overlap Arc, (40A) 6 Overlap Arc, (60A) Techniques Respectively

Keywords: Breast, Partial, Overlap, VMAT, IMRT
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XVI Ballbearing Fantom I¢in Winston-Lutz Yazilimi Gelistirilmesi

Mehmet Ertugrul Ertiirk!, Hikmet Cagan ister

'MNT Saglik Hizmetleri

Ozet: Streotaktik radyocerrahi ve stereotaktik radyoterapi yapilan dogrusal hizlandiricilarda farkli gantry,
kolimatdr ve masa doniis acilarinda izomerkezdeki sapmalar 1 mm yar1 ¢apli bir daire i¢inde olmasi beklenir.
Buna ek olarak, gerekli hassasiyeti saglamak amaciyla goriintiileme es merkezide dogrusal hizlandirict es
merkezi ile uyum i¢inde olmalidir. Bu uyumu incelemek amaciyla kurum i¢i bir yazilim gelistirdi. Yazilim
farkli goriintiilleme modaliteleri ile konumlandirilmasi yapilabilen XVI ballbearing fantomun Tablo 1’de
verilen 9 farkli gantri, kolimator ve masa agisi pozisyonunda alinan goriintiilerini kullanarak her bir goriintii
merkezinin izomerkeze olan uzakligini hesaplayabilmektedir. Isinlama alani olarak 3 cm x 3cm’lik alan
kullanilmigtir. Programin denemesi yeni kurulan bir dogrusal hizlandiricida yapilmistir. Test ekipmanindaki
opak bilyenin merkezinin konumlandirilmasi i¢in MV port ile pozisyonlama yapilmistir. Kabul testlerini takip
eden giinlerde yapilan testin sonuglar ile kabul testlerinde elde edilen sonug¢ karsilastirilmistir. Yapilan
inceleme sonucunda masa agis1 dahil en biiyiik sapmanin 1 mm’nin altinda oldugu hesaplanmistir. Bu yontem
ile Periyodik olarak izomerkez kontrolii yapilmasina imkan saglamaktadir. Yontem, farkli goriintiileme
modiillerinin izomerkezleri ile tedavi izomerkezi arasindaki uyumu incelemeye imkan tanimaktadir. Ancak
farkl gortintiileme modiillerinin kullanilmasindan kaynaklanan belirsizlik kabul kriterlerine eklenmelidir.
Detaylandirilabilen raporlandirma ile limitlerin hangi 6l¢lim sartlart i¢in asildiginin bilgisini kullaniciya
vermektedir. Yazilim bir kalibrasyon yazilimi niteliginde olmayip medikal fizik uzmanina izomerkezin
dogrulugu ve ne zaman ayarlatilmasi gerektigi hakkinda bilgi vermektedir.

Tablo1
Gantri (°) Kolimatér (%) Masa Agisi (%)
Pozisyon 1 0 0 0
Pozisyon 2 90 0 0
Pozisyon 3 180 0 0
Pozisyon 4 270 0 0
Pozisyon 5 0 90 0
Pozisyon 6 0 180 0
Pozisyon 7 0 270 0
Pozisyon 8 0 0 90
Pozisyon 9 0 0 270

Tablo 1. Winston-Lutz testi 1sinlama agilari

Anahtar Kelimeler: Kurumigi kalite kontrol yazilimi, SRS/SBRT, Winston-Lutz
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Development of In-House Winston-Lutz Software for the XVI Ballbearing Phantom

Mehmet Ertugrul Ertiirk!, Hikmet Cagan ister

'MNT Health Services

Abstract: In stereotactic radiosurgery and stereotactic radiotherapy performed with linear accelerators,
deviations of the isocenter at different gantry, collimator, and couch rotation angles are expected to remain
within a circle of 1 mm radius. In addition, to ensure the required accuracy, the imaging isocenter must be
aligned with the linear accelerator isocenter. To evaluate this alignment, in-house software was developed.
The software utilizes images acquired at nine different gantry, collimator, and couch angle combinations, as
listed in Table 1, by positioning the XVI ballbearing phantom with different imaging modalities. It calculates
the distance of each image center to the treatment isocenter. 3 cm x 3 cm irradiation field was used. The
software was tested on a newly installed linear accelerator. The positioning of the opaque sphere within the
test phantom was performed using MV portal imaging. The results obtained in the test conducted in the days
following the acceptance tests were compared with the results from the acceptance tests. The analysis
demonstrated that the maximum deviation, including couch angle variations, was calculated to be less than 1
mm.This method enables the periodic verification of the isocenter. Furthermore, it allows for the assessment
of the alignment between the treatment isocenter and the isocenters of different imaging modalities. However,
uncertainties increase from the use of different imaging systems should be included in the acceptance criteria.
With its detailed reporting capability, the software provides users with information on under which
measurement conditions the limits are exceeded. The software is not intended as a calibration tool but rather
serves to inform medical physicists about the accuracy of the isocenter and when realignment may be required.

Tablel
Gantry (°) Collimator (°) Couch (%)
Set 1 0 0 0
Set 2 90 0 0
Set 3 180 0 0
Set 4 270 0 0
Set 5 0 90 0
Set 6 0 180 0
Set 7 0 270 0
Set 8 0 0 90
Set 9 0 0 270

Irradiation angles for Winston- Lutz test

Keywords: In-house QA software, SRS/SBRT, Winston-Lutz
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AlignRT’ nin Tedavi Siirecinde Sagladigi Konumlandirma Dogrulugunun CBCT ile
Degerlendirilmesi

Ercan ilkiz', Kader Altun', Ozlem Tiiysiiz', Emre Yilmaz', Omer Yartas1', Biisra Celik!, Umut Cakar',
Hande Ayata'

"WM Ozel Medicalpark Pendik Hastanesi

Ozet: AMAC: Bu galismanin amaci, Align RT yiizey takip sisteminin tedavi boyunca hasta pozisyonunu ne
kadar dogrulukla analiz ettigini tedavi Oncesi ve sonrasi alman CBCT goriintiileri ile karsilastirarak
degerlendirmektir. YONTEM: Bu ¢aligmaya WM Medical Park Pendik hastanesi Radyasyon Onkolojisi
boliimiinde tedavi edilmis 20 sol meme hastasi dahil edilmistir. Her fraksiyon oncesi Align RT ile hasta
pozisyonlamasi yapildiktan sonra tedavi 6ncesi CBCT goriintiileri hastanin tedavisinde oldugu gibi derin
inspiryumda alindi ve farkliliklar kaydedildi. Tedavi boyunca Align RT ile hastanin tedavisi derin
inspiryumda takip edilerek tedavisi tamamlandi. Tedavi bitiminde ise yine derin inspiryumda CBCT g¢ekilerek
tedavi boyunca hasta pozisyonunun Align RT’nin rehberliginde iletilen tedavideki pozisyon dogrulugu
durumu analiz edildi. BULGULAR: Align RT ile CBCT arasindaki transyasyonel (x,y,z eksenleri) farkliliklar
ii¢ eksende ortalama +SD (x:0.8+1.2 mm, y:3.7+1.3 mm, z:0.9+1.1 mm) olarak bulundu. Rotasyonel sapmalar
ise 0.5°nin altinda seyretti. Tedavi sonras1 CBCT’ de ise intrafraksiyonel hareketin Align RT ile yiiksek
korelasyon gosterdigi (R? > 0.8) saptandi.SONUC: Align RT tedavi boyunca hasta pozisyonunu giivenilir
sekilde izleyebilmekte ve CBCT dogrulamasina yakin hassasiyet saglamaktadir. Bu nedenle giinliik CBCT
ithtiyacini azaltmada tamamlayici bir yontem olarak klinik rutine dahil edilebilir.

Anahtar Kelimeler: Yiizey takip radyoterapisi, DIBH, CBCT
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Abstract No: 1212
Publish No: EP023
Abstract Group: Radiotherapy / Surface Tracking Systems in Radiotherapy

Evaluation of Patient Positioning Accuracy with AlignRT During Radiotherapy Verified by
CBCT

Ercan ilkiz', Kader Altun', Ozlem Tiiysiiz', Emre Yilmaz', Omer Yartasi', Biisra Celik!, Umut Cakar',
Hande Ayata'

"WM Private Medicalpark Pendik Hospital

Abstract: The purpose of this study is to evaluate how accurately the AlignRT surface guidance system
analyzes patient positioning throughout the treatment course by comparing it with pre- and post-treatment
CBCT images. METHODS:This study included 20 left-sided breast cancer patients treated in the Department
of Radiation Oncology at VM Medical Park Pendik Hospital. For each treatment fraction, patient positioning
was first performed using AlignRT. Subsequently, a pre-treatment CBCT scan was acquired in deep
inspiration breath-hold (DIBH), consistent with the treatment setup, and any positional differences were
recorded. During treatment delivery, the patient’s position was continuously monitored by AlignRT under
DIBH conditions. At the end of treatment, a post-treatment CBCT was also acquired in DIBH to analyze the
positional accuracy of AlignRT-guided treatment delivery.RESULTS:The translational differences (x, y, z
axes) between AlignRT and CBCT were found to be mean + SD (x: 0.8 £ 1.2 mm, y: 3.7+ 1.3 mm, z: 0.9 +
1.1 mm). Rotational deviations remained below 0.5°. Post-treatment CBCT analysis showed a high correlation
(R? > 0.8) between intrafractional motion and AlignRT monitoring. CONCLUSION:AlignRT can reliably
monitor patient positioning throughout the treatment process, providing an accuracy comparable to CBCT
verification. Therefore, it can be considered a complementary technique to reduce the need for daily CBCT
imaging in clinical routine.

Keywords: Surface Guided Radiotherapy, DIBH, CBCT
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Bildiri No: 8161
Yayimn No: EP024
Bildiri Grubu: Radyoterapi / Radyoterapide Tedavi Planlama

Intrakranial Metastatik Tiimorlii Hastalarin Hipofraksiyone Gamma Knife ve Linac Tabanl
Radyocerrahi Tedavi Planlanlarinda Hipokampus Dozlarimin Karsilastirilmasi

Ozlem Dagli', Esil Kara?, Hanifi Eren Canbolat?

'Gazi Universitesi Tip Fakiiltesi Norosirurji Anabilim Dali Gamma Knife Unitesi
’Losante Hastanesi, Radyasyon Onkolojisi Boliimii
3Gazi Universitesi Tip Fakiiltesi, Radyasyon Onkolojisi Anabilim Dal

Ozet: OzetBu galismanin amaci, metastatik beyin tiimérlerinin tedavisinde kullanilan Gamma Knife(GK) ve
Lineer Hizlandirict (LINAC) tabanli fraksiyone radyocerrahi (FRX SRS) planlamalarinin retrospektif olarak
incelenmesi ve bu planlamalar sirasinda hipokampusun maruz kaldigi dozlarin karsilagtirmali analizinin
yapilmasidir.Meteryal metod:Caligmada, Gazi Universitesi Tip Fakiiltesi Gamma Knife Unitesindeki 24 beyin
metastazli hastanin, GK tedavi planlamalarinda 27 Gy 3 fraksiyon % 50 1sodoz hacmi kapsayacak sekilde
planlamalar1 yapilmistir. Daha sonra ayni hacimlere GK planlarina uygun tiimdr dozu elde edilecek sekilde
Eclipse planlama sistemi kullanilarak Linac tabanli SRS planlar1 yapilmistir. Optimizasyon ve hesap
islemlerinden sonra her bir planlanan hedefin ve hipokampusun aldig1 dozlar doz voliim histogrami (DVH)
yardimiyla incelenmistir. Planlamalar yapilirken ilk etapta hipokampus korumas: yapilmamistir.Bulgular:
Genel olarak, Gamma Knife, hipokampus i¢in daha diisiik doz riski sunuyor; 6zellikle metastaz sayis1 az ve
hipokampusla mesafe yeterliyse. LINAC tabanli sistemlerde dozlar daha yiiksek olma egiliminde, fakat uygun
planlama ve teknikleriyle bu riskler azaltilabilir. Ayrica, Hem GK hem de LINAC tabanli SRS planlarinda
hipokampusu risk organi (organ at risk, OAR) olarak belirleyip reoptimize etme ile dozu 6nemli 6l¢iide
diistirmek miimkiin. Hipokampusla olan yakinlik (metastazin hipokampusa mesafesi), toplam hedef hacmi
gibi faktorler “yiiksek hipokampus dozu” olusma riskini artirtyor. Sonug: Norokognitif etkiler agisindan hangi
hipokampus tolerans dozunun hangi klinik sonuglarla iliskili oldugu halen tam olarak netlik kazanmamustir.
Doz - cevap iliskisi lizerine daha fazla veriye ihtiya¢c bulunmaktadir. Hedef hacmin hipokampusa yakin
yerlesimli oldugu durumlarda, gama-knife (GK) 6ncelikli bir segenek olarak degerlendirilebilir. Bununla
birlikte, lineer akselerator (LINAC) ile gergeklestirilen planlamalarda da yeterli teknik kalite saglandigi
takdirde, hipokampus dozu kabul edilebilir sinirlar igerisinde tutulabilir.
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Tablo 1
Gamma Khnife Linac
Hasta no| Yerlesim Yeri |Dmax(cGYy) Viay V20Gy |Dmax (¢Gy)| Vicy | Vaocy
I Sol temporal a2 | 73 2 Iﬁ; 0.6 1 0 | 3550 | 33 | o
2 Sol serebbellar 20 0 0 117,5 0 0
3 Sol serebeller2 80 0 0 99,9 0 0
4 Frontal 2700 0 0 269,8 0 0
5 Temporal 110 0 0 127,5 0 0
6 Frontal 50 0 0 479 0 0
7 Sag oksipital 280 0 0 267,1 0 0
8 Sag frontal 10 0 0 69,1 0 0
9 Sag frontotemporal 20 0 0 114,4 0 0
10 Sol oksipital 70 0 0 88,3 0 0
11 Sag serebellar 80 0 0 70,4 0 0
12 Sag temporal 270 0 0 354,8 6,80% 0
13 Sag frontal 50 0 0 80,9 0 0
14 Sag temporal 660 %2Z£; 0.4 0 617,3 53,90% 0
15 Sag serebellar 90 0 0 90,7 0 0
16 Frontal 10 0 0 36,9 0,00% 0
17 Sag frontal 30 0 0 110,4 0,00% 0
18 Sol temporal 430 24%-0,4cm®| 0 99,2 0 0
19 Sol frontal 20 0 0 23 0,00% 0
20 Sag temporal 40 0 0 18,2 0 0
21 Sag frontotemporal 10 0 0 36,3 0,00% 0
22 Sol serebeller 180 0 0 93,6 0 0
23 Sag oksipital 140 0 0 181 0,00% 0
24 Sag oksipital 500  |%65-0,88 cm®| 0 573 98% 0

Intrakraniyal metastatik tiimorlii hastalarda hipofraksiyone Gamma Knife ve LINAC tabanli radyocerrahi
planlamalarinda hipokampus dozlarinin karsilastirilmasi

Anahtar Kelimeler: Gamma Knife, Lineer Hizlandirici, Fraksiyone Radyocerrahi, Hipokampus Dozu
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Abstract No: 8161
Publish No: EP024
Abstract Group: Radiotherapy / Treatment Planning in Radiotherapy

Comparison of Hippocampus Doses in Hypofractionated Gamma Knife and Linac-Based
Radiosurgical Treatment Plans for Patients with Intracranial Metastatic Tumors

Ozlem Dagli', Esil Kara?, Hanifi Eren Canbolat?

!Gazi University Faculty of Medicine Neurosurgery Department Gamma Knife Unit
’Losante Hospital, Department of Radiation Oncology
3Gazi University Faculty of Medicine, Department of Radiation Oncology

Abstract: Abstract:The aim of this study is to retrospectively evaluate fractionated radiosurgery (FRX SRS)
treatment plans using Gamma Knife (GK) and Linear Accelerator (LINAC)-based systems in the treatment of
metastatic brain tumors, and to perform a comparative analysis of the radiation doses received by the
hippocampus during these treatment plans. Materials and Methods:In this study, treatment plans of 24 patients
with brain metastases treated at the Gamma Knife Unit of Gazi University Faculty of Medicine were evaluated.
GK plans were created to deliver 27 Gy in 3 fractions, covering the target volume with the 50% isodose line.
Subsequently, LINAC-based SRS plans were generated using the Eclipse treatment planning system for the
same target volumes, ensuring tumor dose equivalence with the GK plans. After optimization and dose
calculations, the doses received by each target and the hippocampus were analyzed using dose-volume
histograms (DVHs). In the initial planning phase, no hippocampal sparing was applied.Results:Overall,
Gamma Knife tends to deliver lower radiation doses to the hippocampus, especially when the number of
metastases is low and the distance to the hippocampus is sufficient. LINAC-based systems tend to result in
higher hippocampal doses; however, with appropriate planning and techniques, these risks can be mitigated.
Furthermore, in both GK and LINAC-based SRS plans, it is possible to significantly reduce the hippocampal
dose by re-optimizing the plans with the hippocampus defined as an organ at risk (OAR). Factors such as
proximity of the metastasis to the hippocampus and total target volume increase the risk of higher hippocampal
dose exposure.Conclusion: The exact clinical consequences of specific hippocampal dose thresholds regarding
neurocognitive effects remain unclear. More data on the dose-response relationship is needed. In cases where
the target is located near the hippocampus, Gamma Knife may be considered as the preferred modality.
However, with sufficiently high-quality planning, hippocampal doses can also be kept within acceptable limits
in LINAC-based systems.
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Table 1
Gamma Knife Linac
:;g::g Location Dmax (cGYy) Viay V20Gy [Dmax (¢GYy)| Vicy | V2cy
1 Left temporal 422 %3(5:£; 0.6 0 355,2 3,3 0
2 Left cerebellar 20 0 0 117,5 0 0
3 Left cerebellar2 80 0 0 99,9 0 0
4 Frontal 2700 0 0 269,8 0 0
5 Left temporal 110 0 0 127,5 0 0
6 Frontal 50 0 0 47,9 0 0
7 Right occipital 280 0 0 267,1 0 0
8 Right frontal 10 0 0 69,1 0 0
9 Right frontotemporal 20 0 0 114,4 0 0
10 Left oksipital 70 0 0 88,3 0 0
11 Right serebellar 80 0 0 70,4 0 0
12 Right temporal 270 0 0 354,8 6,80% 0
13 Right frontal 50 0 0 80,9 0 0
14 Right temporal 660 %22;1213_ 0.4 0 617,3 53,90% 0
15 Right serebellar 90 0 0 90,7 0 0
16 Frontal 10 0 0 36,9 0,00% 0
17 Right frontal 30 0 0 110,4 0,00% 0
18 Left temporal 430 24%-04cm’| 0 99,2 0 0
19 Left frontal 20 0 0 23 0,00% 0
20 Right temporal 40 0 0 18,2 0 0
21 Right frontotemporal 10 0 0 36,3 0,00% 0
22 Left serebeller 180 0 0 93.6 0 0
23 Right oksipital 140 0 0 181 0,00% 0
24 Right oksipital 500  |%65-0,88 cm®| 0 573 98% 0

Comparison of hippocampus doses in hypofractionated Gamma Knife and LINAC-based radiosurgery
planning in patients with intracranial metastatic tumors

Keywords: Gamma Knife, Linear Accelerator, Fractionated Radiosurgery, Hippocampus Dose
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Bildiri Grubu: Radyoterapi / Radyoterapide 3B Printer Uygulamalar1

Orbita Cildi Yerlesimli SCC’de Hastaya Ozgii Fantom Tabanli ve Yapay Zeka Destekli
Tedavi Plan1 ve Bolus Secimi: Cok Merkezli Yenilik¢i Bir Yaklasim

Taha Erdogan!, Ebrar Bezirganoglu?, Mehmet Demirtas®

! Afyonkarahisar Saglik Bilimleri Universitesi Tip Fakiiltesi, Radyasyon Onkolojisi Anabilim Dals,
Afyonkarahisar, Tiirkiye

?Kolan Uluslararas1 Hastanesi, Radyasyon Onkolojisi Boliimii, Istanbul, Tiirkiye

3Inénii Universitesi Tip Fakiiltesi, Radyasyon Onkolojisi Anabilim Dal1, Malatya, Tiirkiye

Ozet: Bu calisma, ChatGPT-4 (Open Al, San Francisco, ABD) gibi yapay zeka (AI) tabanh sistemlerin tibbi
kararlarda giivenilirligini destekleyen bulgular 1s1ginda, orbita cildi skuamoz hiicreli karsinom (SCC) tedavisinde
farkl1 bolus materyallerinin etkinligini degerlendirmeyi amaglamaktadir. Calismanin ilk asamasinda, tedavisi
tamamlanmis orbita SCC olgusu icin Dijital Goriintiileme ve Tip Iletisimi (DICOM) verileri MIMICS v.19
(Materialise, Leuven, Belcika) yazilimina aktarilmis ve hastaya 6zgii kafatas1 fantomu 3B yazici ile iiretilmistir.
Anatomik model, 1,22 g/cm? yogunluga sahip STH filament ile Diamond DT3X cihazinda birlestirilmis istifleme
modelleme (CSM) teknigi kullanilarak basilmis, ardindan parafin mumu ile doldurularak beyin dokusu simiile
edilmistir. Fantom, 0,5 cm’lik standart bolus ile sarilarak bilgisayarli tomografi taramalarina hazirlanmis ve sol
orbita bosluguna farkli bolus materyalleri (toz bolus, piring, parafin, ultrason jeli, vazelin, silikon) uygulanarak
ayr1 ayr goriintiileme yapilmustir (Sekil 1 A-G).ikinci asamada, elde edilen veri setleri ii¢ farkli planlama sistemi
(Monaco, Eclipse, Volo U) ile olusturulmus ve yapay zekd tabanli analiz yontemleriyle karsilastirilmistir.
Konformite indeksi (CI) ve homojenite indeksi (HI) degerlerine gore Volo U sistemi en yiiksek konformiteyi (CI:
1,11-1,34) ve kabul edilebilir homojeniteyi (HI: 1,03—1,08) fakat en yiiksek Monitor Unit (MU) kullanmistir.
Kritik organ dozlarinin karsilagtirilmasinda Volo U, Monaco ve Eclipse’e kiyasla daha diisiik maruziyet sunmustur.
Ozellikle ultrason jeli, lens (448 cGy) ve sag koklea (8,75 cGy) icin en diisiik dozlar1 saglamis; piring ise kiazma
ve sol koklea korunmasinda avantaj gostermistir.Sonug olarak, hasta 6zgii fantom tabanli bu degerlendirmeler,
ultrason jelinin en uygun bolus materyali oldugunu ortaya koymustur. Volo U planlama sistemi ile birlikte
kullanildiginda kritik organ korunumu ve hedef hacim kapsami agisindan klinik olarak en avantajli kombinasyonu
sunmaktadir. Bulgular, kisisellestirilmis bolus tasarimlarinin yapay zeka destekli planlama ile birlestirilmesinin
cilt timorlerinde yenilikei, giivenilir ve etkili bir strateji olabilecegini gdstermektedir.

Sekil 1. Hastanin goriintiisii (A), tedavisinde kullanilan toz bolus (B), piring (C), parafin (D), ultrason jeli
(E), vazelin (F) ve kartus silikon (G) fantomun sol orbita ¢cukuruna ayr1 ayr1 dolduruldu.

Anahtar Kelimeler: Scc, Fantom, Volo Ultra, Eclipse, Monaco
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Abstract No: 3766
Publish No: EP025
Abstract Group: Radiotherapy / 3B Printer Applications in Radiotherapy

Patient-Specific Phantom-Based and Artificial Intelligence-Supported Treatment Planning and
Bolus Selection in Orbital Skin Squamous Cell Carcinoma: A Multicentre Innovative Approach

Taha Erdogan', Ebrar Bezirganoglu?, Mehmet Demirtas’

"Medical School of Afyonkarahisar Health Sciences University, Department of Radiation Oncology,
Afyonkarahisar, Turkey

2Kolan International Hospital, Department of Radiation Oncology, ‘Istanbul, Turkey

3Medical School of Inonu University, Department of Radiation Oncology, Malatya, Turkey

Abstract: This study aims to evaluate the efficacy of different bolus materials in the treatment of squamous cell
carcinoma (SCC) of the orbital skin, in light of findings supporting the reliability of artificial intelligence (AI)-
based systems such as ChatGPT-4 (Open Al, San Francisco, USA) in medical decision-making. In the first phase
of the study, Digital Imaging and Communications in Medicine (DICOM) data for a completed case of orbital SCC
were transferred to MIMICS v.19 (Materialise, Leuven, Belgium) software, and a patient-specific skull phantom
was produced using a 3D printer. The anatomical model was printed using the combined stacking modelling (CSM)
technique with STH filament with a density of 1.22 g/cm?® on a Diamond DT3X device, then filled with paraffin
wax to simulate brain tissue. The phantom was wrapped with a standard 0.5 cm bolus and prepared for computed
tomography scans. Different bolus materials (powder bolus, rice, paraftin, ultrasound gel, petroleum jelly, silicone)
were applied to the left orbital cavity, and separate imaging was performed (Figure 1 A-G).In the second stage, the
obtained data sets were generated using three different planning systems (Monaco, Eclipse, Volo U) and compared
using artificial intelligence-based analysis methods. According to the conformity index (CI) and homogeneity
index (HI) values, the Volo U system had the highest conformity (CI: 1.11-1.34) and acceptable homogeneity (HI:
1.03—1.08) but used the highest Monitor Unit (MU). In the comparison of critical organ doses, Volo U provided
lower exposure compared to Monaco and Eclipse. In particular, it provided the lowest doses for ultrasound gel,
lens (448 cGy) and right cochlea (8.75 cGy); brass showed an advantage in protecting the chiasm and left cochlea.In
conclusion, these patient-specific phantom-based evaluations demonstrated that ultrasound gel is the most suitable
bolus material. When used in conjunction with the Volo U planning system, it offers the clinically most
advantageous combination in terms of critical organ protection and target volume coverage. The findings suggest
that combining personalised bolus designs with artificial intelligence-assisted planning could be an innovative,
reliable, and effective strategy for skin tumours.

Figure 1. The patient's image (A), powder bolus (B), rice (C), paraffin (D), ultrasound gel (E), petroleum jelly (F) and
cartridge silicone (G) used in the treatment were filled separately into the phantom's left orbital cavity.

Keywords: Scc, Phantom, Volo Ultra, Eclipse, Monaco
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Bildiri No: 2179
Yayimn No: EP026
Bildiri Grubu: Radyoterapi / Radyoterapide Dozimetri

Delta4 & RadCalc’in Klinik Kullanimi ve Karsilagtirmali Degerlendirme
Gizem Var!
zmir Sehir Hastanesi

Ozet: Bu calisma, stereotaktik radyoterapi (SRS), Stereotaktik Viicut Radyoterapisi SBRT, Endometrium ve
Akciger gibi farkli anatomik bolgelerde uygulanan radyoterapi planlarinin kalite giivencesi (QA) siireclerinde
kritik 6neme sahip olan iki farkli QA sisteminin—analitik hesaplama temelli RadCalc ve olgiime dayali
Delta4—dozimetri performanslarin1 detayli ve kapsamli bir sekilde karsilastirmayr amaglamaktadir. Farkl
alan biytikliiklerine sahip klinik planlar {izerinden yiiriitilen bu degerlendirme, her iki sistemin doz
dogrulugu, hassasiyeti ve klinik uygulamadaki gilivenilirligi baglaminda derinlemesine incelenerek,
radyoterapi QA siireclerinde daha etkin ve giivenilir bir yontem secimine 151k tutmay1 hedeflemektedir. Klinik
verilerle sistemin dogrulugunun periyodik degerlendirilmesi amaglanmaigtir.

her iki sistemin degerlendirilmesi
e ;

her iki sistemin degerlendirilmesi

Ornek QA Verileri Karsilastirma Tablosu

Hasta Grubu Hasta Sayisi II){:sflsC(E(:/l(SGamma g/lot)a4 Gamma Pass
SRS 10 98,5 99,2

SBRT 10 98,1 99.5

Akciger 10 97 99.8

Endometrium 10 95,6 99,3

TOPLAM 40 97,3 99,45

Anahtar Kelimeler: Delta4, Stereotaktik Viicut Radyoterapisi ,Stereotaktik Radyocerrahi, Kalite giivence
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Abstract No: 2179
Publish No: EP026
Abstract Group: Radiotherapy / Dosimetry in Radiotherapy

Clinical Use and Comparative Evaluation of Delta4 & RadCalc

Gizem Var!

zmir City Hospital

Abstract: This study aims to comprehensively compare the dosimetric performance of two critical QA
systems used in quality assurance (QA) processes for radiotherapy plans applied to different anatomical sites,
including stereotactic radiosurgery (SRS), Stereotactic Body Radiation Therapy ( SBRT) ,Endometrium, and
Lung: the analytical calculation-based RadCalc and the measurement-based Delta4. Conducted across clinical
plans with varying field sizes, this evaluation thoroughly investigates the dose accuracy, precision, and clinical
reliability of both systems, aiming to provide insight for selecting more effective and dependable QA methods

in radiotherapy practice. The aim is to periodically assess the accuracy of the system using clinical data

Evaluation of both systems

Evaluation of both systems

Sample QA Data Comparison Table

Patient Group Number of Patients ;R):;lsC(i/l(SGamma ;R):;isC(zz/l(S Gamma
SRS 10 98,5 99,2

SBRT 10 98,1 99,5

Lung 10 97 99,8
Endometrium 10 95,6 99,3

TOTAL 40 97,3 99,45

Keywords: Delta4, SBRT, SRS, Quality Assurance (QA)

92



2 O Ulusal Medikc'ﬂﬂ\@)
@

Fizik Kongresk ) &

6-9 Kasim 2025

Pine Bay Holiday Resort, Kusadasi / AYDIN / % A

Bildiri No: 5655
Yayin No: EP027
Bildiri Grubu: Radyoterapi / Radyoterapide Tedavi Planlama

Prostat Kanseri Radyoterapisinde Giinliik Mesane Voliim Degisikliklerinin Akut
Genitoiiriner Sistem Toksisitesi Gelisimi Uzerine Etkisi

Gamze Boz!, irem Yiiksel', Ayfer Ay Eren!
Kartal Dr. Liitfi Kirdar Sehir Hastanesi Radyasyon Onkolojisi

Ozet: Amag: Prostat kanseri radyoterapisi (RT) planlanan hastalarda, mesane ve incebagirsak iizerindeki
dozun azaltilmasi hedeflenerek, tedavinin toksisitesini en aza indirmek i¢in mesanenin dolu olmasi tercih
edilmektedir. Yogunluk ayarli radyoterapi (IMRT) ve goriintii-kilavuzlu RT(IGRT)gibi ileri tekniklerin
kullanimi, ¢evredeki normal dokuyu korurken prostat bolgesine yiiksek dozda radyoterapi uygulanmasina
olanak saglayarak, progresyonsuz sagkalim ve lokal, biyokimyasal kontrolii iyilestirmistir. Bu ¢alismada,
prostat kanseri nedeniyle uygulanan radyoterapi sirasinda gilinliik mesane hacim degisikliklerinin akut
genitoiiriner sistem toksisitesi lizerindeki etkisi incelenmistir. Gere¢ ve yontem: Ocak-Aralik 2020 arasinda
IG-IMRT teknigi ile tedavi edilen 82hasta calismaya dahil edilmistir. Tedavi planlamas: sirasinda ¢ekilen
tomografide ve her tedavi gliniinde, hastalarin rektumlar1 bosken-1,5litre su ictikten 45-60 dakika sonra dolu
mesane(200-mesane (islem yapilmistir. Tedavi sirasinda, sonraki 3aylik siiregte CTCAE ve RTOG toksisite
kriterlerinden yararlanilarak akut toksisite degerlendirmesi yapilmistir. Biitlin hastalara giinliik KV portlar
cekilerek mesane hacimleri konturlanmistir. Doz-voliim histogramlarindan (DVH) mesane hacimleri ve
dozlarimin maksimum, minimum, medyan, mean degerleri ile V78,V70,V65,V60,V50,V40 alan mesane
ylizdeleri belirlenmistir. PTV dozlarinin maksimum, minimum, medyan, mean degerleri ve
D98%,D50%,D2% degerleri hesaplanmistir. Hastalarin DVH verileri, genitoiiriner toksisite verileri, evre,
grade, Gleason skorlari, PSA degerleri ve uygulanan tedaviler birlikte degerlendirilmistir. Analiz SPSS26
yapilmis olup,p<0.05 degeri istatistiksel olarak anlamli kabul edilmistir. Bulgular: Medyan yas70,5(57-83)
olarak belirlenmistir. Hastalarin %75’1 Gleasonskoru<8 ve %386,6's1 evrel-2 olarak siniflandirilmistir.
DefinitifRT 65-hastaya uygulanirken,17hasta cerrahi sonrast RT almistir. Medyan toplam RT dozu
78Gy,fraksiyon sayis1 ise 39 olarak tespit edilmistir. Akut genitoliriner yanetkiler %42,7 oraninda
gozlemlenmis olup,25hastada gradl,10 hastada grad2 olarak kaydedilmistir. Hi¢bir hastada grad3 veya tistii
yan etki gelismemis, tedaviye ara verilmemistir. Akut gastrointestinal yan etki yalnizca 3hastada goriilmiistiir.
Her hasta i¢in ortalama 32,85+6,97 port ¢ekimi yapilmistir. Akut genitoiiriner toksisitesi olan hastalarda
genel(p=0,004),niikssiiz(p=0,01) sagkalim siireleri, toksisite olmayanlara gore anlamli derecede yiiksek
bulunmustur. Mesane hacim degerleri, akut genitoiiriner toksisite arasinda anlamli bir iligki saptanmamustir.
Cerrahi ile akut toksisite arasinda istatistiksel olarak anlamli bir fark bulunmamistir(p=0.13). Sonug: Prostat
kanseri radyoterapisinde, tedavi sirasinda mesanenin her giin ayni sekilde dolmasini saglamak ve dolulugunu
korumak yaygin bir sorundur. Calismamizda, doktor kontroliinde giinliik setup yapilan IG-IMRT uygulanan
hastalarda mesane hacmindeki degisikliklerin akut genitoliriner toksisiteyi arttirmadig1 gosterilmistir. Tedavi
uyumu olmayan veya mesanesini yeterince dolduramayan hastalarda gelismis radyoterapi teknikleri
sayesinde, giinliik setup yapilarak RT uygulanabilir.

Anahtar Kelimeler: prostat kanseri, mesane hacimleri, genitoliriner toksisite
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The Effect of Daily Bladder Volume Changes on the Development of Acute Genitourinary
System Toxicity in Prostate Cancer Radiotherapy

Gamze Boz!, irem Yiiksel', Ayfer Ay Eren!
Kartal Dr.Liitfi Kirdar City Hospital Radiation Oncology

Abstract: Objective:In patients scheduled for prostate cancer radiotherapy(RT),a full bladder is preferred to
minimize treatment toxicity,aiming to reduce the dose to the bladder and small intestine.The use of advanced
techniques suchas intensity-modulated radiotherapy(IMRT) and image-guided RT(IGRT) has improved
progression-free survival and local biochemical control by allowing high-dose radiotherapy to be delivered to
the prostate region while preserving surrounding normal tissue.This study investigated the effect of daily
bladder volume changes on acute genitourinary system toxicity during radiotherapy for prostate
cancer.Materials and Methods:82patients treated with the IG-IMRT technique between January—December
2020 were included in the study.During the tomography scan taken for treatment planning,on each treatment
day,patients were treated with a full bladder (200-300cc),45—60 minutes after drinking 1.5liters of water,with
an empty rectum.Acute toxicity assessment was performed using CTCAE and RTOG toxicity criteria during
treatment and for 3 months thereafter.Daily KV -ports were taken for all patients, and bladder volumes were
contoured. Bladder volumes and maximum minimum,median,mean doses, as well as the percentages of
bladder receiving V78,V70,V65,V60,V50,V40 were determined from dose-volume
histograms(DVH).Maximum,minimum,median,mean PTVdoses,D98%,D50%,D2%values were
calculated.Patients DVH data,genitourinary toxicity data,stage,grade,Gleason-scores,PSA values,treatments
applied were evaluated collectively.Analysis was performed using SPSS26,withp<0.05 considered
statistically ~ significant.Results:Median age was 70.5(range:57-83).75% of patients had a
Gleasonscore<8,86.6% were stage 1-2.Definitive RT was applied to 65 patients,17 received RT after
surgery.Median total RT dose was 78Gy in 39fractions.Acute genitourinary side effects occurred in
42.7%,recorded as Gradel in 25patients,Grade2 in 10.No Grade3 or higher toxicities occurred,treatment was
uninterrupted.Acute gastrointestinal side effects were observed in only 3patients.An average of
32.85£6.97port images were taken per patient.Overall(p=0.004),recurrence-free survival(p=0.01)were
significantly higher in patients with acute genitourinary toxicity compared to those without.Bladder volume
values were found to be high.No significant relationship was found between bladder volume changes and
acute genitourinary toxicity.No statistically significant difference was observed between post-surgery RT and
acute toxicity(p = 0.13).Conclusion:Inprostate cancer radiotherapy,ensuring,maintaining consistent bladder
filling each day during treatment remains a challenge Our study showed that bladder volume changes did’nt
increase acute genitourinary toxicity in patients receiving IG-IMRT with daily physician-supervised
setups.Advanced-radiotherapy techniques support daily image-guidedRT in patients with poor bladder
compliance or difficulty maintaining bladder filling.

Keywords: prostate cancer, bladder volumes, genitourinary toxicity
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Radixact Cihazinda Bilateral Meme Isinlamalari i¢in Ug Farkli Planlama Tekniginin
Dozimetrik A¢idan Karsilastirilmasi

Ozlem Goksel', Evren Ozan Goksel', Zeynep Ozen?, Halil Kiigiiciik?

'Acibadem MAA Universitesi SHMYO Radyoterapi Programi
?Acibadem Altunizade Hastanesi, Radyasyon Onkolojisi Boliimii

Ozet: Amagc: Bilateral meme 1sinlamalari, genis hedef hacmi ve kritik organlara yakinlik nedeniyle
radyoterapi pratiginde en kompleks uygulamalardan biridir. Bu ¢alismanin amaci, Radixact cihazi ile bilateral
meme kanseri tedavisinde uygulanabilen {i¢ farkli helikal tomoterapi planlama tekniginin hedef hacim
kapsami ve kritik organ korunmasi agisindan dozimetrik olarak karsilagtirilmasidir. Yontem: Calismaya gii¢
analizi sonucuna gore 15 bilateral meme kanseri hastasi eklenmistir. Planlar, Volo ultra tedavi planlama
sisteminde olusturulmustur. Tiim planalarda ayni normal doku korumasi parametreleri kullanilmistir. Her
hasta i¢in li¢ farkli planlama teknigi (PT) (PT1: Papyon arklar, PT2: Parsiyel arklar, PIT3: Tam arklar)
kullanilarak toplam 45 plan olusturulmustur. Planlar, hedef hacimlerin (PTV) doz kapsami, homojenite
indeksi (HI), konformite sayis1 (CN) ve kritik organlar (OAR) dozlar1 bakimindan karsilagtirilmistir. Friedman
testi ile genel farkliliklar analiz edilmis, anlamli bulunan parametreler icin Wilcoxon post-hoc testleri
uygulanmigtir. Bulgular: PTV agisindan HI ve CN degerlerinde teknikler arasinda olarak anlamli fark bulundu
(HI i¢in p = 0.0045, CN i¢in p = 0.0091). PT3, hem daha homojen doz dagilimi hem de daha yiiksek
konformite ile 6ne ¢ikti.Kalp Dmean agisindan teknikler arasinda anlaml fark saptandi (p = 0.0468). PT1 ve
PT2 ile kalp Dmean PT3’e gore daha diisiik bulunmustur, ancak ikili karsilastirmalarda fark sinirda
anlamliydi. Akciger dozu agisindan; ortalama (p = 0.0193), V10Gy (p = 0.0272), ve V5Gy (p = 0.0272)
parametrelerinde teknikler arasi farklar anlamliydi. PT2 diger iki teknikten daha iyi akciger korumasi
saglamistir.Spinal cord Dmax (p = 0.0272) ve karaciger ortalama dozu (p = 0.0272) i¢in de anlaml farklar
gozlemlendi. Spinal cord korumasinda PTI, karaciger korumasinda PT3 daha iyi bulunmustur. Sonug:
Radixact cihazi ile bilateral meme 1s1nlamasi planlamalarinda {i¢ teknik arasinda hem hedef kapsama hem de
organ korumasi agisindan anlamli farklar mevcuttur. PT3, daha homojen ve konform doz dagilimi ile 6ne
cikarken, PT1 ve PT2 teknikleri ile daha iyi organ korumasi saglanabildigi gortilmustiir.

Anahtar Kelimeler: Bilateral meme
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Radixact Cihazinda Bilateral Meme Isinlamalari i¢in Ug Farkli Planlama Tekniginin
Dozimetrik A¢idan Karsilastirilmasi

Ozlem Goksel', Evren Ozan Goksel', Zeynep Ozen?, Halil Kiigiiciik?

'Acibadem MAA Universitesi SHMYO Radyoterapi Programi
?Acibadem Altunizade Hastanesi, Radyasyon Onkolojisi Boliimii

Abstract: Amag: Bilateral meme 1sinlamalari, genis hedef hacmi ve kritik organlara yakinlik nedeniyle
radyoterapi pratiginde en kompleks uygulamalardan biridir. Bu ¢alismanin amaci, Radixact cihazi ile bilateral
meme kanseri tedavisinde uygulanabilen {i¢ farkli helikal tomoterapi planlama tekniginin hedef hacim
kapsami ve kritik organ korunmasi agisindan dozimetrik olarak karsilagtirilmasidir. Yontem: Calismaya gii¢
analizi sonucuna gore 15 bilateral meme kanseri hastasi eklenmistir. Planlar, Volo ultra tedavi planlama
sisteminde olusturulmustur. Tiim planalarda ayni normal doku korumasi parametreleri kullanilmistir. Her
hasta i¢in li¢ farkli planlama teknigi (PT) (PT1: Papyon arklar, PT2: Parsiyel arklar, PIT3: Tam arklar)
kullanilarak toplam 45 plan olusturulmustur. Planlar, hedef hacimlerin (PTV) doz kapsami, homojenite
indeksi (HI), konformite sayis1 (CN) ve kritik organlar (OAR) dozlar1 bakimindan karsilagtirilmistir. Friedman
testi ile genel farkliliklar analiz edilmis, anlamli bulunan parametreler icin Wilcoxon post-hoc testleri
uygulanmigtir. Bulgular: PTV agisindan HI ve CN degerlerinde teknikler arasinda olarak anlamli fark bulundu
(HI i¢in p = 0.0045, CN i¢in p = 0.0091). PT3, hem daha homojen doz dagilimi hem de daha yiiksek
konformite ile 6ne ¢ikti.Kalp Dmean agisindan teknikler arasinda anlaml fark saptandi (p = 0.0468). PT1 ve
PT2 ile kalp Dmean PT3’e gore daha diisiik bulunmustur, ancak ikili karsilastirmalarda fark sinirda
anlamliydi. Akciger dozu agisindan; ortalama (p = 0.0193), V10Gy (p = 0.0272), ve V5Gy (p = 0.0272)
parametrelerinde teknikler arasi farklar anlamliydi. PT2 diger iki teknikten daha iyi akciger korumasi
saglamistir.Spinal cord Dmax (p = 0.0272) ve karaciger ortalama dozu (p = 0.0272) i¢in de anlaml farklar
gozlemlendi. Spinal cord korumasinda PTI, karaciger korumasinda PT3 daha iyi bulunmustur. Sonug:
Radixact cihazi ile bilateral meme 1s1nlamasi planlamalarinda {i¢ teknik arasinda hem hedef kapsama hem de
organ korumasi agisindan anlamli farklar mevcuttur. PT3, daha homojen ve konform doz dagilimi ile 6ne
cikarken, PT1 ve PT2 teknikleri ile daha iyi organ korumasi saglanabildigi gortilmustiir.

Keywords: Tedavi planlama, Konformite, Homojenite, OAR korumasi
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Sismik Ters Coziim Algoritmalarinin Medikal Goriintiillemeye Uygulanmasi
Ismet Sincer!
ITiirkiye Petrolleri A.O.

Ozet: Sismik ters ¢oziim ve medikal ultrason goriintiilemeleri arasinda agik benzerlikler vardir. Her iki
teknigin temeli belirli bir ortama ses dalgalar1 gondererek ortamin fiziksel 6zelliklerinin belirlenmesine
dayanir. Ultrason tomografisine dayanan teknik, kemiklerin yumusak dokular1 civarindaki ayrimlilig
saglayamamaktadir. Bu problem hidrokarbon arastirmalarindaki tuz alti goriintiilemesine benzemektedir.
Ciinkli tuzun hiz1 ¢evre kayaglarin hizina gore ¢ok yiiksektir. Geleneksel medikal ultrason yontemleri,
genellikle sabit hizli ortamlarda gecikme ve toplama yaklagimiyla calisan 1sin-yolu algoritmasiyla
uygulanmaktadir. O nedenle, goriintiiler uzay ve zamanda onemli Ol¢iide bozulmaktadirlar. Jeofizikte
uygulanan go¢ ve hiz giincelleme islemlerinde, tam dalga alani ters ¢6ziim yontemi kullanilarak goriinti
bozuklar1 dnlenmektedir. Sentetik veri ile gercek veri arasindaki farklilig1 azaltmak i¢in model parametreleri
stirekli gilincellenmektedir. Sismik goriintiileme teknigi ile insan beynini goriintiilemek i¢in yogun ¢aba
harcanmaktadir. X-151n1 ve magnetik rezonans goriintiilemelerinin ayrimlilig1 yeterlidir, ancak, bu aletler cok
bliyiik hacimlidirler ve 6zel kurma cabasi gerektirmektedirler. Ayrica, X-151n1 tomografisi iyonlastirici
radyasyon irettiginden kullanimlart sinirlidir. Sismik ters ¢oziim goriintiileme aletleri giivenli, kompakt ve
hareketlidirler. Uygulama ii¢ adimda 6zetlenebilir: kaydedilen dalga alanlarinin zamanda ters gocii, kaynak
elementleri tarafindan yayimlanan dalga alanlarinin sonlu-farklar modellemesi ve bu iki dalga alaninin sifir-
gecikmeli korelasyonunun hesaplanmasi. Bu ¢alismada konunun esaslari1 sunulur ve geleneksek yaklagimlara
gore daha dogru hiz dagilimi bulma stratejisi onerilir. Sismik ters ¢oziim goriintiileme teknigi hidrokarbon
aragtirmalarinda basar1 ile kullanilmaktadir ve medikal goriintiilleme tekniginde de kapsamli doniisiim
saglayacag diigiiniilmektedir.

Anahtar Kelimeler: sismik ters ¢6ziim
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Application of Seismic Inversion Algorithms to Medical Imaging
Ismet Sincer!
ITurkish Petroleum Corporation

Abstract: There are explicit similarities between seismic inversion imaging and medical ultrasound imaging.
Both imaging techniques are based on introducing sound waves into a particular medium to identify the
physical properties. The major limitation of the ultrasound computed tomography (UCT) technique is that it
cannot resolve soft tissues in the vicinity of bones. This problem is akin to subsalt imaging in hydrocarbon
exploration due to the fact that the velocity of salt is very high compared to the surrounding
formations.Conventional medical ultrasound methods are implemented using ray-based imaging algorithms
and constant velocity media such as delay-and-sum beamforming. Therefore, images are strongly degraded in
space and time. Recently, full-waveform inversion (FWI) has been used in geophysics to carry out the
migration and velocity update processes to avoid these restrictions. Model parameters are iteratively updated
to reduce the discrepancies between the synthetically generated data and the observed data. There has been a
great deal of effort to image the human brain using the seismic inversion imaging method. The resolution of
magnetic resonance imaging and X-ray computed tomography is satisfactory, but these methods use very large
equipment requiring special installation efforts. Moreover, X-ray tomography uses ionizing radiation limiting
their use. Seismic inversion imaging is a very safe technology presenting compact and mobile devices.The
processing may be summarized in three steps: reverse time propagation of the recorded wavefields, finite
difference modeling (FDM) of the wavefields emitted by the source elements, and imaging by computing the
zero-lag correlation of the two wavefields. This study examines the topic and proposes a strategy to determine
an accurate velocity distribution compared to the conventional approaches. This is a successful method
currently used in hydrocarbon exploration and I think it will make a far-reaching transformation in medical
imaging.

Keywords: Medical imaging
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Endistriyel Isinlama Tesislerinde Medikal Fizikgilerin Yeri

Emre Giilliioglu!

!Gamma-Pak Sterilizasyon San. ve Tic. A.S.

Ozet: Endiistriyel 151nlama tesisleri, tibbi cihaz, beseri tibbi ve kozmetik iiriin sterilizasyonu, gida giivenligi,
polimer modifikasyonu (¢apraz baglama) ve hayvan yemi 1sinlama gibi bir¢ok kritik uygulamada iyonlastirict
radyasyonun kullanildig1 yiiksek teknolojili tesislerdir. Bu tiir yiiksek riskli ve hassas islemler, ancak
radyasyonun dogasini derinlemesine anlayan uzmanlarin denetiminde giivenli ve etkin bigimde yiiriitiilebilir.
Medikal fizikgiler sahip olduklar1 radyasyon fizigi bilgisi ve dozimetri alanindaki uzmanliklariyla yalnizca
saglik sektoriinde degil, endiistriyel 1sinlama tesislerinde de 6nemli roller iistlenebilirler. Gama 1sinlama ve
yiiksek enerjili elektron demeti 1s1nlama tesisleri ile Tiirkiye’de giderek yayginlasan kablo 1sinlama amagl
elektron demeti 1s51nlama tesisleri gibi endiistriyel alanlarda iyonlastirict radyasyonun kontrollii kullanimi
medikal fizikgilerin bilgi birikimiyle dogrudan iligkilidir.Bu tesislerde radyasyon giivenligi ve emniyeti,
dozimetri sistemlerinin kalibrasyonu, IQ (Kurulum), OQ (Operasyonel) ve PQ (Performans) kalifikasyonlari
ve kalite yonetim (ISO 13485, ISO 11137-1, GMP (iyi Uretim Uygulamalar1), ISO 22000 ve ISO 9001) gibi
stiregler medikal fizikgiler tarafindan yonetilebilir. Ayrica ISO 13485 (tibbi cihazlar i¢in) ve GMP (beser1
tibbi iirlinler i¢in) gibi kalite yonetim sistemlerine hakim bir medikal fizikg¢i, tiriin giivenligi, validasyon
siirecleri ve regiilasyona uygunluk konularindaki yetkinligi sayesinde tibbi cihaz ve ila¢ endiistrilerinde de
etkin bicimde gorev alabilir.Sonug olarak, medikal fizik¢ilerin endiistriyel 1s1nlama tesislerinde gorev almalari
hem disiplinler arasi etkilesimi arttiracak hem de radyasyonun giivenli, etkin ve bilimsel temellere dayali
kullannmmi saglayacaktir. Tiirkiye’de gelismekte olan radyasyon teknolojileri sektorii gdz Oniinde
bulunduruldugunda medikal fizik¢ilerin bu alana yonelmesi hem mesleki cesitlilik hem de ulusal kapasite
acisindan 6nemli bir kazanim olacaktir.

Anahtar Kelimeler: Capraz baglama, Kalite glivence, Medikal fizik¢i, Radyasyon giivenligi ve emniyeti,
Sterilizasyon
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The Role of Medical Physicists in Industrial Irradiation Facilities

Emre Giilliioglu!

!Gamma-Pak Sterilization Ind. & Trd. Inc.

Abstract: Industrial irradiation facilities are high-tech facilities where ionizing radiation is used in many
critical applications such as medical device, medicinal and cosmetic product sterilization, food safety, polymer
modification (crosslinking) and animal feed irradiation. Such high-risk and sensitive processes can only be
carried out safely and effectively under the supervision of experts with a deep understanding of the nature of
radiation. With their knowledge of radiation physics and expertise in dosimetry, medical physicists can play
important roles not only in the healthcare sector but also in industrial irradiation facilities. The controlled use
of ionizing radiation in industrial areas such as gamma irradiation and high-energy electron beam irradiation
facilities and electron beam irradiation facilities for cable irradiation, which are becoming increasingly
common in Tiirkiye, is directly related to the knowledge of medical physicists.In these facilities, processes
such as radiation safety and security, calibration of dosimetry systems, 1Q (Installation), OQ (Operational)
and PQ (Performance) qualifications and quality management (ISO 13485, ISO 11137-1, GMP (Good
Manufacturing Practice), ISO 22000 and ISO 9001) can be managed by medical physicists. In addition, a
medical physicist who is proficient in quality management systems such as ISO 13485 (for medical devices)
and GMP (for medicinal products) can work effectively in the medical device and pharmaceutical industries
thanks to their competence in product safety, validation processes and regulatory compliance.In conclusion,
the involvement of medical physicists in industrial irradiation facilities will both increase interdisciplinary
interaction and ensure the safe, effective and scientifically based use of radiation. Considering the developing
radiation technologies sector in Tiirkiye, the orientation of medical physicists to this field will be an important
gain in terms of both professional diversity and national capacity.

Keywords: Crosslinking, Medical physicist, Quality assurance, Radiation safety and security, Sterilization
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Bas Boyun Tumorlerinin Radyoterapisinde Giinliik Cikis Dozlarinin Epid Dozimetrisiyle
Arastirilmasi

Seda YUKSEK!, Canan Koksal Akbas', Kiibra Ozkaya Toraman', Rasim Meral!, Hatice Bilge Becerir'
Tstanbul Universitesi Onkoloji Enstitiisii

Ozet: Bas boyun kanserli hastalarin radyasyon ile tedavisinde zayiflamayla beraber bazi anatomik ve hacimsel
degisimler, dozun baslangigta planlanan dogrulukta tamamlanmasii etkilemektedir. Dozun istenilen
dogrulukta verildiginden emin olunmasi in vivo dozimetri ile miimkiindiir. Halcyon cihazinda bulunan EPID
(Elektronik Portal Goriintiileme Cihaz1) sayesinde bu miimkiin olmaktadir. Bu ¢alismanin amaci, Eclipse TPS
(Tedavi Planlama Sistemi)’de VMAT (Voliimetrik Ayarli Ark Terapi) teknigi ile planlart olusturulan ve
Varian Halcyon cihazinda tedavi olan 10 iki ark alanli ve 10 {i¢ ark alanli toplam 20 bas boyun kanserli
hastalarin giinliik ¢ikis dozlarmin EPID dozimetrisiyle arastirilmasidir. Halcyon cihazinda tedaviye girip
tedavileri tamamlanmis olan 20 hastanin, EPID dozimetrisi kullanilarak giinliik ¢ikis dozlar1 elde edilerek ilk
gilin referans alinmis ve gama analizi yontemiyle karsilastirilmistir. Yapilan tez c¢alismasinin sonucunda,
hastanin giivenligi ve tedavinin dogrulugu acisindan her tedavi Oncesinde yalnizca kemik yapilarin
oturtulmasinin yeterli olmadigi; parotisler, dil veya hava yollarindaki anatomik degisikliklerin de gbz oniinde
bulundurulmasi gerektigi gortilmiistiir. Bu bolgelerdeki zayiflamaya bagli hacimsel degisiklikler kontrol
edilip diizeltilmediginde, hastada planlanan dozun hedefe ulasmadig1 veya istenilen dogrulukla verilemedigi
tespit edilmistir.

Eclipse 17.01 EPID Yazilimi ile Karsilastirilmasi

Baseline olarak kabul edilen ilk fraksiyon, karsilastirilacak fraksiyon ¢ikis dozlar1 ve karsilagsma sonucu olusan doz
farkliliklart 6rnek olarak gosterilmistir.

Anahtar Kelimeler: Bas boyun Kanseri, VMAT, EPID Dozimetri, Cikis Dozu, Gama Indeksi
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Investigation of Daily Output Doses in Radiotherapy of Head and Neck Tumors with Epid
Dosimetry

Seda YUKSEK!, Canan Koksal Akbas', Kiibra Ozkaya Toraman', Rasim Meral!, Hatice Bilge Becerir'

'ISTANBUL UNIVERSITY ONCOLOGY INSTUTE

Abstract: In the treatment of head and neck cancer patients with radiation, some anatomical and volumetric
changes along with attenuation affect the completion of the dose with the initially planned accuracy. It is
possible to ensure that the dose is given with the desired accuracy with in vivo dosimetry. This is possible
thanks to the EPID (Electronic Portal Imaging Device) in the Halcyon device. The aim of this study is to
investigate the daily exit doses of 20 head and neck cancer patients whose plans were created with the VMAT
(Volumetric Modulated Arc Therapy) technique in the Eclipse TPS (Treatment Planning System) and treated
with the Varian Halcyon device with 10 two-arc field and 10 three-arc field, using EPID dosimetry. The daily
exit doses of 20 patients who entered and completed treatment with the Halcyon device were obtained using
EPID dosimetry, and the first day was taken as a reference and compared with the gamma analysis method.
As aresult of the thesis study, it was concluded that in terms of patient safety and the accuracy of the treatment,
it is not enough to place the bone structures alone before each treatment; It has been observed that anatomical
changes in the parotid glands, tongue or airways should also be taken into account. When volumetric changes
due to attenuation in these regions are not controlled and corrected, it has been determined that the planned
dose does not reach the target in the patient or cannot be given with the desired accuracy.

Comparison with Eclipse 17.01 EPID Software

The first fraction, accepted as the baseline, was compared, and the output doses of the fractions as well as the resulting
dose differences from the comparison were presented as example.

Keywords: Head and Neck Cancer, VMAT, EPID Dosimetry, Transit Dose, Gamma Index
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Bas-Boyun ve Akciger Kanserlerinde Adaptif Radyoterapi: ikinci CT’de Orijinal Planin
Yeniden Hesaplanmasi ile Doz Degisimlerinin Degerlendirilmesi
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'1.A.U. VM Medical Park Florya Hastanesi
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Ozet: Amac: Bu calismanin amaci, bas-boyun ve akciger kanseri hastalarinda tedavi siirecinde cekilen ikinci
bilgisayarli tomografi (CT) goriintiileri lizerinde, baglangicta olusturulan tedavi planinin yeniden hesaplanarak
adaptif radyoterapi (ART) yapilmadigi takdirde doz dagiliminda olusacak degisikliklerin
degerlendirilmesidir. Adaptif replanning ihtiyacinin klinik kriterlerle desteklenmesi hedeflenmistir. Yontem:
Toplam 15 hastanin (8 bas-boyun, 7 akciger) baslangigta RayPlan sisteminde planlama CT’si iizerinde
olusturulan VMAT ve IMRT planlari, tedavi ortasinda cekilen ikinci CT’lere aktarildi. Ikinci CT
goriintiilerinde hastalarin anatomik degisiklikleri (0rnegin tiimor kiiclilmesi, kilo kaybi, organ yer
degistirmesi) goz oniinde bulunduruldu. Baslangi¢ plani, ikinci CT {izerinde yeniden hesaplandi; planlanan
doz ile yeniden hesaplanan doz dagilimlar karsilagtirildi. Kritik organlara (6rn. medulla spinalis, akciger
parankimi) ve hedef hacimlere verilen doz farkliliklar1 gamma analizi ve doz-hacim histogramlar1 (DVH) ile
incelendi. Bulgular: Ikinci CT’de yeniden hesaplanan dozlarda bas-boyun hastalarinda ortalama %8 doz
sapmasi, akciger hastalarinda ise %10’a varan doz artis1 veya azalislar1 tespit edildi. Baz1 hastalarda kritik
organ dozlarinda %12’ye kadar artis gozlenirken, hedef hacim kapsama oranlarinda belirgin azalmalar
saptandi. Bu durum adaptif replanning gerekliligini destekledi. Adaptif replanning yapilmadiginda doz
homojenliginin bozuldugu ve OAR dozlarinin artabilecegi goriildii. Sonug: Tedavi siirecinde ikinci CT
iizerinden orijinal planin yeniden hesaplanmasi, anatomik degisikliklerin doz dagilimina etkisini objektif
olarak ortaya koymaktadir. Bag-boyun ve akciger kanseri hastalarinda adaptif radyoterapi, doz dogrulugunu
artirmak ve toksisite riskini azaltmak i¢in Onemli bir yontemdir. Klinik uygulamalarda periyodik
goriintiilemeler ve replanning kararlarinin standardize edilmesi 6nerilmektedir.

Anahtar Kelimeler: Adaptif Planlama, Radyoterapi
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Adaptive Radiotherapy in Head and Neck and Lung Cancers: Evaluation of Dose Variations
by Recalculation of the Original Plan on the Second CT
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Oncotech Medical Systems

Abstract: Objective: The aim of this study was to evaluate the dosimetric changes that would occur in the
absence of adaptive radiotherapy (ART) by recalculating the initial treatment plan on a second computed
tomography (CT) scan acquired during the course of treatment in patients with head and neck and lung
cancers. The study further sought to support the need for adaptive replanning with clinical criteria. Methods:
A total of 15 patients (8 head and neck, 7 lung) were included. Volumetric modulated arc therapy (VMAT)
and intensity-modulated radiotherapy (IMRT) plans initially created on the planning CT using the RayPlan
system were transferred to a second CT obtained mid-treatment. Anatomical changes (e.g., tumor shrinkage,
weight loss, organ displacement) observed on the second CT were considered. The original plan was
recalculated on the second CT, and the planned dose distributions were compared with the recalculated ones.
Dose differences to critical organs at risk (OARs) (e.g., spinal cord, lung parenchyma) and target volumes
were analyzed using gamma evaluation and dose—volume histograms (DVHs). Results: Recalculated doses on
the second CT revealed an average of 8% dose deviation in head and neck patients and up to 10% increases
or decreases in lung patients. In some cases, OAR doses increased by up to 12%, while target volume coverage
significantly decreased. These findings highlighted the necessity of adaptive replanning. Without ART,
deterioration in dose homogeneity and an increase in OAR doses were observed. Conclusion: Recalculation
of the original plan on a second CT during treatment objectively demonstrates the impact of anatomical
changes on dose distribution. In head and neck and lung cancer patients, ART is an important approach to
improve dose accuracy and reduce the risk of toxicity. Standardization of periodic imaging and replanning
decisions is recommended for clinical practice.

Keywords: Adaptive Planning, Radiotherapy
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Ozet: Amag: Bu galismada, ¢ok yaprakli kolimatdr (MLC) segment sayisi ve seklinin, radyoterapi planlarinin
karmasgiklig1 ve klinik uygulanabilirlik tizerindeki etkisi incelenmigtir. Gamma analiz parametreleri tizerinden
planlarin dogrulugu degerlendirilmis, segment sayisinin doz dagilim kalitesiyle iliskisi arastirilmastir.
Yontem: 10 farkli hasta plan1 RayPlan {izerinde, ayn1 hedef voliim korunarak fakat farkli MLC segment
sayilartyla yeniden optimize edilmistir. Planlar Elekta Versa HD cihazinda uygulanmak tizere QA fantomu ve
IBA MatriXX ile dlgiilmiis, 3%/3 mm kriteriyle gamma analizi yapilmistir. Segment sayis1 ve gamma gecis
orani korelasyon analizi ile karsilastirilmistir. Bulgular: Segment sayis1 arttikca gamma gecis oraninda azalma
gozlemlendi. Ortalama 80 segment igeren planlarda gamma gecis oran1 %98.4 iken, 140 segmentli planlarda
bu oran %95.1’e diigmiistiir. Ozellikle kiigiik alanlar ve keskin doz gradyanlar1 igeren planlarda bu fark daha
belirgindi. Karmagiklik arttikca cihaz iizerindeki belirsizliklerin toplandigr goézlendi. Sonug: MLC
segmentasyonunun asir1 artiritlmasi plan karmasikligini artirmakta ve klinik kalite kontrol siireglerinde
basarisizliklara yol acabilmektedir. RayPlan, optimize segmentasyon stratejileri ile plan verimliligini ve QA
bagarisin1 artirma potansiyeli tagimaktadir. Gamma analizine dayali degerlendirme, klinik kalite kontrol
siirecinde segment bazli optimizasyonun énemini ortaya koymustur.

Anahtar Kelimeler: Dozimetre, Gamma Indeksi, Segmentasyon
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Evaluation
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Abstract: Objective: This study aimed to investigate the impact of the number and shape of multileaf
collimator (MLC) segments on the complexity and clinical feasibility of radiotherapy treatment plans. Plan
accuracy was assessed through gamma analysis parameters, and the relationship between segment number
and dose distribution quality was explored. Methods: Ten different patient plans were re-optimized in RayPlan
with the same target volume maintained, but with varying numbers of MLC segments. The plans were verified
for delivery on an Elekta Versa HD using a QA phantom and IBA MatriXX. Gamma analysis was performed
with 3%/3 mm criteria. Correlation between the number of segments and gamma passing rate was analyzed.
Results: An increase in the number of MLC segments was associated with a reduction in gamma passing rate.
Plans with an average of 80 segments achieved a passing rate of 98.4%, whereas plans with 140 segments
decreased to 95.1%. The difference was more pronounced in cases with small fields and sharp dose gradients.
Increased complexity was observed to amplify uncertainties in treatment delivery. Conclusion: Excessive
MLC segmentation increases plan complexity and may lead to failures in clinical quality assurance processes.
RayPlan has the potential to enhance plan efficiency and QA outcomes through optimized segmentation
strategies. Gamma analysis-based evaluation highlights the importance of segment-based optimization in
clinical quality assurance.

Keywords: Dosimetry, Gamma Index, Segmentation
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Ozet: Amag:Bu ¢alismanin amaci, Elekta Versa HD lineer akseleratoriiniin uzun donemli doz kalibrasyon
stabilitesini degerlendirmektir. Ozellikle 6 aylik periyot boyunca, sabit enerji ve alan boyutlarinda yapilan
merkez eksen doz Olgiimlerinin zamana bagli varyasyonlar1 analiz edilmistir. Klinik radyoterapi
uygulamalarinda tedavi cihazlarinin doz dogrulugu, hastalarin giivenligi ve tedavi etkinligi agisindan kritik
oneme sahiptir. Bu nedenle, periyodik kalite kontrol dl¢timlerinin trend analizi yoluyla cihaz performansinin
siirekliligini ortaya koymak hedeflenmistir.Yontem:Calismada retrospektif olarak 6 MV foton enerjisi ve
10x10 cm? alan boyutu kullanilarak her ay ayn1 kosullarda gerceklestirilen doz dlgiimleri incelendi. Olgiimler,
PTW marka su fantomu ve Standard Imaging Farmer tipi iyon odas1 kullanilarak yapildi. Tiim 6l¢timler 100
cm kaynak—cilt mesafesi (SSD) ve 10 cm derinlikte standart protokole uygun sekilde gerceklestirildi. Elde
edilen veriler aylik varyasyon analizi ile degerlendirildi ve uzun donem trendleri istatistiksel olarak
incelendi.Bulgular:Alt1 aylik donemde merkez eksen doz dlglimlerinde gdzlenen maksimum sapma %0.9
olarak bulundu. Ol¢iim sonuglari arasinda anlamli bir lineer trend saptanmadi (p>0.05). Bununla birlikte, yaz
aylarinda cevresel faktorlere bagli olarak nispeten daha ytiksek varyasyonlar kaydedildi. Ancak bu degisimler
uluslararasi kabul goren tolerans sinirlarinin i¢inde kaldi. RayPlan beam modelinin stabilitesi korunarak,
klinik uygulamalarla tutarli bir doz dagilimi saglandi.Sonug:Elde edilen bulgular, Versa HD lineer
akseleratoriiniin doz kalibrasyonunda uzun dénemli stabil performans sergiledigini gostermektedir. Bu durum,
klinik giivenligi artirmakta ve yeniden kalibrasyon gerekliligini azaltarak is akisina katki saglamaktadir. Rutin
kalite kontrol Olgiimlerinin diizenli ve standart kosullarda siirdiiriilmesi, cihazin uzun vadeli stabilitesinin
giivenilir sekilde takip edilmesi i¢in yeterli goriilmektedir.

Anahtar Kelimeler: Doz Kalibrasyonu, Dozimetri, Linak Stabilitesi
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Abstract: Long-Term Stability of Linear Accelerator Calibration: Trend Analysis with Periodic
Measurements Objective: The objective of this study is to evaluate the long-term dose calibration stability of
the Elekta Versa HD linear accelerator. Specifically, we analyzed time-dependent variations in central axis
dose measurements performed at a fixed energy and field size over a 6-month period. In clinical radiotherapy
applications, the dose accuracy of treatment devices is critically important for patient safety and treatment
efficacy. Therefore, this study aimed to demonstrate the continuous performance of the device through trend
analysis of periodic quality control measurements. Method: This retrospective study examined dose
measurements performed monthly under the same conditions using 6 MV photon energy and a 10x10 cm?
field size. The measurements were conducted using a PTW water phantom and a Standard Imaging Farmer-
type ionization chamber. All measurements were performed according to a standard protocol at a 100 cm
source-to-surface distance (SSD) and a 10 cm depth. The collected data were evaluated with a monthly
variation analysis, and long-term trends were statistically examined. Findings: The maximum deviation
observed in the central axis dose measurements over the six-month period was 0.9%. No significant linear
trend was detected among the measurement results (p>0.05). However, relatively higher variations were
recorded during the summer months due to environmental factors. Despite this, these changes remained within
internationally accepted tolerance limits. The stability of the RayPlan beam model was maintained, ensuring
a consistent dose distribution with clinical applications. Conclusion: The findings indicate that the Versa HD
linear accelerator demonstrates stable long-term performance in dose calibration. This enhances clinical safety
and contributes to workflow by reducing the need for recalibration. The continuation of routine quality control
measurements under regular and standardized conditions is considered sufficient to reliably monitor the long-
term stability of the device.

Keywords: Dose Calibration, Dosimetry, Linac Stability
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Ozet: Amac: Bas-boyun tiimérlerinde radyoterapi planlamasi yiiksek doz konformitesi ve kritik organlarmn
korunmasini gerektirir. Bu ¢aligmada farkli ark sayilarinin (tek, ¢ift ve ii¢ ark) plan kalitesi tizerindeki etkisi
incelendi. Yontem: Toplam 10 bas-boyun kanseri hastasinin tedavi planlar1 Elekta Versa HD lineer
hizlandirict ve RayStation planlama sistemi kullanilarak yeniden optimize edildi. Tek ark (1A), ¢ift ark (2A)
ve li¢ ark (3A) VMAT planlari olusturuldu. Dozimetrik karsilagtirmalarda PTV D95, homojenite indeksi (HI),
konformite indeksi (CI) ve kritik organ dozlar1 degerlendirildi. Olgiimler MatriXX cihaz1 ile gamma
analizinde dogrulandi. Bulgular: PTV kapsamasi 3A planlarda en yiiksek bulundu (D95: %97.8), 2A planlarda
%96.4, 1A planlarda %94.9 olarak 6l¢iildii. Homojenite ve konformite indeksleri ark sayis1 arttikca anlaml
sekilde iyilesti (HI: 0.12—0.09, CI: 1.21—1.08). Parotis ortalama dozlar1 1A’da 29.4 Gy, 2A’da 27.8 Gy,
3A’da 26.9 Gy idi. Spinal kord maksimum dozlar1 1A’da 44.1 Gy, 3A’da 39.6 Gy’ye kadar diistii. Gamma
analizinde 3%/3mm kriteri ile tiim planlar >%95 kabul oranina ulasti. Sonug: Bas-boyun hastalarinda ark
sayisinin artirilmasi plan kalitesini anlamli sekilde iyilestirmekte, ozellikle kritik organ dozlarini
diisirmektedir. Ancak 3A planlarin optimizasyon siiresi ve monitor tinitesi (MU) sayis1 artmaktadir. Klinik
pratikte, 2A planlar plan kalitesi ve verimlilik arasinda dengeli bir se¢enek olarak 6ne ¢ikmaktadir.

Kritik Organ ve PTV Dozlariin Karsilagtirilmasi

Parametre 1Ark [2Ark [3Ark
(1A) 2A) (3A)

PTV D95 (%) 94.9 96.4 97.8

HI (Homojenite) 0.12 0.10 0.09

CI (Konformite) 1.21 1.13 1.08

Parotis Ortalama b9 4 78 6.9

(Gy)

Spinal Kord Max 1, 17 Bog

(Gy)

MU 540 680 820

Anahtar Kelimeler: Bas Boyun Kanserleri, Tedavi Planlama
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Abstract: Objective: Radiotherapy planning for head-and-neck tumors requires high dose conformity while
minimizing exposure to critical organs. This study aimed to evaluate the impact of different arc numbers
(single, dual, and triple arc) on plan quality in volumetric modulated arc therapy (VMAT). Methods:
Treatment plans of 10 head-and-neck cancer patients were re-optimized using the RayStation treatment
planning system for an Elekta Versa HD linear accelerator. Three VMAT plans were generated for each
patient: single arc (1A), dual arc (2A), and triple arc (3A). Dosimetric comparisons included PTV coverage
(D95), homogeneity index (HI), conformity index (CI), and organ-at-risk (OAR) doses. All plans were verified
with MatriXX measurements using gamma analysis (3%/3 mm). Results: PTV coverage improved with the
number of arcs: D95 was 94.9% for 1A, 96.4% for 2A, and 97.8% for 3A plans. Homogeneity and conformity
indices also improved as arc number increased (HI decreased from 0.12 — 0.09; CI improved from 1.21 —
1.08). Mean parotid dose was reduced from 29.4 Gy (1A) to 27.8 Gy (2A) and 26.9 Gy (3A). Maximum spinal
cord dose decreased from 44.1 Gy (1A) to 39.6 Gy (3A). All plans achieved >95% pass rate in gamma analysis.
However, monitor units (MUs) increased with more arcs (540 — 820), along with longer optimization times.
Conclusion: Increasing the number of arcs in head-and-neck VMAT planning significantly improves plan
quality and reduces OAR doses. Triple-arc plans achieved the best dosimetric performance but required higher
MU and longer calculation times. Dual-arc plans appear to offer an optimal balance between plan quality and
clinical efficiency, aligning with findings in the literature.

Comparison of Organs at Risk and PTV Doses

1 Arc 2 Arc 3 Arc
aa) (2A) (3A)
PTV D95 (%) 94.9 96.4 97.8
HI (Homogeneity) [0.12 0.10 0.09
CI (Conformity) 1.21 1.13 1.08
Parotid Mean (Gy) [29.4 27.8 26.9

Parameter

Spinal Cord Max 441 417 39.6
(Gy)
MU 540 680 820

Keywords: Head and Neck Cancers, Treatment Planning
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Ozet: Amag: Stereotaktik radyocerrahide (SRS), planlama hedef hacmine (PTV) eklenen marj biiyiikliigii hem
tiimor kontrolii hem de normal doku korunumu agisindan kritik 6neme sahiptir. Bu ¢alismada 1 mm, 2 mm ve
3 mm marjlarin plan kalitesi iizerine etkisi Conformity Index (CI) ve Gradient Index (GI) parametreleri ile
karsilastirilmistir. Yontem: Beyin metastazli 15 hastaya ait SRS planlar1 retrospektif olarak incelendi. Her
hasta i¢in 3 farkli plan olusturuldu: 1 mm, 2 mm ve 3 mm PTV marj1 eklenerek hazirlanan volumetrik ark
planlar1. Planlar RayStation sisteminde optimize edildi. Plan kalitesi, RTOG tanimli Conformity Index (CI)
ve Paddick tanimli1 Gradient Index (GI) ile degerlendirildi. Bulgular:*1 mm marj: En yiiksek konformite (CI
ort.=1.05) ve en keskin doz diisiisii (GI ort.=2.7) elde edildi. Ancak set-up ve goriintiileme belirsizliklerine
kars1 daha duyarli bulundu.*2 mm marj: Klinik agidan en dengeli sonuglart sundu (CI ort.=1.15, GI ort.=3.0).
Hem yeterli timor kapsamasi saglandi hem de normal dokuya ek doz sinirli tutuldu.e3 mm marj: Daha genis
kapsama nedeniyle CI degerleri bozuldu (ort.=1.25) ve GI artt1 (ort.=3.4). Normal beyin dokusunun aldig:
diisiik doz hacimleri anlamli sekilde yiikseldi. Sonug:SRS planlarinda marj se¢imi plan kalitesi ve toksisite
riski iizerinde dogrudan etkilidir. Calismamiz, 2 mm marjin klinik uygulamada en uygun dengeyi sundugunu,
I mm marjin yalnizca yiliksek goriintileme ve immobilizasyon dogrulugu saglanan merkezlerde
kullanilabilecegini, 3 mm marjin ise gereksiz normal doku dozuna yol agabilecegini gostermektedir.

. Farkli PTV Marjlarmin Plan Kalitesi Uzerine Etkisi

PTV. Conformity Index (CI,|Gradient Index (GI, Klinik Yorum

Marji ort.) ort.)

{ mm 1.05 27 En yiiksek konformite ve keskin doz diisiisii; set-up hatalarina
daha hassas

b mm 115 3.0 Kllmlk. ggldan en dengeli segenek; yeterli kapsama + kabul
edilebilir normal doku dozu

3 mm 125 34 ?rzti]l;zli genis kapsama; ancak normal beyin dokusunda ek doz

Anahtar Kelimeler: Stereotaktik Radyocerrahi, Tedavi Planlama
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Abstract: Impact of Different PTV Margins (1, 2, and 3 mm) on Plan Quality in Stereotactic
RadiosurgeryPurpose:In stereotactic radiosurgery (SRS), the size of the margin added to the planning target
volume (PTV) is critical for balancing tumor control and sparing of normal tissue. This study aimed to evaluate
the impact of 1 mm, 2 mm, and 3 mm margins on plan quality using the Conformity Index (CI) and Gradient
Index (GI).Methods:SRS plans of 15 patients with brain metastases were retrospectively analyzed. For each
patient, three different plans were generated with 1 mm, 2 mm, and 3 mm PTV margins using volumetric arc
therapy. All plans were optimized in the RayStation treatment planning system. Plan quality was assessed
using the RTOG-defined Conformity Index (CI) and Paddick’s Gradient Index (GI).Results:*] mm margin:
Achieved the highest conformity (mean CI=1.05) and steepest dose fall-off (mean GI=2.7), but was more
sensitive to setup and image-guidance uncertainties.»2 mm margin: Provided the most balanced outcome
(mean CI=1.15, mean GI=3.0), ensuring adequate target coverage while keeping normal tissue exposure
within acceptable limits.»3 mm margin: Led to reduced conformity (mean CI=1.25) and higher GI (mean
GI=3.4). Low-dose volumes in normal brain tissue increased significantly.Conclusion:Margin selection has a
direct effect on both plan quality and the risk of toxicity in SRS. Our results suggest that a 2 mm margin offers
the most clinically appropriate balance between tumor coverage and normal tissue sparing. A 1 mm margin
may be suitable in centers with highly accurate image guidance and immobilization, while a 3 mm margin
unnecessarily increases normal brain dose.

Effect of Different PTV Margins on Plan Quality

PTV Conformity Index | Gradient Index Clinical Interoretation

Margin (CI, mean) (GI, mean) P

| mm 1.05 27 Highest confmrnpty and steep dose fall-
off; more sensitive to setup errors

> mm 115 3.0 Be‘:st clinical balance; adgquate coverage
with acceptable normal tissue dose

3 mm 195 34 Wider coverage but 1nc'rea'sed low-dose
exposure to normal brain tissue

Keywords: Stereotactic Radiosurgery, Treatment Planning
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Yiizeyel Tiimorlerde Elektron ve Foton Tedavisinin Karsilastirilmasi
Ersan Yilmaz', Mert Cananoglu!, Ebru Cananoglu®, N. Deniz Arslan?, Mecit Canbolat!

'Oncotech Medikal Sistemler
’I.A.U. VM Medical Park Florya Hastanesi

Ozet: Amag: Yiizeyel tiimorlerde standart yaklasim elektron tedavisi olmakla birlikte, baz1 klinik durumlarda
foton (bolus uygulanarak) alternatif olabilir. Bu ¢aligmada elektron ve foton planlarinin karsilastirilmasi ile
foton kullaniminin doz dagilimi agisindan uygulanabilirligi arastirildi. Yontem: Toplam 12 yiizeyel timor
hastasinin tedavi planlar1 retrospektif olarak incelendi. Her hasta i¢in uygun enerji secilerek (6-9 MeV)
elektron plant ve 6 MV foton + 1 cm bolus kullanilarak 3D-CRT plani olusturuldu. Planlar RayStation ile
optimize edildi ve Elekta Versa HD {izerinde IBA MatriXX ile dogrulandi. Karsilastirma parametreleri: ylizey
dozu, PTV kapsamasi (D95), 5 mm ve 10 mm derinlik dozlari, normal doku ortalama dozu ve lateral
penumbra. Bulgular: Elektron planlarinda yiizey dozu daha yiiksekti (%92 vs %88), derin dokularda ise hizli
doz diisiisii saglandi (10 mm’de %55). Foton planlarinda yiizey dozu bolus ile artirilsa da derin dokularda
anlamli doz artis1 goriildii (10 mm’de %78). Lateral penumbra elektronlarda daha keskin (<7 mm) iken,
fotonlarda daha genis (>10 mm) bulundu. PTV kapsamas1 her iki teknikte de kabul edilebilir diizeydeydi
(elektron %95, foton %93).Sonug: Elektron tedavisi ylizeyel tiimorlerde derin dokularin korunmasi agisindan
daha avantajlidir. Foton + bolus ile hedef kapsamasi saglanabilse de derin doku maruziyeti artmakta ve
penumbra genislemektedir. Bununla birlikte, diizensiz yiizeylerde veya elektron uygulamasi teknik olarak zor
alanlarda foton tedavisi pratik bir alternatif olabilir. Klinik se¢im, tiimor derinligi ve ¢evre dokulara gore
yapilmalidir.

Anahtar Kelimeler: Elektron Planlama
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Comparison of Electron and Photon Therapy for Superficial Tumors
Ersan Yilmaz', Mert Cananoglu!, Ebru Cananoglu®, N. Deniz Arslan?, Mecit Canbolat!

'Oncotech Medical Systems
’I.A.U. VM Medical Park Florya Hospital

Abstract: Objective:Electrons are the standard choice for treating superficial tumors due to their sharp dose
fall-off. However, in some clinical situations, photons with bolus may serve as an alternative. This study
compared electron and photon treatment plans to evaluate the feasibility and dosimetric
differences.Methods: A total of 12 patients with superficial tumors were retrospectively analyzed. For each
case, electron plans were created using appropriate energies (6—9 MeV), and photon plans were generated
with 6 MV beams plus 1 cm bolus using 3D-CRT. All plans were optimized in RayStation and verified on
Elekta Versa HD with IBA MatriXX. Evaluation parameters included surface dose, PTV coverage (D95),
dose at 5 mm and 10 mm depth, mean dose to adjacent normal tissue, and lateral penumbra.Results:Electron
plans achieved higher surface dose (92% vs. 88%) and more rapid dose fall-off at depth (55% at 10 mm).
Photon plans with bolus provided acceptable surface dose but resulted in higher deep tissue exposure (78% at
10 mm). Lateral penumbra was sharper with electrons (<7 mm) compared to photons (=10 mm). PTV coverage
was clinically acceptable with both techniques (95% for electrons vs. 93% for photons).Conclusion:Electrons
are advantageous for sparing deeper tissues in superficial tumors. While photons with bolus can achieve
acceptable target coverage, they result in increased deep tissue dose and broader penumbra. Nonetheless, in
cases with irregular surfaces or anatomical limitations where electron fields are technically challenging,
photons may serve as a practical alternative. Treatment selection should be guided by tumor depth and adjacent
critical structures.

Keywords: Electron Planning
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Radyoterapi Planlarinda Doz Dogrulamasimin iki Yiizii: RadCalc ve Delta4 Karsilastirmasi
Gizem VAR!
zmir Sehir Hastanesi

Ozet: Radyoterapide, planlanan dozun uygulanan dozla 6rtiismesi tedavi etkinligi ve hasta giivenligi acisindan
kritik oneme sahiptir. Bu dogrultuda, tedavi planlari sahaya gegcmeden Once titiz bir doz dogrulama siirecinden
gecirilmelidir. Bu ¢alismada, klinigimizde Versa HD cihazi ile kullanilan iki yaklagimi — RadCalc ve Delta4
— karsilastirtyoruz; 6zellikle RadCalc’1n klinik glivenilirligini vurgulayarak. RadCalc: planlama sisteminden
bagimsiz calisan bir ikinci kontrol yazilimidir. Collapsed-Cone ve Monte Carlo gibi algoritmalarla dozu
yeniden hesaplar; bu sayede planlama sistemindeki olas1 hata veya sapmalar erkenden yakalanabilir. Versa
HD linak ile klinigimizde degerlendirilen 590 VMAT/IMRT tabanl ¢alismada, RadCalc V7 versiyonunda
ortalama gamma ge¢gme orani %98,5’in lizerinde elde edilmis, D98% ve D2% gibi DVH sapmalar1 £1-2 %
sinirlarinda kalmigtir. RadCalc ayrica otomatik plan i¢e aktarma ve raporlama modiilleri barindirir; bu sayede
insan miidahalesi azalir ve is akist hizlanir. Delta4: fiziksel 6l¢iime dayali bir sistemdir. Hasta pozisyonunu
simiile eden diizeneklerde ger¢ek doz Olgiimleri alir, 3B doz haritas1 olusturur ve bu haritay1 planlanan
dagilimla Gamma indeksi gibi yontemlerle karsilastirir. Ancak Delta4’iin bazi sinirlamalar1 vardir: kiigiik
hedeflerde diyot duyarlilig1 azalabilir; doz gegisleri ¢ok keskinse dogruluk diisebilir; diyotlarin zamanla
duyarlilik kayb1 diizenli kalibrasyon gerektirir; ileri plan karmasikliklarinda gamma ge¢cme orani diisme
egilimi gosterebilir. Sonug olarak: RadCalc’in Klinik Uygulamadaki rolii Bu ¢caligmada, her iki sistemin teknik
altyapisi, avantajlar1 ve sinirliliklar: klinik vakalar tizerinden degerlendirilmistir. RadCalc’in gii¢lii algoritmik
dogrulugu ve otomasyon avantaji, Delta4’iin fiziksel dogrulamay1 saglama giiciiyle birlestiginde, Versa HD
ile yapilan radyoterapide doz dogrulugunu artiran, hata riskini azaltan ve hasta giivenligini destekleyen etkili
bir kalite giivencesi yaklagimi ortaya ¢ikar. Bizim klinigimiz gibi yogun olan kliniklerde Radcalc sistemi
yaptigimiz ¢alismalar dogrultusunda giivenle kullanilabilir.

RadCalc/Delta4
Fi- L i
i n

RadCalc/Deltad

et
et
e
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Delta4 ve RadCalc Sistemlerinin Avantaj ve Dezavantajlarinin Karsilagtirilmasi

Kriter

Delta4 — Avantajlar

Delta4 — Dezavantajlar

RadCalc — Avantajlar

RadCalc —
Dezavantajlar

Doz Dogrulama
Yaklagimi

Olgiime dayali, gercek
doz dagilimim 3
boyutlu olarak
degerlendirme imkani

Fiziksel cihaz ve
phantom kullanimi1
gerektirir, operasyon
stiresi hesaplamaya

Hesaplamaya dayali,
planlama sistemi
algoritmasindan
bagimsiz ikinci doz

Fiziksel doz 6l¢timii
yapilmadigindan,
sahadaki uygulama
hatalarin1 dogrudan

Hata Tespit Kapasitesi

kaynakli, doz dagilimi
ve hasta pozisyonu ile
ilgili hatalar1 kapsamli
bicimde tespit eder

kosullarinin birebir
simiilasyonu zor
olabilir

kiyasla uzundur hesaplamasi saglar tespit edemez
Lokal doz . o .
farkliliklarinin ve Olg¢iim kosullarina ve Planlama algoritmasi Doz dag} limindaki
. . . hatalarini ve geometrik ve
Hassasiyet ve uygulama kaynakli  |cihaz kalibrasyonuna sistematik sapmalart  Inozisvonel hatalart
Dogruluk sapmalarin hassas bagli hassasiyet . ~ Sap pOZISY
. o S etkin sekilde ortaya  [dogrudan

sekilde tespiti degisebilir N

miimkiin cikarir gozlemleyemez

ﬁ;ﬁg?jﬁfoz Cihazin kullanimi ve  [Klinik fizikgiler i¢in iusga?grmn; a davall
Hassasiyet ve ; . ... |6l¢iim protokolleri i¢in|hizl1 ve pratik ikinci p ya cay

< gorsellestirerek klinik |.; 7. . oldugundan, bazi

Dogruluk . . ileri diizey egitim kontrol arac1 olarak i

degerlendirmeye . o hatalar gbzden

gerektirir kullanilabilir s

olanak tanir kacabilir

Donanim, bakim ve Donamm

sarf malzeme gerektirmeyen,
Zaman ve Maliyet malivetleri viiksek: maliyet ve zaman
Etkinligi M Tystett yu ’ acisindan daha

Ol¢lim siireci zaman o

alict ekonomik bir

¢Oziimdiir
. Planlama sisteminden |.. .
Tedavi cihazi Sahadaki uygulama  |kaynaklanan Fiziksel uygulama

hesaplama hatalarini
ve sistematik
sapmalar erken
asamada tespit eder

hatalarini, makine ya
da hasta kaynakl
sapmalar1 dogrudan
tespit edemez

Klinik Karar Destek
Mekanizmasi

Gergek tedavi
kosullarina yakin doz
dogrulamasi ile klinik
uygulamanin
giivenilirligini artirir

Planlama asamasinda
matematiksel dogruluk
ve tutarlilig1 giivence
altina alir

Anahtar Kelimeler: Hasta Ozelinde Kalite Giivencesi, Ol¢iime Dayal1 Kalite Giivencesi, Hesaplamaya
Dayal1 Kalite Glivencesi
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Abstract Group: Radiotherapy / Dosimetry in Radiotherapy

Two Facets of Dose Verification in Radiotherapy Plans: A Comparison of RadCalc and
Delta4

Gizem VAR!
zmir City Hospital

Abstract: In radiotherapy, the congruence between the planned and delivered dose is critical for both
treatment efficacy and patient safety. Therefore, treatment plans must undergo rigorous dose verification
before clinical implementation. This study compares two approaches used in our clinic with the Versa HD
system—RadCalc and Delta4—with a particular emphasis on RadCalc’s clinical reliability.RadCalc is an
independent secondary check software that recalculates doses using algorithms such as Collapsed Cone and
Monte Carlo, enabling early detection of potential errors or deviations in the treatment plan. In a study
conducted in our clinic involving 590 VMAT/IMRT-based plans delivered with the Versa HD linac, RadCalc
version 7 achieved an average gamma passing rate above 98.5%, with dose-volume histogram (DVH)
deviations (D98% and D2%) maintained within £1-2%. RadCalc also includes automatic plan import and
reporting modules, reducing manual intervention and streamlining workflow.Delta4 is a measurement-based
system that acquires real dose measurements using phantoms simulating patient positioning, generating 3D
dose maps that are compared to planned distributions using methods such as the gamma index. However,
Delta4 has some limitations: reduced diode sensitivity in small targets, decreased accuracy in regions with
sharp dose gradients, the need for regular calibration due to diode sensitivity degradation over time, and a
tendency for lower gamma passing rates with highly complex treatment plans.In conclusion, this study
evaluated the technical features, advantages, and limitations of both systems through clinical cases. The strong
algorithmic accuracy and automation capabilities of RadCalc, combined with the physical verification power
of Delta4, constitute an effective quality assurance approach that enhances dose accuracy, minimizes error
risk, and supports patient safety in radiotherapy treatments performed with the Versa HD. n high-volume
clinics like ours, the RadCalc system can be used with confidence based on the evidence from our own studies

RadCalc/Delta4

Em oD
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Comparison of Advantages and Disadvantages of Delta4 and RadCalc Systems

Approach

evaluation of actual
dose distribution

longer compared to
calculation-based
methods

calculation from the
treatment planning
system (TPS)

Criteria Delta4 — Deltad — RadCalc — RadCalc —
Advantages Disadvantages Advantages Disadvantages
Requires physical [Calculation-based, |Does not perform
Measurement-based,|device and providing an physical dose
. . enabling three- phantom; independent measurements;
Dose Verification . ; L .
dimensional measurement time is[secondary dose cannot directly

detect errors related
to actual treatment
delivery

Accuracy and

Capable of precisely
detecting local dose
discrepancies and

Measurement
accuracy can vary
depending on device

Effectively
identifies planning
algorithm errors and

Cannot directly
observe geometric

maps for detailed

verification tool for

Precision . calibration and . or positional errors
delivery-related systematic . o
A measurement N in dose distribution
deviations .. deviations
conditions
Allows visualization Regglres advanged Practical and rapid ) .
of complex dose training for device secondary Being calculation-
Clinical Usability operation and based, some errors

Error Detection
Capability

machine-related,
dose distribution,
and patient
positioning errors

clinical treatment
conditions can be
challenging

and systematic
deviations
originating from the
planning system

L . measurement L . may be overlooked
clinical evaluation clinical physicists
protocols
High cost for
hardware, More cost-effective
. maintenance, and and time-efficient
Time and Cost . .
: consumables; solution without

Efficiency
measurement hardware
procedures are time- requirements
consuming
Comprehensive Early detection of |Cannot directly
detection of Direct simulation of |calculation errors  |detect physical

treatment delivery
errors or
machine/patient-
related deviations

Clinical Decision
Support

Enhances clinical
application
reliability through
dose verification
close to actual
treatment conditions

Ensures
mathematical
accuracy and
consistency during
treatment planning

Keywords: Patient-Specific QA, Measurement-Based QA , Calculation-Based QA

Comparison of Dose Verification Systems: Delta4 and RadCalc
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Sol Meme Radyoterapisinde Kalp ve LAD Dozunun Optimizasyonu: Akcigerde V5
Kisitlamas1 Gergekten Gerekli mi?

Feyza Savas Akbulut', Taha Erdogan!, Ozveri Tuglu Olger!, Ecem Yigit'

! Afyonkarahisar Saglik Bilimleri Universitesi, Radyasyon Onkolojisi Anabilim Dal1, Afyonkarahisar,
Tiirkiye

Ozet: Giris/Amag: Radyoterapide akciger toksisitesi ile iliskilendirilen en 6nemli parametreler V20 ve
ortalama doz (Dort) olarak bilinmekle birlikte, diisiik doz hacimlerini temsil eden V5’in klinik etkisi hala
tartismalidir. Bu ¢aligmada, sol meme kanserli olgularda ipsilateral akciger V5 < %75 kriterine uyularak
olusturulan planlar ile V5 i¢in herhangi bir kisitlama uygulanmadan hazirlanan planlarin, hedef hacim ve risk
altindaki organ (RAO) dozlar1 agisindan karsilastirilmast amaglanmistir. Materyal ve Metot: 20242025 yillar
arasinda sol meme kanseri tanisiyla klinigimizde tedavi edilen 9 olgu degerlendirilmistir. Tiim hastalarda sol
meme ve bolgesel lenfatik alanlara (sol meme/gogilis duvari, supraklavikiiler fossa-SKF, aksilla, internal
mammarian-MI lenfatikler) 2 Gy/fraksiyonda 50 Gy doz recetelendirilmistir. V5 <%75 kriterine gore
planlanan yogunluk ayarli radyoterapi (YART) planlari, V5 kisitlamast olmadan hazirlanan alternatif
volumetrik ark tedavisi (VMAT) planlariyla karsilastirilmistir. RAO olarak ipsilateral ve kontralateral akciger,
kars1 meme, kalp ve sol 6n inen arter (LAD) degerlendirilmistir. Istatistiksel analizler i¢in IBM SPSS v23.0
kullanilmistir. Bulgular: Bulgularin klinik hedef hacimler ve RAO agisindan karsilastirilmalar1 Tablo 1°de
sunulmustur. Hedef hacim kapsamasi agisindan iki planlama stratejisi arasinda anlamli fark saptanmamugtir.
Alternatif planlarda ipsilateral akcigerde V5 anlamli olarak artarken (%70.7 vs. %86.6, p=0.024), Dort (15.78
Gy vs. 14.96 Gy, p = 0.019) ve V20°’de (%28.4 vs. %24.7, p = 0.002) ise anlamli azalma saptanmistir. Kalp
Dort, V25 ve V30’da azalma egilimi mevcutken, LAD Dort (17.73 Gy vs. 12.24 Gy, p = 0.024) ve Dmaks’ta
(37.59 Gy vs. 28.1 Gy, p = 0.019) istatistiksel anlaml1 bir diisiis izlenmistir. Fakat karst meme Dort (1.19 vs.
3.2,p=0.002) ve kontralateral akciger V5 (%12.4 vs. %51.6, p=0.001) ise anlaml1 olarak arttig1 goriilmiistiir.
Sonug: Sol meme kanserinde planlamada V5 kisitlamasi, akcigerde diisiik doz alan hacmi azaltirken kalp ve
LAD dozlarini artirabilmektedir. Sol meme radyoterapisinde kalp koruyucu planlama onceliklendirildiginde,
karst meme ve akciger dozlar1 da gozetilerek V5 sinirlamasimin  gerekliligi  dikkatle yeniden
degerlendirilmelidir.
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Tablo 1: Orijinal ve alternatif tedavi planlarinda hedef hacim ve risk altindaki organ dozlarinin karsilastirmasi.

Orijinal Plan Alternatif Plan

(ortanca, CAA) (ortanca, CAA) b
Sol meme/gogiis duvari
D90 (Gy) 49.04 (48.58-49.48)|48.4 (48.25-48.98) 0.145
D95 (Gy) 47.59 (47.36-48.02)|47.43 (46.99-47.84) 0.566
SKF
D90 (Gy) 49.43 (48.93-50.00) |48.77 (48.5-49.74) 0.402
D95 (Gy) 48.93 (48.23-49.3) |48.1 (47.89-49.17) 0.2
MI
D90 (Gy) 48.85 (48.13-49.41)|49.11 (48.5-49.61) 0.691
D95 (Gy) 47.5(47.13-47.84) |48.15 (47.55-48.95) 0.508
Aksilla
D90 (Gy) 48.92 (48.41-50.69) [49.4 (49.31-49.5) 0.825
D95 (Gy) 48.2 (47.74-50.44) [48.87 (47.72-49.02) 0.566
ipsilateral (Sol) Akciger
V5 (%) 70.7 (68.8-74.4) 86.6 (78.7-87.6) 0.024
V10 (%) 48.9 (45.29-50.93) (51.7 (49.75-53.3) 0.453
V20 (%) 28.4 (27.3-30.09) [24.7 (23.25-26.5) 0.002
Dort (Gy) 15.78 (15.36-16.64)(14.96 (14.29-15.12) 0.019
Kontralateral (Sag)
Akciger
V5 (%) 12.4 (0.3-27.3) 51.6 (45.34-58.2) 0.001
Kalp
Dort (Gy) 5.82 (4.9-6.14) 4.88 (4.71-5.36) 0.113
V25 (%) 0.51 (0.03-1.2) 0.04 (0.03-0.15) 0.144
V30 (%) 0.2 (0-0.57) 0(0-0.2) 0.052
Kars1 Meme
Dort (Gy) 1.19 (0.65-2.31) 3.2 (2.96-3.49) 0.002
Dmaks (Gy) 7.75 (6.63-17.74) (17.97 (17.24-21.85) 0.058
LAD
Dort (Gy) 17.73 (14.35-24.53)(12.24 (9.53-14.33) 0.024
Dmaks (Gy) 37.59 (34.28-40.75)|28.1 (22.96-30.8) 0.019

zincir, LAD: sol 6n inen arter.

Anahtar Kelimeler: meme kanseri, radyoterapi, doz sinirlamasi, kalp, son 6n inen arter

Kisaltmalar: CAA: ¢eyreklerarasi aralik, Gy: Gray, SKF: supraklavikuler fossa, MI: internal mammaryan
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Optimizing Heart and LAD Dose in Left Breast Radiotherapy: Is Lung V5 Constraint Truly
Necessary?

Feyza Savas Akbulut', Taha Erdogan!, Ozveri Tuglu Olger!, Ecem Yigit'
' Afyonkarahisar Health Science University, Department of Radiation Oncology, Afyonkarahisar, Turkiye

Abstract: Introduction/Aim: While V20 and mean lung dose (MLD) are recognized as the most important
parameters associated with radiation-induced lung toxicity, the clinical impact of low-dose volumes such as
V5 remains controversial. This study aimed to compare treatment plans for left-sided breast cancer generated
with an ipsilateral lung V5 <75% constraint versus plans without V5 limitation, in terms of target coverage
and organs-at-risk (OARs) doses.Materials and Methods: Nine patients treated for left-sided breast cancer at
our institution between 2024 and 2025 were retrospectively evaluated. All patients received 50 Gy in 25
fractions to the left breast and regional lymphatics (breast/chest wall, supraclavicular fossa, axilla, internal
mammary chain). Intensity-modulated radiotherapy (IMRT) plans with V5 <75% and alternative volumetric
modulated arc therapy (VMAT) plans without V5 constraint were generated. OARs included ipsilateral and
contralateral lungs, contralateral breast, heart, and left anterior descending artery (LAD). Statistical analyses
were performed using IBM SPSS v23.0.Results: Comparison of clinical target volumes and OARs is
summarized in Table 1. No significant differences in target coverage were observed between the two planning
strategies. In plans without V5 restriction, ipsilateral lung V5 increased significantly (70.7% vs. 86.6%, p =
0.024), whereas MLD (15.78 Gy vs. 14.96 Gy, p = 0.019) and V20 (28.4% vs. 24.7%, p = 0.002) were
significantly reduced. Trends toward reduced heart mean dose, V25, and V30 were noted, while LAD mean
dose (17.73 Gy vs. 12.24 Gy, p = 0.024) and maximum dose (37.59 Gy vs. 28.1 Gy, p = 0.019) showed
statistically significant reductions. Conversely, contralateral breast mean dose (1.19 Gy vs. 3.2 Gy, p =0.002)
and contralateral lung V5 (12.4% vs. 51.6%, p =0.001) increased significantly.Conclusion: In left-sided breast
radiotherapy, enforcing a V5 constraint reduces low-dose lung volumes but may increase cardiac and LAD
doses. When heart-sparing is prioritized, the necessity of V5 limitation should be carefully reconsidered,
taking into account contralateral breast and lung doses.
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Table 1: Comparison of target volume and organ-at-risk doses between the original and alternative treatment plans.

Original Plan Alternative Plan

(median, IQR) (median, IQR) b
Left Breast/Chest Wall
D90 (Gy) 49.04 (48.58-49.48) 48.4 (48.25-48.98) 0.145
D95 (Gy) 47.59 (47.36-48.02) | 47.43 (46.99-47.84) | 0.566
SCF
D90 (Gy) 49.43 (48.93-50.06) 48.77 (48.5-49.74) 0.402
D95 (Gy) 48.93 (48.23-49.3) 48.1 (47.89-49.17) 0.2
IMC
D90 (Gy) 48.85 (48.13-49.41) 49.11 (48.5-49.61) 0.691
D95 (Gy) 47.5 (47.13-47.84) 48.15 (47.55-48.95) | 0.508
Axilla
D90 (Gy) 48.92 (48.41-50.69) 49.4 (49.31-49.5) 0.825
D95 (Gy) 48.2 (47.74-50.44) 48.87 (47.72-49.02) | 0.566
ipsilateral (Left) Lung
V5 (%) 70.7 (68.8-74.4) 86.6 (78.7-87.6) 0.024
V10 (%) 48.9 (45.29-50.93) 51.7 (49.75-53.3) 0.453
V20 (%) 28.4 (27.3-30.09) 24.7 (23.25-26.5) 0.002
Dmean (Gy) 15.78 (15.36-16.64) 14.96 (14.29-15.12) | 0.019
Contralateral (Right) Lung
V5 (%) 12.4 (0.3-27.3) 51.6 (45.34-58.2) 0.001
Heart
Dmean (Gy) 5.82 (4.9-6.14) 4.88 (4.71-5.36) 0.113
V25 (%) 0.51 (0.03-1.2) 0.04 (0.03-0.15) 0.144
V30 (%) 0.2 (0-0.57) 0(0-0.2) 0.052
Contralateral Breast
Dmean (Gy) 1.19 (0.65-2.31) 3.2 (2.96-3.49) 0.002
Dmax (Gy) 7.75 (6.63-17.74) 17.97 (17.24-21.85) | 0.058
LAD
Dmean (Gy) 17.73 (14.35-24.53) 12.24 (9.53-14.33) 0.024
Dmax (Gy) 37.59 (34.28-40.75) 28.1(22.96-30.8) 0.019

chain; LAD: left anterior descending artery.

Abbreviations: IQR: interquartile range; Gy: Gray; SCF: supraclavicular fossa; IMC: internal mammary

Keywords: breast cancer, radiotherapy, dose constraints, heart, left anterior descending artery
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Mobius3D Yazilimimin CBCT Tabanli Online Adaptif Planlardaki Dogrulugunun
ArcCHECK Olgiim Sonuglar1 ile Degerlendirilmesi

Irem Aydin', Emine Burgin Ispir!, Oznur Senkesen?

'Acibadem Atasehir Hastanesi )
?Acibadem Mehmet Ali Aydimlar Universitesi

Ozet: Amacg:CBCT (Cone Beam Computed Tomography) tabanli online adaptif tedavi planlarmin
uygulanmasindan 6nce, hastaya 6zel kalite kontrolii Mobius3D yazilimi ile gergeklestirilir. Calismamizda,
Mobius3D yaziliminin kalite kontrol sonuglarinin dogrulugu, fiziksel 6l¢iim tabanli ArcCHECK sistemi ile
degerlendirilmesi amaglanmistir.Gere¢ ve Yontem:Bu retrospektif calismada, Ethos cihazinda (Varian,
Versiyon 1.0,) CBCT tabanli online adaptif radyoterapi uygulanan 100 adaptif fraksiyona iliskin Mobius3D
ve ArcCHECK Kkalite kontrol (KK) sonuglar1 detayli olarak incelenmistir. Calismaya dahil edilen hastalar
prostat, mesane, rektum, endometrium ve meme olmak iizere bes farkli tedavi bolgesinden se¢ilmistir. Ethos
sisteminde adaptif planlama, planlama bilgisayarli tomografi (BT) goriintiileri ile giinlik CBCT
gorlintiilerinin  elastik goriintii  eslestirme yontemi kullanilarak olusturulan sentetik BT {izerinde
gergeklestirilmistir. Hasta tedavi masasindayken onceden planlanmis ve adaptif planlar karsilastirilarak uygun
plan sec¢ilmis, tedavi 6ncesinde Mobius3D yazilimi ile es zamanli KK saglanmistir. Ayni planlarin fiziksel
dogrulamasi i¢in ArcCHECK (Sun Nuclear Corporation, ABD) cihaz1 kullanilarak hastaya 6zel KK
planlarinin gamma analizleri yapilmistir. Her iki sisteme ait veriler %3/3 mm, %2/2 mm, %3/2 mm kriterlerine
gbre gamma gecme oranlart mean+SD(min-max) verileri degerlendirilmistir. Iki yontem istatistiksel olarak
karsilagtirilmistir. Bulgular:MOBIUS 3D ve ArcCHECK KK sonuglarinda gamma ge¢me oranlart %3/3 mm
kriteri i¢in tiim tedavi bolgelerinde %96’ nin iizerinde bulunmustur. %2/2 mm kriteri i¢in en diisilk gamma
gecme orant Mobius ile meme i¢in %60.4, ArcCHECK ile endometrium i¢in %87.4 bulunmustur. %3/2 mm
kriteri i¢in en diisiik yine Mobius ile meme i¢in %76.9, ArcCHECK ile endometrium i¢in %91.2 bulunmustur.
Tiim tedavi bolgeleri i¢in klinik kullanimda tercih ettigimiz %3/3 mm kriteri gamma ge¢me orani her iki
sistem i¢in karsilagtirildiginda aralarinda istatistiksel olarak anlamli fark bulunmamistir (p=0.052). Sonuglar
Tablo 1’de sunulmaktadir.Sonug:Online adaptif radyoterapide tedavi dncesi hastaya 6zel KK’de, %3/3 mm
kriteri i¢in Mobius3D yaziliminin klinik olarak gilivenilir ve etkin bir yontem olabilece§ini gostermektedir.
Rutin giinliik KK i¢cin Mobius3D’yi kullanirken, periyodik fiziksel fantom 6lctimleriyle destekleyen hibrit bir
kalite glivencesi stratejisi Onerilmektedir.
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Tablo1.0Online adaptif tedavi planlarinin hasta bazli kalite kontrol degerlendirmeleri, Mobius 3D ve
ArcCheck sistemleri kullanilarak; tedavi bolgeleri ve gamma kriterlerine gére mean + SD (min—max) ve p

degerleri sunulmaktadir.

Tedavi
Bolgesi/Gamma Kriteri

Prostat

Mesane

Rektum

Endometrium

Meme

Toplam Hasta Grubu

MOBIUS

(3%/3mm)

Mean+=SD

(min-max)
99.8+0.27

(99.3-100)
99.9+0.13

(99.6-100)
97.6+0.92

(96.3-99.9)
99.3+0.14

(99.1-99.6)
90.0+1.24

(86.8-91.7)
97.8+3.46

(86.8-100)

Mobius vs

ARCCHECK ArcCheck

(3%/3mm)

Mean+SD

(min-max)
98.7+0.63

(97.4-99.8)
98.5+0.96

(96.6-99.9)
08.8:0.448

(97.7-99.5)
98.0+0.75

(96.5-99.1)
98.0£0.74

(96.6-99.2)
98.5+0.76

(96.5-99.9)

(3%/3mm)

P-degeri

<0.001

<0.001

<0.001

<0.001

<0.001

0.052

MOBIUS

(2%/2mm)

Mean+SD

(min-max)
94.8+4.5

(87.1-98.8)
94.0+2.07

(90.3-96.4)
82.8+3.87

(79.5-93.9)
88.4+0.97

(86.4-90.4)
66.242.26

(60.4-68.6)
87.11£10.4

(60.4-98.8)

ARCCHI

(2%/2m

Mean}

(min-m

93.4+2,

(88.6-97.

93.742]

(89.1-98.

94.8+1,

(92.1-97
90.6+1

(87.4-93
92.6+1.

(90.7-94

93.2+2

(87.4-98

7)

169

2)
18

8)

1)

Anahtar Kelimeler: Adaptif Plan,Kalite Kontrol, Mobius3D, ArcCHECK
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Evaluation of the Accuracy of Mobius3D Software in CBCT-Based Online Adaptive Plans
Using ArcCHECK Measurements

Irem Aydin', Emine Burgin Ispir!, Oznur Senkesen?

'Acibadem Atasehir Hospital
?Acibadem Mehmet Ali Aydinlar University

Abstract: Purpose:Prior to the implementation of cone-beam computed tomography (CBCT)-based online
adaptive radiotherapy plans, patient-specific quality assurance (QA) is performed using the Mobius3D
software. This study aimed to evaluate the accuracy of Mobius3D QA results by comparing them with those
obtained from the measurement-based ArcCHECK system.Materials and Methods:In this retrospective
analysis, QA results of 100 adaptive fractions delivered on the Ethos system (Version 1.0, Varian Medical
Systems, Palo Alto, USA) were investigated. Patients included five treatment sites: prostate, bladder, rectum,
endometrium, and breast. Adaptive planning was performed on synthetic CT (sCT), created through
deformable image registration of the planning CT with daily CBCT. While patients remained on the treatment
couch, scheduled and adaptive plans were compared, and the most appropriate plan was selected. Patient-
specific QA was performed simultaneously using Mobius3D prior to delivery. For physical verification,
ArcCHECK (Sun Nuclear Corporation, USA) was used to generate patient-specific QA plans, which were
delivered and analyzed through gamma evaluation of 2D dose distributions. Gamma passing rates were
assessed at 3%/3 mm, 2%/2 mm, and 3%/2 mm criteria, reported as mean = SD (min-max). Statistical
comparisons were conducted between the two methods.Results:Both Mobius3D and ArcCHECK achieved
gamma passing rates above 96% across all treatment sites at the 3%/3 mm criterion. For the 2%/2 mm
criterion, the lowest rates were 60.4% for breast with Mobius3D and 87.4% for endometrium with
ArcCHECK. For 3%/2 mm, the lowest values were 76.9% for breast with Mobius3D and 91.2% for
endometrium with ArcCHECK. No statistically significant difference was found between the systems at the
clinically preferred 3%/3 mm criterion (p = 0.052). Detailed results are presented in Table 1.Conclusion:
Mobius3D demonstrated clinical reliability and efficiency for patient-specific QA of CBCT-based online
adaptive radiotherapy at the 3%/3 mm criterion. A hybrid QA strategy, employing Mobius3D for routine daily
QA and supplementing it with periodic ArcCHECK phantom measurements, is recommended for optimal
clinical practice.

Keywords: Adaptive Plan, Quality Assurance, Mobius3D, ArcCHECK
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Radyoterapi Profesyonellerinde Mesleki Radyasyon Maruziyeti: 42 Yillik Kapsamli Analiz

Songiil Cavdar Karagam', Deniz Kisinma Azaklioglu?, Servet ipek?, Elif Aslan?, Ahmet Dirican*, Didem
Colpan Oksiiz?

'Istanbul Universitesi- Cerrahpasa, Saglik Hizmetleri Meslek Yiiksekokulu, Radyoterapi Programi
?fstanbul Universitesi- Cerrahpasa, Cerrahpasa T1p Fakiiltesi, Radyasyon Onkolojisi Anabilim Dali
3Istanbul Universitesi-Cerrahpasa, Saglik Bilimleri Enstitiisii, Saglik Fizigi Programi

“Istanbul Universitesi-Cerrahpasa, Cerrahpasa T1p Fakiiltesi, Biyoistatistik Ana Bilim Dal1

Ozet: Kanser tedavisinde yiiksek doz iyonlastirici radyasyon kullanan radyoterapi uygulamalari ¢alisanlar igin
mesleki maruziyet riskini beraberinde getirmektedir. Radyasyonun stokastik etkileri (kanser, genetik hasar)
icin esik doz bulunmadigindan, radyasyon giivenligi TENMAK, NCRP ve ICRP gibi ulusal ve uluslararasi
standartlara gore saglanmaktadir. Bu ¢alismada, radyasyon onkolojisi ¢alisanlarinin kisisel dozimetre verileri,
radyoterapi cihazlarinin tarihsel degisimi de dikkate alinarak kapsamli bicimde degerlendirilmistir. 1982—
2024 yillart arasinda klinikte sirasiyla film, termoliiminesans (TLD) ve optik uyarmali liiminesans (OSL)
dozimetreleri kullanilmigtir. Toplam 208 calisanin (medikal fizik¢i, radyasyon onkologu, radyoterapi
teknikeri ve hemsire) dozimetre kayitlar1 incelenmistir. Mesleki dozlar; farkli cihaz donemleri (Co-60,
konvansiyonel simiilatorler, BT simiilator, lineer hizlandiricilar, brakiterapi iiniteleri) ve meslek gruplar
arasinda karsilagtirilmistir. Esik degerleri 0,1 mSv (1992-1994 yillar1 i¢in 0,4 mSv) ve OSL i¢in 0,05 mSv
olarak alinmustir. Istatistiksel analizler Pearson ki-kare testi ile yapilmistir. 1980199011 yillarda, dzellikle
Co-60 teleterapi ve konvansiyonel simiilator ile ¢alisanlarda baz1 dozimetri periyotlarinda anlamli degerler
olup; bireysel olarak 10 mSv iizerinde degerler saptanmistir. Lineer hizlandiricilarin, ileri tedavi tekniklerinin
(BT simiilator, RapidArc, HDR brakiterapi) ve filmden TLD’ye, ardindan OSL’ye ge¢isin ardindan, ortalama
mesleki dozlarda diisiis gézlenmistir. Tiim donem boyunca kisi basina diisen ortalama dozlar uluslararasi
sinirlarin altinda kalmis, son yillarda meslek gruplari arasinda anlamli fark bulunmamistir. Radyoterapi
teknolojisindeki ilerlemeler, daha hassas dozimetrelerin kullanimi ve radyasyon giivenligi 6nlemleri, son kirk
yilda mesleki dozlarin azalmasini saglamistir. Diizenli egitim, siirekli dozimetri izlemi ve uzun dénemli
kayitlar, radyasyon onkolojisi birimlerinde giivenligin siirdiiriilmesi agisindan kritik 6neme sahiptir.
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Personel Dozimetreleri

Gecmisten glinlimiize kullanilan dozimetreler

Anahtar Kelimeler: Dozimetre, Occupational exposure
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Occupational radiation exposure in radiotherapy professionals: A Comprehensive 42-Y ear
Analysis

Songiil Cavdar Karacam', Deniz Kisinma Azaklioglu?, Servet Ipek?, Elif Aslan®, Ahmet Dirican?, Didem
Colpan Oksiiz’

Istanbul University-Cerrahpasa, School of Health Services, Radiotherapy Program

?Istanbul University-Cerrahpasa, Cerrahpasa Faculty of Medicine, Department of Radiation Oncology
3Istanbul University-Cerrahpasa, Graduate School of Education, Health Physics Program

“Istanbul University-Cerrahpasa, Cerrahpasa Faculty Of Medicine, Department Of Biostatistics And
Informatics Medicine

Abstract: Radiotherapy, which uses high doses of ionizing radiation for cancer treatment, carries an
occupational exposure risk for healthcare staff. Since there is no threshold dose for the stochastic effects of
radiation (such as cancer and genetic damage), radiation safety is ensured in accordance with national and
international standards (TENMAK, NCRP, ICRP). In this study, the personal dosimeter data of radiation
oncology staff were comprehensively evaluated, taking into account the historical changes in radiotherapy
devices. Between 1982 and 2024, film dosimeters, thermoluminescence dosimeters (TLD), and optically
stimulated luminescence (OSL) dosimeters were sequentially used in our clinic. Dosimeter records of 208
staff members (medical physicists, radiation oncologists, radiation therapists, and nurses) were analyzed.
Occupational doses were compared across different device periods (Co-60, conventional simulators, CT
simulator, linear accelerators, brachytherapy units) and professional groups. Cut-off values were defined as
0.1 mSv (0.4 mSv for 1992-1994) and 0.05 mSv for OSL dosimeters. Statistical analyses were performed
using the Pearson chi-square test. In the 1980s—1990s, particularly among staff working with Co-60
teletherapy and conventional simulators, some dosimetry periods showed statistically significant results, and
individual values above 10 mSv were recorded. Following the introduction of linear accelerators, advanced
treatment techniques (CT simulator, RapidArc, HDR brachytherapy), and the transition from film to TLD and
then to OSL dosimetry, a marked decrease in average occupational doses was observed. Throughout the study
period, mean per-worker doses remained below international limits, and no statistically significant differences
were observed between professional groups in recent years.Advances in radiotherapy technology, the use of
more sensitive dosimeters, and strict radiation safety measures have contributed to a significant reduction in
occupational doses over the past four decades. Regular staff training, continuous dosimetry monitoring, and
long-term record keeping are critical to maintaining safety in radiation oncology departments.
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Personnel Dosimeters

Dosimeters Used from Past to Present

Keywords: Dosimeter, Mesleki maruziyet
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Makine Ogrenme ile SRS/SRT Planlarinin Degerlendirilmesi ve Planlarin Skorlanmasi

Yasemin Karapinar!, Serhat Cesur?, Mehmet Riza Adali?, Ismail Faruk Durmus*

'Tstanbul Medipol Universitesi, Saglik Fizigi Anabilim Dali

2Sakarya Universitesi, Endiistri Miihendisligi Béliimii

3Sakarya Universitesi, Endiistri Miihendisligi Béliimii

*Yeni Yiizyil Universitesi Ozel Gaziosmanpasa Hastanesi, Radyasyon Onkolojisi Anabilim Dali

Ozet: Intrakranyal radyocerrahi hastalarinda planlarin kalite indis ve gama analiz sonuglarinin planlarin
degerlendirilmesinde Makine Ogrenmesi (ML) ile skorlanmasi, standardizasyonu ve uzun siireli plan kalite
verilerinin takibinin saglanmasi amaglanmistir.Toplamda 102 hasta verisi (%84) ile Python (ver. 3.12)
kullanilarak model egitimi saglandi, 20 hasta verisi (%16) ile de model test edildi. ML yontemi olarak
RandomForest, LinearRegresyon ve XGBoost yontemleri kullanilarak {i¢ yontemden hangisi analiz i¢in dogru
yontem ise onun sonucunu ekrana yansitacak sekilde kurgulandi. Planlarda skorlama temel olarak ideal
skorlama ve klinik skorlama olarak iki ayr1 sonu¢ vermekte olup, veri girisi ile klinik skorlama arsivi her bir
hasta datasi ile giincellenmektedir. Yani klinik skorlar hasta datas: eklendik¢e kendini glincellemekte ve yeni
ortalama degerler ile veri setleri olugsmaktadir. Fakat ideal skorlama plan kalite indislerinin hedef hacme gore
en iyi sonuglar1 dikkate alinarak kurgulanmistir. ML’ nin istenilen zaman araliginda veya belirli donemlerde
plan skorlarinin nasil degistigi de ¢ikt1 olarak alinabilmektedir.ML modelin glivenilirligini, risk ol¢iitii ve
hassasiyetini R2, ortalama mutlak hata (MAE), kok ortalama kare hata (RMSE) metrikleri ile
Olceklendirmekteyiz. Kisaca R2 modelin genel uyumunu ve agiklama giiclinii 6lcer. MAE modelim
ortalamada ne kadar hata yapiyor? RMSE modelim biiyiik hatalar yapmaya ne kadar meyilli? Analizlerini
yaparak bize degerler vermektedir. Planlarda Gradient indeks (GI), Heterojenite Indeks (HI), Conformity
Indeks (CI), Yiiksek Doz Sagilmas1 (HDS%), Monitdér Unit (MU), Tedavi Zamam (BoT), Gama Analiz
sonuglar1 skorlamaya dahil edildi. Hedef hacmin boyutuna gore kiiciik (<lcc), orta (1-5cc) ve biiylik (>5cc)
olarak {i¢ grup, ayrica tedavi teknigi olarak da VMAT ve DCAT olarak iki grup olusturuldu. 102 hasta verisi
ile model 6gretmeyi tamamlandiginda klinik skorlamaya goére LinearRegression %99,73 ve ideal skorlamaya
gore XGBoost %91,67 skor ile en dogru yontem olarak bulundu. 102 hasta verisi iizerine 20 hasta verisi test
olarak eklendiginde klinik skorlamaya gore LinearRegression %99,54 ve ideal skorlamaya gore XGBoost
%75,13 skor ile en dogru yontem olarak bulundu.
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Klinik ve Ideal Skorlamada En Iyi ML Y&ntemi
ML METHODS R2 MAE RMSE | THEMOSTAPPROPRIATE ML METHOD
RandomForest 0.9467 0.5580 1.3653
CLINICAL SCORING RESULTS LinearRegression 09873 0.2400 0.3068 LINEAR REGRESSION
XGBoost 0.9216 0.5970 16561
MACHINE LEARNING MODEL RESULTS FOR 102 PATIENTS
RandomForest 0.8907 1.0824 18627
IDEAL SCORING RESULTS LinearRegression 0.8957 12516 16244 XGBOOST
AGBoost 0.9167 0.9623 1.4518
RandemForest 0.9679 0.3170 0.7692
CLINICAL SCORING RESULTS LinearRegression 0.9954 0.2527 0.2915 LINEAR REGRESSION
XGBoost 0.9887 0.1931 0.4557
MACHINE LEARNING MODEL RESULTS FOR 122 PATIENTS
RandomForest 0.6814 1.4529 21172
IDEAL SCORING RESULTS LinearRegression 0.7455 1.4497 1.8922 XGBOOST
XGBoost 0.7513 1.3564 1.8707

Anahtar Kelimeler: gama analizi, lineer regresyon, gradyent indeks, comformity indeks, homojenite
indeks, makine 6grenmesi, plan kalite indeksi, radyocerrahi, skorlama
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Evaluating and Scoring SRS/SRT Plans with Machine Learning

Yasemin Karapinar!, Serhat Cesur?, Mehmet Riza Adali?, Ismail Faruk Durmus*

Tstanbul Medipol University, Departmant of Health Physics

?Sakarya University, Departmant of Industrial Engineering

3Sakarya University, Departmant of Industrial Engineering

*Yeni Yuzyil University Gaziosmanpasa Hospital, Departmant of Radiation Oncology

Abstract: The aim of this study was to use Machine Learning (ML) to score, standardize, and monitor long-
term plan quality data for the evaluation of plan quality index and gamma analysis results in intracranial
radiosurgery patients.A total of 102 patient data sets (84%) were used for model training using Python (ver.
3.12), and the model was tested with 20 patient data sets (16%). RandomForest, LinearRegression, and
XGBoost were used as ML methods, displaying the results of whichever method was most appropriate for the
analysis. Scoring in plans essentially yields two distinct results: ideal scoring and clinical scoring. The clinical
scoring archive is updated with each patient's data entry. In other words, clinical scores are updated as patient
data is added, creating data sets with new average values. However, ideal scoring was designed by considering
the best results of plan quality indices according to the target volume. The change in plan scores over a desired
time interval or specific periods of the ML can also be output. We scale the reliability, risk measure, and
sensitivity of the ML model with R2, mean absolute error (MAE), and root mean square error (RMSE) metrics.
The Gradient Index (GI), Heterogeneity Index (HI), Conformity Index (CI), High Dose Scattering (HDS%),
Monitor Unit (MU), Treatment Time (BoT), and Gamma Analysis results were included in the scoring of the
plans. Three groups were formed based on the size of the target volume: small (<lcc), medium (1-5cc), and
large (>5cc). Additionally, two treatment techniques were formed: VMAT and DCAT. When model training
was completed with 102 patient data, LinearRegression was found to be the most accurate method with a score
of 99.73% based on clinical scoring and XGBoost was found to be the most accurate method with a score of
91.67% based on ideal scoring. When 20 patient data were added as a test to the 102 patient data,
LinearRegression was found to be the most accurate method with a score of 99.54% based on clinical scoring
and XGBoost was found to be the most accurate method with a score of 75.13% based on ideal scoring.
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The Most Appropriate ML Method for Clinical and Ideal Scoring

ML METHODS R2 MAE RMSE THE MOSTAPPROPRIATE ML METHOD
RandomForest 0.8467 0.5580 13853
CLINICAL SCORING RESULTS LinearRegression 0.9973 0.2400 0.3068 LINEAR REGRESSION
XGBoost 0.9216 0.5970 16561
MACHINE LEARNING MODEL RESULTS FOR 102 PATIENTS
RandomForest 0.8907 1.0824 1.6627
IDEAL SCORING RESULTS LinearRegression 0.8957 1.2516 16244 XGBOOST
XGBoost 0.9167 0.9623 1.4518
RandomForest 0.9679 0.3170 0.7692
CLINICAL SCORING RESULTS LinearRegression 0.9954 0.2527 0.2915 LINEAR REGRESSION
XGBoost 0.5887 0.1531 0.4557
MACHINE LEARNING MODEL RESULTS FOR 122 PATIENTS
RandomForest 0.6814 1.4529 21172
IDEAL SCORING RESULTS LinearRegression 0.7455 1.4497 1.8922 XGBOOST
XGBoost 0.7513 1.3564 1.8707

Keywords: gamma analysis, linear regression, gradient index, conformity index, homogenity index,
machine learning, plan quality index, radiosurgery, scoring
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Bildiri No: 9907
Yayimn No: SP004
Bildiri Grubu: Radyoterapi / Radyoterapide Dozimetri

Halcyon Lineer Hizlandiricida Octavius 4D ile Hasta Spesifik QA: Sistem Duyarlilig1 ve 2
mm Kurulum Hatalarinin Klinik Etkisi

Deniz Kisinma Azaklioglu', Giilay Giiray', Songiil Cavdar Karagam?, Didem Colpan Oksiiz'

'Tstanbul Universitesi-Cerrahpasa, Cerrahpasa T1p Fakiiltesi, Radyasyon Onkolojisi Anabilim Dals, Istanbul,
Tiirkiye

?{stanbun Universitesi- Cerrahpasa, Saglik Hizmetleri Meslek Yiiksekokulu, Radyoterapi Programi,
Istanbul, Tiirkiye

Ozet: Giiniimiizde gelismis radyoterapi teknikleri kullanimi1 yaygilasmis olup kalite kontrol testlerinin bir
rutin igerisinde yapilmasi onemlidir. Lineer hizlandiricida mekanik ve dozimetrik testler uygulandigi gibi
hastaya 6zgii kalite kontrol testleri yapilmaktadir. Setup hatalari, kalite kontrol testleri sirasinda tedavi
planinin dogrulugunu ve giivenilirligini etkileyebilir. Bu amagla Halcyon lineer hizlandiricida tedavi goren
hastalar i¢in Octavius 4D sistemi ile hasta bazli kalite kontrol testleri yapildi. Bu testlerde yazilim tizerindeki
olas1 yanlis degerlendirmelerin sistem duyarlilig1 lizerindeki etkisi degerlendirildi.Octavius 4D, PTW marka,
27x27 cm? alan boyutunda 1405 adet iyon odali ve merkezler aras1 mesafeleri 7,1 mmdir. Tedavi planlarinin
verifikasyonunda kullanilan gamma analizi ile doz farki (DD) ve kabul edilebilir mesafe (DTA) kriterleri
belirlenerek yapilmaktadir. Calismada; 7 beyin, 5 bag-boyun, 5 Toraks ve 9 pelvis radyoterapi hastalarinin
tedavi planlar1 Eclipse V18.1 olusturuldu ve Octavius 4D fantomuna aktarilarak tedavi kosullarinda
isinlamalar gergeklestirildi. En az %95 gamma ge¢me orani saptanmis hastalarda longitudunal, vertikal ve
lateral yonde 2 mm Verisoft yaziliminda kaydirma yapilarak sistem duyarliligi ve giivenirligi test edildi. %3-
3 mm degerlendirme kriterleri i¢in yapilan bu islemler sonrasinda her iki degerlendirme sonrasi sonuglar
karsilagtirildi. %3-3 mm degerlendirme kriterleri ile tiim hastalarda %95 klinik degerlendirme hedeflerine
ulagildig1 goriildii. En diisiik gamma oran1 %95,6 ile pelvis hastasinda goriilmiis olup 2 mm kaydirma
yapildiginda gamma ge¢cme orani %82,3 olarak hesaplandi. Diger yandan 2 mm kaydirma yapilan hastalarda
en diisiik %65,4 gamma gegme orani ile bas-boyun kanserli hastalarda goriildii. En yiiksek gamma ge¢cme
oran1 %98,8 ile iki hastada goriilmiis olup pelvis ve bas-boyun kanserli hastalara aittir.Octavius 4D ile yapilan
kalite kontrol testlerinde 2 mm’lik kurulum hatalarinin QA sonugclarini etkiledigi goriilmiistiir. Bu bulgu, hasta
QA siirecinde kurulum dogrulugunun 6nemli oldugunu gostermektedir.
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Gamma Analizi

Gamma Analiz Sonuglari

Bolge Setup_%3-3mm (%) | 2 mm kaydirma (%) Fark (%)

1 Beyin 96,6 91,6 5,18
2 Beyin 97,1 79 18,64
3 Beyin 98,2 96,9 1,32
4 Beyin 98,5 89,4 9,24
5 Beyin 97,2 89,8 7,61
6 Beyin 96,9 89,7 7,43
7 Beyin 98,8 94,2 4,66
8 | Bas-boyun 95,7 76,7 19,85
9 | Bas-boyun 96,1 65,4 31,95
10 | Bas-boyun 95,9 82,3 14,18
11 | Bas-boyun 97,1 89,1 8,24
12 | Bas-boyun 98,2 87,2 11,20
13 Toraks 97,4 87,7 9,96
14 Toraks 98,4 89,3 9,25
15 Toraks 95,7 88,5 7,52
16 Toraks 97,5 89,1 8,62
17 Toraks 97,8 85,5 12,58
18 Pelvis 95,9 85,6 10,74
19 Pelvis 98,7 91,7 7,09
20 Pelvis 97,9 89,3 8,78
21 Pelvis 96,8 86,3 10,85
22 Pelvis 97,3 75,6 22,30
23 Pelvis 98,8 87,4 11,54
24 Pelvis 96 88 8,33
25 Pelvis 95,6 82,3 13,91
26 Pelvis 96,1 87,3 9,16

Anahtar Kelimeler: Hasta Spesifik Kalite Kontrol, Kurulum Hatalari, Gamma Analizi
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Abstract No: 9907
Publish No: SP004
Abstract Group: Radiotherapy / Dosimetry in Radiotherapy

Halcyon Linear Accelerator Patient-Specific QA Using Octavius 4D: System Sensitivity and
the Clinical Impact of 2 mm Setup Errors

Deniz Kisinma Azaklioglu', Giilay Giiray', Songiil Cavdar Karagam?, Didem Colpan Oksiiz'

Istanbul University-Cerrahpasa, Cerrahpasa Faculty of Medicine, Department of Radiation Oncology,
Istanbul, Turkey

?Istanbul University-Cerrahpasa, Vocational School of Health Services, Radiotherapy Program, Istanbul,
Turkey

Abstract: The use of advanced radiotherapy techniques has become widespread, making routine quality
assurance (QA) tests increasingly important. In addition to mechanical and dosimetric tests on the linear
accelerator, patient-specific QA is performed. Setup errors can affect the accuracy and reliability of treatment
plans during QA. In this study, patient-specific QA tests were conducted for patients treated with the Halcyon
linear accelerator using the Octavius 4D system. The impact of potential software miscalculations on system
sensitivity was evaluated.The Octavius 4D (PTW) system consists of 1,405 ion chambers arranged over a
27x27 cm? area, with a 7.1 mm distance between centers. Verification of treatment plans was performed using
gamma analysis with dose difference (DD) and distance-to-agreement (DTA) criteria. Treatment plans for 7
brain, 5 head-neck, 5 thorax, and 9 pelvis patients were created in Eclipse V18.1 and delivered using the
Octavius 4D phantom under treatment conditions. For patients achieving at least 95% gamma passing rates,
system sensitivity and reliability were tested by shifting the plans 2 mm longitudinally, vertically, and laterally
in Verisoft software. Results were compared for both evaluation criteria using 3%/3 mm.Using the 3%/3 mm
evaluation criteria, all patients met the 95% clinical gamma passing criteria. The lowest gamma passing rate
was 95.6% in a pelvis patient, which decreased to 82.3% after a 2 mm shift. Among head-neck patients, a 2
mm shift resulted in the lowest gamma passing rate of 65.4%. The highest gamma passing rates, 98.8%, were
observed in two patients (pelvis and head-neck).Patient-specific QA tests using Octavius 4D demonstrated
that 2 mm setup errors can affect QA results. This finding highlights the importance of setup accuracy in
patient QA procedures.
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Region Setup 3%/ 3mm (%) | 2mm shift (%) Difference (%)

1 Brain 96.6 91.6 5.18
2 Brain 97.1 79 18.64
3 Brain 98.2 96.9 1.32
4 Brain 98.5 89.4 9.24
5 Brain 97.2 97.2 7.61
6 Brain 96.9 89.7 7.43
7 Brain 98.8 94.2 4.66
8 | Head- neck 95.7 76.7 19.85
9 | Head- neck 96.1 65.4 31.95
10 | Head- neck 95.9 82.3 14.18
11 | Head- neck 97.1 89.1 8.24
12 | Head- neck 98.2 87.2 11.20
13 Thorax 97.4 87.7 9.96
14 Thorax 98.4 89.3 9.25
15 Thorax 95.7 88.5 7.52
16 Thorax 97.5 89.1 8.62
17 Thorax 97.8 85.5 12.58
18 Pelvis 95.9 85.6 10.74
19 Pelvis 98.7 91.7 7.09
20 Pelvis 97,9 89.3 8.78
21 Pelvis 96.8 86.3 10.85
22 Pelvis 97.3 75.6 22.30
23 Pelvis 98.8 87.4 11.54
24 Pelvis 96 88 8.33
25 Pelvis 95.6 82.3 13.91
26 Pelvis 96.1 87.3 9.16

Keywords: Patient-Specific Quality Assurance (QA), Setup Errors, Gamma Analysis
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Bildiri No: 9221
Yayimn No: SP005
Bildiri Grubu: Radyoterapi / Radyoterapide Tedavi Planlama

Tim Meme Radyoterapisinde Tedavi Plan1 Se¢iminin Cok Kriterli Karar Verme Y 6ntemleri
ile Degerlendirilmesi: Fantom Calismas1 Ornegi

Ceren Akagiindiiz Ayrancioglu', Ceren Akagiindiiz Ayrancioglu®, Oguzhan Ayrancioglu®, Oguzhan
Ayrancioglu®, Tlknur Bilkay Gorken®

"Dokuz Eyliil Universitesi, Saglik Bilimleri Enstitiisii, Medikal Fizik Anabilim Dal1, izmir/Tiirkiye
?[zmir Tmaztepe Universitesi, Saglik Hizmetleri Meslek Yiiksekokulu, Otopsi Yardimeilig1 Programu,
[zmir/Tiirkiye

3{zmir Tmaztepe Universitesi, Saglik Hizmetleri Meslek Yiiksekokulu, Tibbi Gériintiileme Teknikleri
Programi, Izmir/Tiirkiye

*Izmir Timaztepe Universitesi Galen Hastanesi, Radyasyon Onkolojisi Béliimii, Izmir/Tiirkiye

SDokuz Eyliil Universitesi, Tip Fakiiltesi, Dahili Tip Bilimleri Boliimii, Radyasyon Onkolojisi Anabilim
Dali, izmir/Tiirkiye

Ozet: Radyoterapi (RT) tedavi planlamasi, ¢ogu zaman birbiriyle gelisen ¢ok sayida dozimetrik ve klinik
parametrenin degerlendirilmesini gerektirir. Doz-hacim histogramlar1 ve izodoz haritalar1 gibi geleneksel
araclar klinik degerlendirmede degerli olmaya devam etmekte ise de bu araglar karmasik veri setlerinin
karsilagtirilmasin1 desteklemezler. Bu nedenle, planlama parametrelerinin degerlendirilmesi klinisyenlerin
biligsel kapasitesini asabilmektedir. Bu calisma, optimal RT tedavi planinin nesnel ve sistematik bigimde
secimini kolaylastirmak icin yapilandirilmis birgok kriterli karar verme (CKKYV) ¢ercevesi dnermekte ve
klinik degerlendirmelerin tutarliliini artirmay1 amaglamaktadir. Caligmada, sol meme RT planlari ii¢ ayr
eksternal RT modalitesi (Ug Boyutlu Konformal Radyoterapi (Alan Iginde Alan Teknigi), Yogunluk Ayarl
Radyoterapi (IMRT) ve Voliimetrik Modiilasyonlu Ark Tedavisi (VMAT) kullanilarak olusturuldu. Klinik
kalite diizeyleri iyi, orta ve kotii olarak degisen her modaliteden {i¢ plan (toplam dokuz plan) antropomorfik
fantom bilgisayarli tomografi (BT) goriintiileri tizerinde hazirlandi. Degerlendirme kriterleri, hedef hacim
doz-hacim parametreleri, tedavi plani parametreleri ve risk altindaki organ sinirlamalarini kapsayacak sekilde
olusturuldu. Kriterlerin 6nem agirliklar1 CRITIC yontemi kullanilarak nesnel olarak hesaplandi. Planlarin
siralanmasinda bes farkli CKKYV teknigi (COPRAS, ARAS, TOPSIS, GRA, WASPAS) uygulandi ve sonuglar
aritmetik ortalama ve COPELAND yontemi kullanilarak toplulastirildi. Elde edilen plan siralamalari, klinik
referans siralama ile karsilagtirlldi. COPRAS, ARAS, TOPSIS ve WASPAS yontemleri elde edilen
siralamalarin referans siralama ile uyumlu oldugu, buna karsin GRA yontemi elde edilen siralamanin referans
siralama ile uyumsuz oldugu goriildii. Bu c¢alisma, optimal radyoterapi tedavi plani se¢imine yonelik
sistematik, gilivenilir ve veri temelli bir ¢ercevenin saglanmasinda CKKV yontemlerinin uygulanabilirligini
etkili bir sekilde ortaya koymaktadir. Bu amagla gelistirilen ve Varian Eclipse Tedavi Planlama Sistemi ile
calisacak sekilde tasarlanan yazilim, nesnel plan karsilagtirmalari sunarak klinik karar verme siire¢lerini
destekleme potansiyeline sahiptir. Gelecek ¢aligsmalarin, antropomortfik fantom yerine gercek hasta verilerini
icermesi ve farkli anatomik tedavi alanlarini kapsamasi, klinik uygulanabilirlik ve genellenebilirligi
artiracaktir.
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Aragtirma Metodolojisi

Figure 1. The Research Methodology

Generating Treatment Plans |

l Determination of Plan Fvaluation Criteria ]
[ Exparting Formarted Dats of Treamsens Plans using ANA fom Treaiment Plasning System 1
¥ L i
b
Reference Perlormance Ranking of t Creating the Hicranchical Frumework of the Troatment Plan Selection Problem ]
i Treatment Mlans
\ ¥
l Determisaton of Inporunce Weighs of Evalustion Crirenas (CRITIC) ]
Applcation of Diffcrest Muli-Criteris Decision Making Mctbods
L COPRAS ] L ARAS ] L GkA ] L TOPSIS ] L WASPAS |
1 } = i I B
Ferformance Perfimmes Pk Perk
Runking Hanking Tanking Rarking Ranking
Hosals | Resaks Results Resuks Results
Aggregation of Performance Ranking Reslis
Dittnined by Differcnt Muli-Critena Deoois ion Making Methods
Arithmtic Mean | COPELAND
Compartsen of Purfrmance Rankings: Individua] Multi-Criveria Decision Making Muthods & Aggregied Resubs with Refirence Raokings ]
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Anahtar Kelimeler: Cok Kriterli Karar Verme Y 6ntemleri, Radyoterapi, Tedavi Plan1 Se¢imi
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Abstract No: 9221
Publish No: SP005
Abstract Group: Radiotherapy / Treatment Planning in Radiotherapy

Treatment Plan Selection in Whole Breast Radiotherapy Using Multi-Criteria Decision-
Making Methods: A Phantom Study

Ceren Akagiindiiz Ayrancioglu!, Ceren Akagiindiiz Ayrancioglu®, Oguzhan Ayrancioglu®, Oguzhan
Ayrancioglu®, Tlknur Bilkay Gorken®

"Dokuz Eyliil University, Institute of Health Sciences, Department of Medical Physics, Izmir/Turkey
2Izmir Tinaztepe University, Vocational School of Health Services, Autopsy Assistance Program,
[zmir/Turkey

3]zmir Tinaztepe University, Vocational School of Health Services, Medical Imaging Techniques Program,
[zmir/ Turkey

“Izmir Tinaztepe University Galen Hospital, Department of Radiation Oncology, Izmir/ Turkey

Dokuz Eylul University, Faculty of Medicine, Department of Internal Medical Sciences, Department of
Radiation Oncology, Izmir/Turkey

Abstract: Radiotherapy (RT) treatment planning requires the evaluation of multiple, often conflicting
dosimetric and clinical parameters. Traditional tools such as dose-volume histograms and isodose maps
continue to play a valuable role in clinical evaluation; however, these tools do not support the comparison of
complex datasets. Therefore, evaluating the planning parameters may exceed the cognitive capacity of
clinicians to interpret the information effectively. This study proposes a structured multi-criteria decision-
making (MCDM) framework to facilitate objective and systematic selection of optimal RT treatment plans,
enhancing the consistency of clinical evaluations. Whole left breast RT plans were generated using three
external RT modalities — Three-Dimensional Conformal Radiotherapy Field-in-Field, Intensity-Modulated
Radiotherapy, and Volumetric Modulated Arc Therapy. Nine plans — three per modality, reflecting varying
clinical quality levels: good, moderate and poor — were accomplished using an anthropomorphic female
phantom. Evaluation criteria encompassed target volume dose-volume parameters, treatment plan parameters
and organ-at-risk constraints. Objective weights were assigned using the CRITIC method. Five MCDM
techniques were employed to rank the plans, and the results were aggregated using arithmetic mean and the
COPELAND method. The rankings compared with a clinically derived reference ranking. COPRAS, ARAS,
TOPSIS, and WASPAS showed strong agreement with the reference ranking, while GRA produced less
consistent results. This study effectively demonstrates the feasibility of employing MCDM methods to provide
a systematic, reliable, and data-driven framework for the selection of optimal radiotherapy treatment plans.
The software developed for this purpose, designed to work with the Varian Eclipse Treatment Planning
System, has the potential to support clinical decision-making by offering objective plan comparisons. Future
studies should extend this approach by incorporating actual patient data instead of an anthropomorphic
phantom, as well as by including different anatomical treatment sites to enhance clinical applicability and
generalizability.
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The Research Methodology

Figure 1. The Research Methodology
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Flow Diagram of the Methods Applied in the Study

Keywords: Multi-Criteria Decision-Making, Radiotherapy, Treatment Plan Selection
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Bildiri Grubu: Radyoterapi / Adaptif Radyoterapi

Varian Ethos Linerr Hizlandirici Cihazinda Online Adaptif Radyoterapi Planlarinin
Performansinin Degerlendirilmesi

Didem Dilara Gé¢mez?, Gokhan Aydin!, Banu Atalar!

"Mehmet Ali Aydinlar Actbadem Universitesi
*[stinye Liv Hospital - Oncohealth Medikal Sistemleri

Ozet: Bu calismanmn amaci, Varian Ethos Lineer Hizlandirici cihazinin online adaptif radyoterapi
performansinin degerlendirilmesidir. Caligma retrospektrif olarak hacimsel degisim, yeniden hesaplama ve
re-optimizasyon ile ii¢ asamada yapilandirilmistir. Online adaptif radyoterapi, giinlilk hacimsel farklarin
yliksek oldugu organlara yakin olan tiimorlerin tedavilerinde tedavi performansinin artirilmast igin
gelistirilmis bir tekniktir. Tedavide hastanin giinliik anatomisine adaptasyonu, hem hedef yapinin recete
dozunu almasi, hem de kritik organ yapilarinin maksimum korunmasinin saglanmasi hedeflenmektedir.
Calismada 27 prostat kanseri hastasinin 862 tedavi fraksiyonu retrospektif olarak incelenmistir. Referans
tedavi planinda tanimlanan kriterlerin saglanamadig1 18 fraksiyon re-optimizasyon yapilmak lizere secilmistir.
[k agsamada hastanin referans tedavi plan1 ve uygulanan adaptif fraksiyonundaki hedef ve kritik yapilardaki
hacimsel degisimler degerlendirilmistir. ikinci asamada uygulanan adaptif fraksiyonundaki tedavi plani, plan
tizerinde hicbir degisiklik yapilmadan Ethos TPS’inde hesaplamadaki stokastikligin degerlendirilmesi
amaciyla yeniden hesaplatilmistir. Son asamada referans tedavi planinda hedef ve kritik yapilar igin
tanimlanan direktiflerde higbir degisiklik yapilmadan sadece 6nem siralamalar1 degistirilerek re-optimizasyon
yapilmistir. Elde edilen bulgular, Ethos sisteminin giinliik anatomik degisikliklere doz degisimlerini yiiksek
oranda diizeltebildigini gostermektedir. Ancak, otomatik i akisi kritik yapilardaki yiiksek hacimsel farklar
icin ideal ¢Oziim iiretebilmede sinirh goriilmiistiir. Giinliik adaptif tedavi optimizasyonu sirasinda, sistemin
kullanic1 miidahalesine izin vermesi durumunda online adaptif tedavi planinin dozimetrik performansi
artirilabilecegi goriilmiistiir.
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Varian Ethos Lineer Hizlandiric1 Cihazi

Hedef ve kritik organ yapilarinin ortalama hacimsel degisimleri

Ortalama Hacimsel Degisimler
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Hedef Hacimler Referans Plan Hacmi ﬁgggilf Fraksiyon Yiizdelik Degisim

PTV-H 198,9cm? 180,6cm? 9,24%

PTV-L 817,1cm? 827,5cm’ 1.27%

Rektum 62,lcm? 70,9cm? 14,23%

Mesane 282,6cm? 125,2cm? 55,70%

Hedef ve Kritik Adaptif Fraksiyon |Yeniden Hesaplama |,.. . .

Yapilar Degeri Degeri Yiizdelik Degisim

PTV-H Dmax<%112[109,25% 109,14% 0,10%

PTV-H , , .

Vs600cGyst0s  |P211% 93,14% 1,12%

PTV-H , , .

DOsY>5600cGy  |°%55% 99,70% 0,16%

PTV-L , , .

V4800cGyst0s  |0752% 97,69% 0,17%

PTV-L . . .

DY%0525040cGy  |102:56% 103,15% 0,58%

Ei‘g;l -H(A 12,50% 10,60% 15,20%

Ei‘g;l -M(A 47,20% 46,60% 1.27%

lé‘jl‘]tj‘:lr;l -H(B 7.58% 8,95% 18,02%

lé‘jl‘]tj‘:lr;l -M (B 29.17% 27.05% 7.26%

gi‘gg;‘ -H(C 10,72% 11,79% 8.57%

}éﬁ‘g‘ -M(C 27.92% 29.70% 6.38%

1(\}4:;'53)6 -H(A 34.70% 34.10% 1.73%

gfj&‘;f -M(A 58.10% 59,50% 2.41%

1(\}/[;553)6 -H(B 38.46% 36,48% 5.15%

g/ﬁj‘l‘;)e -M(B 66,78% 66,80% 0,03%

g/lrf]jfl‘)e -H(C 39.15% 37.02% 5.46%

greus];rl‘)e -M(C 66,37% 60,06% 9.51%

Hedef ve Kritik Yap1 Adaptif Fraksiyon Re-Plan ) . N
Deseri Yiizdelik Degisim

Direktifleri g Degeri
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PTV-H Dmax<%112 [109,25% 111,23% 1,82%

5?5\6/61010(}y>%95 92.11% 94,69% 2,81%

52?65&?%95 97,52% I7.66% o1

féi‘é‘:gl SHA 500 9,70% 22,40%
féi‘é‘:lf;l MG 720 38,60% 18,22%
léﬁllllr;l -H(B 7,58% 10,22% 34,73%
Iéi(&l;)n -M (B 29,17% 29,20% 0,11%

Iéig)n SHE 2 60% 15,01% 19,12%
1(\}/[;5&?; SHA 709 21,40% 38,33%
1(\}42553)6 -M(a 58,10% 43,70% 24,78%
gﬁf];?)e SHB 750 31,53% 15,95%
g/lli:ls;rll)e -M(B 67.23% 56,32% 16,24%
1(\}/[:;5];?)6 -H(C 39,15% 34,38% 12,19%
1(\}4:11553)6 MEC 637 55,14% 16,93%

Referans ve adaptif plan arasindaki hedef ve kritik organ yapilarinin ortalama hacimsel degisimlerinde en
ylksek mutlak hacimsel degisim mesane organinda %55,70’tir. En kii¢iik hacimsel degisim ise diisiik doz
hedef hacmi olan PTV — L’da %1,27 dir.

Anahtar Kelimeler: Online adaptif radyoterapi, Varian Ethos lineer hizlandirici, OART re-optimizasyon,

OART yeniden hesaplama, Kritik organ hacimsel farklar., Online adaptif radyoterapi, Varian Ethos lineer
hizlandirici, OART re-optimizasyon, OART yeniden hesaplama, Kritik organ hacimsel farklar.
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Abstract No: 2955
Publish No: SP006
Abstract Group: Radiotherapy / Adaptive Radiotherapy

Evaluation of the performance of online adaptive radiotherapy plans on the Varian Ethos
Linear Accelerator

Didem Dilara Gé¢mez?, Gokhan Aydin!, Banu Atalar!

'Acibadem Mehmet Ali Aydinlar University
*[stinye Liv Hospital - Oncohealth Medical Systems

Abstract: The aim of this study is to evaluate the online adaptive radiotherapy performance of the Varian
Ethos linear accelerator. The study was retrospectively structured in three stages: volumetric change,
recalculation, and re-optimization. Online adaptive radiotherapy is a technique developed to improve
treatment performance for tumors located close to organs with large daily volumetric variations. Adaptation
to the patient’s daily anatomy aims both to ensure that the target volume receives the prescribed dose and to
maximize the protection of critical organ structures. In this study, 862 treatment fractions of 27 prostate cancer
patients were retrospectively analyzed. Eighteen fractions in which the criteria defined in the reference
treatment plan were not achieved were selected for re-optimization. In the first stage, volumetric changes in
the target and critical structures between the patient’s reference treatment plan and the delivered adaptive
fraction were evaluated. In the second stage, the adaptive fraction treatment plan was recalculated in the Ethos
TPS without any modifications to the plan, in order to assess the stochastic nature of the calculation. In the
final stage, re-optimization was performed by changing only the priority weighting of the directives defined
for the target and critical structures in the reference treatment plan, without altering the criteria themselves.
The findings demonstrate that the Ethos system can substantially correct dose variations caused by daily
anatomical changes. However, its automated workflow appears to be limited in generating optimal solutions
for cases with large volumetric differences in critical structures. It was observed that allowing user
intervention during daily adaptive treatment optimization could further improve the dosimetric performance
of online adaptive treatment plans.
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Mean volumetric changes of target and critical organ structures
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Average volumetric changes of target and organ-at-risk (OAR) structures
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£y

Target Volumes

Reference Plan

Adaptive Fraction

Percentage Change

Volume Volume
PTV-H 198,9cm? 180,6cm? 9,24%
PTV-L 817,1cm? 827,5cm? 1,27%
Rectum 62,lcm’ 70,9cm? 14,23%
Bladder 282,6cm’ 125,2¢m’ 35,70%
g?rrugcet:li:: Critical \A/;llegaetlve Fraction p - calculation Value Percentage Change
PTV-H Dmax<%1121109,25% 109,14% 0,10%
PTV-H 0 ) 0
V5600cGy>%95 | 117 14 L
PTV-H 0 0 0
D95%>5600cGy | >0 0 T0% 1%
PTV-L 0 0 0
V4800cGy>%95 97,52% OT65% 1T
PTV-L
D%95>5040cGy | 02207 103, 15% note
i?Ctum - H (Group 12,50% 10,60% 15,20%
i«;ctum - M (Group 145 5004 46,60% 1,27%
g;ectum - H (Group 7.58% 8,95% 18,02%
gictum - M (Group 29.17% 27,05% 7,26%
lé;ctum - H (Group 10,72% 11,79% 8,57%
léictum - M (Group 27,92% 29,70% 6,38%
il)adder - H (Group 34,70% 34,10% 1,73%
il)adder - M (Group 58.10% 59,50% 2.41%
g;adder - H (Group 38.46% 36,48% 5,15%
giadder - M (Group 66,78% 66,80% 0,03%
](?,:;adder - H (Group 39.15% 37,02% 5,46%
Bladder - M (Group 66.37% 60,06% 9,51%

&)
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Strre Dirctes [Value - |[RePln Value _[Percentage Change
PTV-H Dmax<%112(109,25% 111,23% 1,82%
522630Gy2%95 92,11% 74.69% S
Efzzéchyz%% 97,52% 97:66% o1
i‘;"mm -H(Growp 15 500, 9,70% 22,40%
i;:ctum - M (Group 47.20% 38,60% 18,22%
gictum - H (Group 7.58% 10,22% 34,73%
Eictum - M (Group 29.17% 29.20% 0,11%
Ié;ctum - H (Group 12.60% 15,01% 19,12%
Ié;ctum - M (Group 26,04% 31,82% 22.21%
il)adder - H (Group 34,70% 21,40% 38,33%
il)adder - M (Group 58.10% 43,70% 24.78%
g;adder - H (Group 37.52% 31,53% 15,95%
g;adder -M(Group 67 530, 56,32% 16,24%
](?;;adder - H (Group 39.15% 34,38% 12,19%
]é;adder - M (Group 66.37% 55,14% 16,93%

In the comparison of average volumetric changes of target and organ-at-risk structures between the
reference and adaptive plans, the largest absolute volumetric change was observed in the bladder at 55.7%,
while the smallest change was in the low-dose target volume (PTV-L) at 1.27%.

Keywords: Online adaptive radiotherapy, Varian Ethos linear accelerator, OART re-optimization, OART

recalculation, Volumetric differences in critical organs, Online adaptive radiotherapy, Varian Ethos linear
accelerator, OART re-optimization, OART recalculation, Volumetric differences in critical organs.
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Bildiri No: 4571
Yayimn No: SP007
Bildiri Grubu: Radyoterapi / Radyoterapide Tedavi Planlama

Bilateral Meme Radyoterapisinde VMAT ve dMLC Tedavi Tekniklerinin Akciger Dozlar1
Uzerine Etkisi

Yelda ELCIM', Bora UYSAL'
!Giilhane Egitim ve Arastirma Hastanesi Radyasyon Onkolojisi, Ankara

Ozet: Bilateral meme radyoterapisi, ayn1 ya da kisa zaman araliklariyla her iki memede invaziv meme kanseri
ya da DCIS (duktal karsinoma in situ) tanis1 almis ve meme koruyucu cerrahi (MKC) gecirmis hastalarda
adjuvan tedavi kapsaminda rutin olarak uygulanmaktadir. Bu ¢alismada; klinigimizde, belirlenen kriterleri
saglayan 10 hasta se¢ilmis ve Elekta Monaco® TPS (Tedavi Planlama Sistemi) kullanilarak iki farkl tedavi
modalitesinin VMAT (Volumetric Modulated Arc Therapy) ve dMLC (dynamic MultiLeaf Collimator)
akciger doz dagilimlar tizerine etkileri karsilagtirilmistir. Tedavi planlarinda; 50 Gy regetelenen doz, sag (R)
ve sol (L) meme hedef hacimlerine uygulanmis; total akciger VS5, V10, V20 ile mean dozlar
degerlendirilmistir. VMAT tekniginde R ve L meme V95 degerleri sirasiyla %97,35 ve %96,8 olarak
hesaplanirken, ayni1 parametreler AMLC tekniginde %96,57 ve %96,44 bulunmustur. Total akciger i¢in V5
degerleri VMAT ve dMLC tekniklerinde sirasiyla 51,01 Gy ve 81,33 Gy; V10 degerleri 32,90 Gy ve 57,80
Gy; V20 degerleri ise 18,8 Gy ve 30,62 Gy olarak saptanmistir. Akciger mean dozlar1 ise VMAT ve dMLC
tekniklerinde sirasiyla 11,01 Gy ve 17,45 Gy olarak bulunmustur. Sonug olarak, bilateral meme radyoterapisi
planlamasinda VMAT tekniginin dMLC teknigine gore akciger dozlar1 agisindan anlamli derecede daha diisiik
degerler sagladigi gortilmektedir.

Anahtar Kelimeler: Akciger Dozlar1, Bilateral Meme, dMLC, Radyoterapi, VMAT

152



2 O Ulusal Medikﬁi‘ri@)
8

Fizik Kongresi () ¢
6-9 Kasim 2025 ' x

Pine Bay Holiday Resort, Kusadasi / AYDIN / = N

Abstract No: 4571
Publish No: SP007
Abstract Group: Radiotherapy / Treatment Planning in Radiotherapy

The Effect of VMAT and dMLC Treatment Techniques on Lung Doses in Bilateral Breast
Radiotherapy

Yelda ELCIM', Bora UYSAL!
!Gulhane Training and Research Hospital, Department of Radiation Oncology, Ankara

Abstract: Bilateral breast radiotherapy is routinely administered as adjuvant treatment in patients diagnosed
with invasive breast cancer or ductal carcinoma in situ (DCIS) in both breasts, either simultaneously or within
a short interval, following breast-conserving surgery (BCS). In this study, 10 eligible patients were selected
from our clinic, and the effects of two treatment techniques—Volumetric Modulated Arc Therapy (VMAT)
and dynamic MultiLeaf Collimator (AMLC)—on lung dose distributions were compared using the Elekta
Monaco® Treatment Planning System (TPS). A prescribed dose of 50 Gy was delivered to the right (R) and
left (L) breast target volumes, and total lung V5, V10, V20, and mean doses were evaluated. For VMAT, the
R and L breast V95 values were 97.35% and 96.8%, respectively, whereas with dMLC these values were
96.57% and 96.44%. For the total lungs, the V5 values were 51.01% (VMAT) and 81.33% (dMLC), the V10
values were 32.90% and 57.80%, and the V20 values were 18.8% and 30.62%, respectively. The mean lung
doses were 11.01 Gy (VMAT) and 17.45 Gy (dAMLC). In conclusion, VMAT provided significantly lower
lung doses compared to dMLC in bilateral breast radiotherapy planning.

Keywords: Bilateral breast, IMLC, lung dose, Radiotherapy, VMAT
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Bildiri No: 5640
Yayin No: SP008
Bildiri Grubu: Radyoterapi / Radyoterapide Dozimetri

Halcyon TM 4.0 Linac Cihazinim Isin Verilerinin Dogrulanmasi: Olgiim ve Referans
Verilerin Karsilastirmasi

Giilay Giiray', Songiil Cavdar Karagam?, Didem Colpan Oksiiz!

1istanbul [:Jniversitesi- Cerrahpasa, Cerrahpasa T1p Fakiiltesi, Radyasyon Onkolojisi Anabilim Dali
*[stanbul Universitesi- Cerrahpasa, Saglik Hizmetleri Meslek Yiiksekokulu, Radyoterapi Programi

Ozet: Amag:Bu ¢alismada, HalcyonTM 4.0 lineer hizlandiric1 cihazinm klinik kabul siirecinde elde edilen
dozimetrik dl¢iim verilerinin dogrulugu degerlendirilmis ve bu veriler Eclipse Tedavi Planlama Sistemi’ne
(TPS) tanimlanan referans 1s1n verileriyle karsilastirilmistir. Gereg ve Yontem:Varian HalcyonTM 4.0 cihazi;
10x10 cm? alan boyutu ve 1,3 cm(dmax) derinliginde 1 cGy/1 MU olacak sekilde kalibre edilmistir. Profil
Ol¢iimleri, in-plane ve cross-plane yonlerinde (2x2, 4x4, 6x6, 8x8, 10x10, 20x20 ve 28x28 cm?) 1,3 cm, 5
cm, 10 cm, 20 cm ve 30 cm olmak iizere bes farkli derinlikte yapilmistir. En biiyiik alan boyutu olan 28%28
cm? i¢in diyagonal yonde de bes farkli derinlikte 1s1n profili dl¢iilmiistiir. Olgiilen 151n profilleri, merkez eksen
degerine gore normalize edilerek %100’e ayarlanmistir.Yiizde derin doz (PDD-Percentage Depth Dose)
Olgtimleri, 4x4 cm?’den 28%28 cm?’ye kadar olan alan boyutlarinda, SSD 90 cm’de alinmistir. Su fantomu
Olctimleri, PTW BeamScan’de 0,007 cm? hacimli Semiflex iyon odas1 kullanilarak gergeklestirilmistir. Elde
edilen veriler, referans 151n demeti (RBD) verileriyle karsilastirilmistir. Output 6l¢iimleri; kat1 fantomda, 10
cm derinlikte PTW Unidose Romeo elektrometrede; 5x5 cm?’den kiigiik alanlar i¢in Pinpoint iyon odasi, 5x5
cm*’den biiyiik alanlar i¢in ise PTW 0,6 cc iyon odasi ile alinmistir. Output faktorleri 10x10 cm? alana
normalize edilmistir. Elde edilen sonuglar TPS verileri ile karsilastirilmistir. Bulgular: TPR20,10 degeri 0,621
olarak bulunmugstur. PDD 6l¢iimleri, tiim alan boyutlar1 i¢in %1 uyum iginde tespit edilmistir. Maksimum
farklilik %3,8 olarak saptanmistir. Profil dl¢limlerinde, maksimum doz farkliliklar1 penumbra bolgesinde
gozlemlenmistir. Olgiilen penumbra bolgeleri referans beam data ile uyumludur. Diisiik doz kuyruklari
referans beam data ile %2 uyum gostermistir. Output faktorleri ise referans 1s1n demeti ile uyumludur.Sonug:
HalcyonTM 4.0 cihazinda, 4x4 cm? ile 28%28 cm? alan boyutlarinda Eclipse TPS’de AAA 18.1 algoritmasi
kullanilarak hesaplanan PDD, profil ve output dl¢iimleri referans 1sin verileri ile karsilastirilmistir. Uretici
firma tarafindan olusturulan ve Tedavi Planlama Sistemi’ne yiiklenen 151n modelleme verilerinin yapilan
Olctimlerle uyumlu oldugu belirlenmistir.
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Her Bir Alan Boyutu igin Olgiilen ve Referans PDD Data Karsilastirmasi

8x8 cm? 10x10 cm?

20x20 ¢cm? 28x28 cm?

Her Bir Alan Boyutu icin Olgiilen ve Referans PDD Data Karsilastirmasi

Anahtar Kelimeler: PDD, RBD, OF, TPS
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Abstract No: 5640
Publish No: SP008
Abstract Group: Radiotherapy / Dosimetry in Radiotherapy

Verification of Beam Data for the Halcyon™ 4.0 LINAC: Comparison of Measured and
Reference Data

Giilay Giiray', Songiil Cavdar Karagam?, Didem Colpan Oksiiz!

Istanbul University-Cerrahpasa, Cerrahpasa Faculty of Medicine, Department of Radiation Oncology
*Istanbul University-Cerrahpasa, Vocational School of Health Services, Radiotherapy Program

Abstract: Objective:The aim of this study is to evaluate the accuracy of dosimetric measurements obtained
during the commissioning process of the Halcyon 4.0 device and to compare these data with the reference
beam data loaded in Treatment Planning System (TPS).Materials and Methods:The Varian Halcyon 4.0 device
was calibrated to deliver 1 cGy /1 MU at a depth of 1.3 cm for a 10x10 cm? field size. Profile measurements
were performed in both in-plane and cross-plane directions for various field sizes (2x2, 4x4, 6x6, 8x8, 10x10,
20x20,and28x%28 cm?) at different depths. The measured dose profiles were normalized to 100% relative to
the central axis value. Percentage depth dose (PDD) measurements were acquired for field sizes ranging from
4x4 cm? to 28x28 cm? at an SSD of 90 cm. Water phantom measurements were performed using a PTW
BeamScan water phantom equipped with a Semiflex ionization chamber of 0.007 cm? volume. The obtained
data were compared point-by-point with the reference beam data (RBD).Output measurements were carried
out using a solid phantom and a PTW Unidose Romeo electrometer at 10 cm depth. Output factors were
normalized to the 10x10 cm? field size. The results were compared with the TPS data Results:PDD
measurements showed agreement within 1% for all field sizes, with a maximum discrepancy of 3.8%. The
largest dose differences in profile measurements were observed in the penumbra regions. Measured penumbra
widths were consistent with the reference beam data. The low-dose tails showed agreement within 2%
compared to the reference data. Output factors also demonstrated consistency with the reference beam
data.Conclusion:PDD, profile, and output measurements obtained for field sizes ranging from 4x4 cm? to
28%28 cm? on the. It was determined that the beam modeling data provided by the manufacturer and loaded
into the TPS are consistent with the performed measurements.
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Measured and calculated PDDs for each field size

8x8 cm? 10x10 cm?

20x20 ¢cm? 28x28 cm?

Measured and calculated PDDs for each field size

Keywords: PDD, RBD, OF, TPS
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Bildiri No: 4155
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Bildiri Grubu: Radyoterapi / Radyoterapide Dozimetri

Coklu Beyin Metastazlarinda Tek ve Coklu izomerkez Tekniklerinin Karsilastirilmasi: Versa
HD ve MatriXX ile Gamma Analizi

Ebru Cananoglu', N. Deniz Arslan!, Mert Cananoglu?, Mecit Canbolat?

'1.A.U. VM Medical Park Florya Hastanesi
2Oncotech Medikal Sistemler

Ozet: Amag: Coklu beyin metastazlarmin tedavisinde tek izomerkez (single-isocenter) ve ¢oklu izomerkez
(multi-isocenter) stereotaktik radyocerrahi (SRS) stratejileri kullanilabilmektedir. Bu ¢alismanin amaci, her
iki yaklasimi plan kalitesi, uygulama verimliligi ve klinik uygulanabilirlik acisindan karsilagtirmaktir.
Ozellikle Elekta Versa HD lineer akseleratoriinde IBA MatriXX kullanilarak yapilan hasta-6zel kalite kontrol
(QA) élgiimleri iizerinde durulmustur. Yontem: Ug ve iizeri metastatik odak iceren 10 hasta retrospektif olarak
planlandi. Her hasta i¢in RayPlan kullanilarak tek izomerkez VMAT planlar1 ve ¢oklu izomerkez dinamik ark
planlar1 olusturuldu. Planlar Versa HD cihazinda uygulanarak MatriXX iyon odast dizisiyle 3%/3 mm gamma
kriteriyle dogrulandi. Dozimetrik parametreler (konformite indeksi [CI], gradyan indeksi [GI], normal beyin
V12Gy), kritik organ dozlari, gamma gegis oranlar1 ve tedavi siireleri karsilastirildi. Bulgular: Tek izomerkez
teknigi, 1s1nlama siiresini ortalama %45 oraninda kisaltti. Yakin konumlu metastazlarda CI ve GI degerleri
benzer bulundu. Ancak odaklar aras1 mesafe 6 cm’yi astiginda tek izomerkez planlarinin gamma gegis orani
%98.6’dan %95.2’ye diistii. Coklu izomerkez planlar1 daha uzun siire gerektirse de kritik organ dozlarin1 daha
iyi siurladi ve QA sonuglar1 %98.8 gibi daha yliksek bir dogruluk gdsterdi. Sonug: Versa HD {izerinde tek
izomerkez SRS, yakin konumlu ¢oklu metastazlarda etkin ve giivenilir bir yontemdir. Ancak lezyonlar arasi
mesafe arttiginda ¢oklu izomerkez planlama daha avantajli hale gelmektedir. MatriXX tabanli QA sonuglari,
plan karmasiklig1 ve lezyon dagiliminin uygulanabilirligi dogrudan etkiledigini gostermistir. Klinik pratikte,
dogruluk ve verimlilik arasinda denge saglanmasi kritik 6nemdedir.
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. Coklu
Metrik ;foel;t Ijosnsl)e rkez Izomerkez (Ort [p-degeri
+ SS)
Plan Kalitesi  [wORiOM™e 11514005 (118006  [0.18
Indeksi (CI) ’ ’ ' ' ’
... |Gradyan
Plan Kalitesi indeksi (GI) 39+04 3.7+0.3 0.12
Kritik Organlar ?;glm vI2Gy 9.8+2.1 85+1.9 0.07
o
iy Beyin Sap1
Kritik Organlar Dmax (Gy) 11.2+14 108+ 1.3 0.32
.. Optik Kiazma
Kritik Organlar Dmax (Gy) 6.5+1.1 6.2+1.0 0.28
. Optik Sinir
Kritik Organlar Dmax (Gy) 73+1.3 7.0+1.2 0.3
o Hipokampus
Kritik Organlar Dmean (Gy) 3.8+£0.7 35+0.6 0.21
Verimlilik Eﬁglama Srest) p4+21  [2.6+38 <001
Masa
Verimlilik Kaydirma 1.0+ 0.0 4.2+0.8 <0.01
Sayis1
QA (MatriXX, |Gamma Gegis
3%/3 mm) Oran1 (%) 96.8 + 1.6 98.8+1.2 0.04

Anahtar Kelimeler: Dozimetri, SRS
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Abstract No: 4155
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Abstract Group: Radiotherapy / Dosimetry in Radiotherapy

Comparison of Single- vs. Multi-Isocenter Techniques for Multiple Brain Metastases:
Gamma Analysis on Versa HD Using MatriXX

Ebru Cananoglu', N. Deniz Arslan!, Mert Cananoglu?, Mecit Canbolat?

'1.A.U. VM Medical Park Florya Hospital
Oncotech Medical Systems

Abstract: Objective:The treatment of patients with multiple brain metastases can be performed using either
single-isocenter or multi-isocenter stereotactic radiosurgery (SRS) strategies. This study aimed to compare
these two approaches in terms of plan quality, delivery efficiency, and clinical feasibility. Special emphasis
was placed on patient-specific quality assurance (QA) performed on an Elekta Versa HD linear accelerator
with IBA MatriXX.Methods:Ten patients with >3 brain metastases were retrospectively planned using
RayPlan. For each patient, both a single-isocenter VMAT plan and multiple isocenter-based dynamic
conformal arc plans were generated while maintaining identical target volumes. Plans were delivered on the
Versa HD, and QA was performed using MatriXX ion chamber array under 3%/3 mm gamma criteria.
Dosimetric parameters (conformity index [CI], gradient index [GI], and normal brain V12Gy) as well as QA
passing rates were compared. Treatment times were also recorded.Results:Single-isocenter VMAT reduced
average beam-on time by nearly 45% compared to multi-isocenter plans. For clustered lesions, CI and GI
values were comparable between the two techniques. However, as lesion separation increased (>6 cm), single-
isocenter plans showed reduced accuracy, with MatriXX gamma passing rates dropping from 98.6% to 95.2%.
Multi-isocenter plans maintained higher consistency (average passing rate 98.8%) but required longer delivery
and more couch shifts.Conclusion:Single-isocenter SRS on Versa HD offers superior efficiency and clinically
acceptable QA performance for patients with multiple, closely located brain metastases. Multi-isocenter
planning remains advantageous for widely separated lesions, where geometric accuracy outweighs efficiency.
MatriXX-based QA confirmed that plan complexity and lesion distribution directly influence deliverability.
These findings highlight the importance of balancing treatment accuracy with efficiency in routine clinical
workflows.
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Comparison of Single- vs Multi-Isocenter SRS Plans for Multiple Brain Metastases

Single-  |Multi-
Metric Isocenter (Isocenter _value
(Mean+ |(Mean + p
SD) SD)
Plan Conformity |1.21 + 1.18 0.18
Qualityi (Index (CI) ]0.05 0.06 '
Plan Gradient
Quality  |Index (GI) 39+£04 (3.7+0.3 |0.12
Critical  (Brain V12Gy
Organs  |(%) 98+21 [85+19 |0.07
Critical  |Brainstem
Organs  |[Dmax (Gy) 11.2+1.4 (10.8 £ 1.3 |0.32
Critical ~ [Optic Chiasm
Organsr  [Dmax (Gy) 6.5+1.1 [6.2+£1.0 |0.28
Critical ~ |Optic Nerve
Organs  |[Dmax (Gy) 73+13 [7.0+12 |03
Critical ~ [Hippocampus
Organs  |Dmean (Gy) 3.8£0.7 [3.5+0.6 [0.21
Efficiency [ocem 0" 1124221 2.6+ 3.8 [<0.01
Time (min)
Efficiency gl‘;‘”h Shifts |y 100 42+08 |<001
QA Gamma
(MatriXX, |Passing Rate {96.8 + 1.6 [98.8 £ 1.2 |0.04
3%/3 mm) (%)

Keywords: Dosimetry, SRS
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MatriXX Resolution 2D-Array Sisteminin A¢it Bagimliliginin Arastirilmasi

Burak Ozyiirek!, Emre Tas', Yasemin Karapmar', Mustafa Caglar', Dursun Esitmez?, Ismail Faruk Durmus?

'Istanbul Medipol Universitesi, Saglik Bilimleri Enstitiisii, Saglik Fizigi Anabilim Dali
’Liv Hospital Ulus Hastanesi, Radyasyon Onkolojisi B6limii
3Yeni Yiizy1l Universitesi Ozel Gaziosmanpasa Hastanesi, Radyasyon Onkolojisi ABD

Ozet: Hasta tedavi planlarinin verifikasyonunda kullandigimiz Iba MatriXX Resolution 2D-array sisteminin,
masa iizerinde farkli ganrty acilarinda kullanilmasi durumunda, 6l¢iim sisteminin ag1 bagimlilig1 arastirilmasi
amaglandi. 6MV de 10x10cm?2 alan boyutunda -150° ila 150° arasinda belirli a¢1 araliklarinda 6lgtimler alindi.
Olgiimlerde hem alan boyutunun ortalama rélatif dozu hem de merkezdeki rélatif doz degerleri dikkate alindi.
Ikinci asamada gantry 0° merkez kabul edilerek £5° ila £150° arasinda belirli agilarda dl¢iimler almarak
birbirine zit iki a¢1 arasinda simetri incelendi. Son asamada ise +5° ila £150° arasinda belirli agilarda isocenter
dan 4,55cm uzakta dort kenarda alinan 6l¢iimlerde x ve y eksenlerde tiniformite incelendi.Alan boyutunun
ortalamasi1 ve merkezde alinan rolatif doz dlgiimlerinde -135° ila - 45° ve +45° ile +135° derece arasinda
yliksek ac¢1 bagimliligi oldugu goriildii (Grafik 1a). Merkezde nokta doz 6l¢timiinde £90° derecede maksimum
fark goriliirken, ortalama alan dikkate alindiginda £120° derecede maksimum farklar gézlemlendi. Birbirine
z1t iki agida merkezdeki ve 10x10cm2 alanda ortalama rolatif doz degerlerinde simetri incelendiginde, en
yiiksek farklar £120° %5’e varan degerler gozlendi. Ozellikle alanin ortalama doz degerinde her agida daha
biiylik farklar gozlendi (Grafik 1b). Dort kosede alinan dl¢limler de x ve y eksenlerinin rélatif doz degerlerinin
en fazla gantry 90° ve 120° {iniformitenin bozuldugu bulundu. Iki zit nokta arasinda bu agilarda 1.05’e kata
varan farklar oldugu bulundu (Grafik 1c).2D-Array sistemlerde ag1 bagimliligi, doz ve doz haritalarin hatal:
Olciilmesine ve yanlis degerlendirmelere yol agabilmektedir. MatriXX Resolution sistemi de 6zellikle -135°/-
45° ve +45°/+135° yiiksek a¢1 bagimlilig1 gostermektedir. Bu belirsizlik merkezde (nokta doz) daha az iken
10x10cm2 gibi alanlarda (doz haritalarinda) daha da artmaktadir. iki boyutlu sistemlerin dogal yapisi ve kiibik
iyon odalarinin kullanilmasi bu sistemlerin ya masada gantry 0° derece diizleminde ya da gantry ile es zamanli
hareket eden sistemlerle kullanilmalidir. Yani her zaman iyon odalar1 1s1n diizlemine dik acida
konumlandirilmalidir.
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MatriXX Resolution 2D-Array Sisteminde Gantry A¢isina Bagli Ol¢iim Farkliliklarin incelenmesi

s

MatriXX Resolution 2D-array sisteminde gantry agisina bagl doz farkliliklarinin analizi: (a) Merkez (mavi)
ve alan ortalama (turuncu) rélatif doz dl¢limlerinin gantry acisina baglh degisimi. (b) Zit gantry acilarinda
merkez ve alan ortalama i¢in gozlenen rolatif doz farklarinin yiizde cinsinden karsilastirilmasi. (c)
[zomerkezden 4,55 cm uzakliktaki dort noktada elde edilen 6l¢iimlerin simetrisi; x ve y eksenlerinde
iiniformitenin 6zellikle 90° ve 120° gantry agilarinda bozuldugu goriilmektedir.

Anahtar Kelimeler: 2D-Array Dozimetri, A¢1 Bagimliligi, Hasta-Ozel Kalite Giivencesi, MatriXX
Resolution, Radyoterapi
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Investigation into the Angular Dependence of the MatriXX Resolution 2D-Array System

Burak Ozyiirek!, Emre Tas', Yasemin Karapmar', Mustafa Caglar', Dursun Esitmez?, Ismail Faruk Durmus?

Tstanbul Medipol University, Graduate School of Health Sciences, Department of Health Physics
’Liv Hospital Ulus, Department of Radiation Oncology
3Yeni Yuzyil University Gaziosmanpasa Hospital, Department of Radiation Oncology

Abstract: The aim of this study was to evaluate the angular dependence of the Iba MatriXX Resolution 2D-
array system, which is commonly used for patient treatment plan verification in radiotherapy, when placed on
the treatment couch at different gantry angles. Measurements were performed with a 6 MV photon beam using
a 10 x 10 cm? field size at angular intervals between —150° and +150°. Both mean relative dose of the field
and central axis relative dose values were analyzed. In the second stage, taking gantry 0° as the reference,
measurements were acquired between +5° and +£150° to assess symmetry between opposing angles. In the
final stage, measurements at four points located 4.55 cm from the isocenter were obtained at the same angular
intervals to evaluate dose uniformity along the x- and y-axes. Results showed significant angular dependence
of both mean field dose and central axis dose between —135° to —45° and +45° to +135° (Figure 1a). Maximum
deviations in central point dose were observed at £90°, while the largest discrepancies in mean field dose
appeared at £120°. Symmetry analysis between opposing gantry angles revealed differences up to 5%, again
most pronounced at £120° (Figure 1b). Larger discrepancies were consistently observed in mean field dose
compared with central point dose. Peripheral measurements indicated that uniformity along the x- and y-axes
was most compromised at gantry 90° and 120°, with differences between opposing points reaching a factor of
1.05 (Figure 1c).These findings demonstrate that angular dependence in 2D-array detectors can result in
inaccurate absolute dose and planar dose distribution measurements, potentially affecting treatment plan
verification. The MatriXX Resolution system, in particular, shows marked angular dependence at —135°/—45°
and +45°/+135°. While uncertainty is less pronounced in central point dose, it increases in larger fields such
as 10 x 10 cm?. Due to the geometry of 2D arrays and cubic ionization chambers, these systems should either
be used at gantry 0° or integrated with setups moving synchronously with the gantry, ensuring ion chambers
are always oriented perpendicular to the beam axis.

164



2 0 Ulusal Medikdl | @\
e

Fizik Kongresi té

6-9 Kasim 2025 A
Pine Bay Holiday Resort, Kusadasi / AYDIN / ﬁ%l /)

Investigation of Gantry Angle—Dependent Measurement Variations in the MatriXX Resolution 2D-Array
System

Analysis of Gantry Angle—Dependent Dose Variations in the MatriXX Resolution 2D-Array System: (a)
Variation of relative dose measurements at the center (blue) and field average (orange) as a function of
gantry angle. (b) Percentage comparison of relative dose differences observed at opposing gantry angles for
the center and field average. (c) Symmetry of measurements obtained at four points located 4.55 cm from
the isocenter; dose uniformity along the x- and y-axes was particularly compromised at gantry angles of 90°

and 120°.

Keywords: 2D-Array Dosimetry, Angular Dependence, MatriXX Resolution, Patient-Specific Quality
Assurance, Radiotherapy
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Farkli Tomografi Cihazlarinda ve Tarama Protokollerinde Elde Edilen HU/ED Egrilerinin
Bas Boyun Hastalarinda Doz Dagilimina Etkisi

Emre Tas!, Burak Ozyiirek', Yasemin Karapmar', Mustafa Caglar', Dursun Esitmez?, Ismail Faruk Durmus?

'Tstanbul Medipol Universitesi, Saglik Bilimleri Enstitiisii, Saglik Fizigi Anabilim Dali
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Ozet: Ug farkli tomografide dual enerji tomografi (DECT), metal artifakt diizeltme (MAR) ve normal ¢ekim
protokolleri ile olusturulan Hounsfield Unit/Elektron Yogunlugu (HU/ED) egrilerinin karsilastirilmasi ve Bag
boyun hastalarinda doz dagilimina etkisinin arastirilmasi amaclanmistir. CATPHAN 503 ve Cylindrical
Virtual Water™ fantom (Gammex RMI, Middleton, WI) ile SPECT-BT (Siemens Pro Specta X3) cihazinda
130kV 110mAs ile normal ve MAR’l1 taramalar, BT (GE Revolution CT) cihazinda 120kV 100mAs ile
normal, MAR’li, DECT ve DECT+MAR’l1 taramalar, son olarak da PET-BT (Siemens Biograph mCT)
cthazinda 120kV 100mAs ile normal tarama yapildi. Toplamda ti¢ farkli BT cihazinda yedi farkli tarama
protokolii ile ¢ekimler yapildi ve HU/ED egrileri olusturuldu (Grafik 1). Bu yedi farkli HU/ED egrisi ile 11
bas boyun hastasinin plani tekrar hesaplatildi. Yedi farkli tarama ile elde edilen HU degerleri arasindaki farklar
0,001gr/cm3 en biiyiikk fark +49HU, 0.29gr/cm3 ila 1.135 gr/cm3 arasinda en biiylik fark £36HU fakat
1.557gr/cm3+170 HU ve 1.822gr/cm3 te en biiylik fark £319HU olarak bulundu.GE-BT ve SPECT-BT farkli
taramalar kendi i¢inde degerlendirildiginde her iki sistem i¢inde 1.822 gr/cm3 hari¢ tiim ED degerlerinde
maksimum +30HU olarak bulundu. Ug BT sistem arasinda 6zellikle yiiksek ED degerlerinde olusan farkin
yiiksek yogunluklu ortamlarda oldugu ve GE-BT de ii¢ tarama protokoliinde de her zaman yiiksek bulundu.
Bas-boyun hastalarinda PTV dozlarinda <%]1 fark goézlendi. Kritik organ dozlarinda spinal kanal %0.5, sol
parotiste %1.3, sag parotiste %0.8, 6zefagusta %0.2 ye varan maksimum farklar bulundu (Tablo1).Ug farkli
tomografi sisteminde yedi farkli ¢ekim protokolii ile olusturdugumuz HU/ED egrilerinde yiiksek yogunluklu
(kemik gibi) ortamlarda GE sisteminde HU degerlerinde artig goriildii, yogunluk arttik¢a farkin dahada arttig:
bulundu. Fakat bunun bas boyun hastalarinda biiyiik etki yapmadig1 goriildi.
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Farkli BT Tarama Programlari ile HU/ED Egrisi

Farkli BT Tarama Programlariile HU/ED Egrisi

MAR) ar t CCTHAAR) B~ Slermens SPT T (hes T

L)

an

Farkli BT Tarama Programlar1 ile HU/ED Egrisi

11 Bas Boyun Hastasinin 7 Farklt HU/ED Egrisine Gére Doz Dagilimina Etkisi

Spinal
PV Kanal  Sol Parotis SagParotis Orefagus
D95(cGy) D99(cGy) DifcGy) 0.03cc Mean (¢Gy) Mean (cGy) Mean (cGy)
GE 52995429 5030495 5826671 31332352 1987=732 2462599 19191111
GE (MAR) .
52962428 5028494 5821=670 31442366 1986=731  2461=508 1817=1112
GE (DECT)

5277438 5054474 5821649 31412343 1984730  2459=595 1515=1101

GE (DECT+MAR) i
5299428 5030=496 5827660 31482367 19844730 2461508 1920+1113

Siemens SPECT-BT (MAR) N
52972428 50282494 58012654 31492354 19832730 2458596 191921111

Siemens SPECT-BT ;
52833431 50182404 58192669 31442348 2011710 2479555  1917=1112

Siemens PET-BT ~
52924432 5023497 5820672 3136358 1985%730 24592597 19161111

11 Bas Boyun Hastasinin 7 Farkli HU/ED Egrisine Gore Doz Dagilimina Etkisi

Anahtar Kelimeler: Bas Boyun, Doz Dagilimi, Elektron Yogunlugu, Hounsfield birimi, Tarama
Protokolleri
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The Effect of HU/ED Curves Obtained from Different CT Scanners and Scanning Protocols
on Dose Distribution in Head and Neck Patients

Emre Tas', Burak Ozyiirek', Yasemin Karapmar', Mustafa Caglar!, Dursun Esitmez?, Ismail Faruk Durmus’
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ITstanbul Medipol University, Institute of Health Sciences, Department of Health Physics
’Liv Hospital Ulus, Department of Radiation Onchology
3Yeni Yiizy1l University Gaziosmanpasa Hospital, Department of Radiation Oncology

Abstract: The aim of this study was to compare Hounsfield Unit/Electron Density (HU/ED) curves generated
using dual-energy CT (DECT), metal artifact reduction (MAR), and standard scanning protocols on three
different CT systems, and to evaluate their impact on dose distribution in head and neck patients.Scans were
performed using the CATPHAN 503 and Cylindrical Virtual Water™ phantom (Gammex RMI, Middleton,
WI). On the SPECT-CT (Siemens Pro Specta X3), normal and MAR protocols were acquired at 130 kV and
110 mAs. On the GE Revolution CT, normal, MAR, DECT, and DECT+MAR protocols were obtained at 120
kV and 100 mAs. On the PET-CT (Siemens Biograph mCT), a normal protocol was acquired at 120 kV and
100 mAs. In total, seven different scanning protocols across three CT systems were performed, and HU/ED
curves were generated (Figure 1). These seven HU/ED curves were then used to recalculate treatment plans
for 11 head and neck patients.The differences in HU values varied by electron density. At 0.001 g/cm?, the
maximum difference was £49 HU; between 0.29—1.135 g/cm?, the maximum was 36 HU. At higher densities,
larger deviations were observed: 1.557 g/cm?® showed a maximum of +170 HU, and 1.822 g/cm? up to +319
HU. Within-system evaluations (GE-CT and SPECT-CT) showed that, except at 1.822 g/cm?, differences
remained within 30 HU. However, across the three systems, greater discrepancies occurred at higher electron
densities, particularly in dense materials, with GE-CT consistently yielding higher HU values across all
protocols.For clinical impact, recalculated patient plans showed <1% difference in PTV doses. For organs at
risk, maximum differences were 0.5% in the spinal canal, 1.3% in the left parotid, 0.8% in the right parotid,
and 0.2% in the esophagus (Table 1).In conclusion, HU/ED curves derived from seven scanning protocols on
three CT systems demonstrated increased HU values in high-density regions (e.g., bone) on the GE system,
with differences growing alongside electron density. However, these variations had minimal dosimetric
impact on head and neck patients.
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Farkli BT Tarama Programlariile HU/ED Egrisi

MAR) ar t CCTHAAR) B~ Slermens SPT T (hes T
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HU/ED Curve with Different CT Scanning Protocols

The Impact of Seven Different HU/ED Curves on Dose Distribution in 11 Head and Neck Patients

Spinal
PV Kanal  Sol Parotis SagParotis Orefagus
D95(cGy) D99(cGy) DifcGy) 0.03cc Mean (¢Gy) Mean (cGy) Mean (cGy)
GE 52995429 5030495 5826671 31332352 1987=732 2462599 19191111
GE (MAR) .
52962428 5028494 5821=670 31442366 1986=731  2461=508 1817=1112
GE (DECT)

5277438 5054474 5821649 31412343 1984730  2459=595 1515=1101

GE (DECT+MAR) i
5299428 5030=496 5827660 31482367 19844730 2461508 1920+1113

Siemens SPECT-BT (MAR) N
52972428 50282494 58012654 31492354 19832730 2458596 191921111

Siemens SPECT-BT ;
52833431 50182404 58192669 31442348 2011710 2479555  1917=1112

Siemens PET-BT ~
52924432 5023497 5820672 3136358 1985%730 24592597 19161111

The Impact of Seven Different HU/ED Curves on Dose Distribution in 11 Head and Neck Patients

Keywords: Dose Distribution, Electron Density, Head and Neck, Hounsfield Unit, Scanning Protocols
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Uc Boyutlu Baski Yéntemiyle Uretilen Bilgisayarli Tomografi Kalibrasyon Fantomunun
Yeniden Uretilebilirlik Analizi
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Ozet: Bu calismamin amaci, BT (bilgisayarli tomografi) incelemelerinde goriintii kalibrasyonu igin
kullanilabilecek, 3 boyutlu baski yontemiyle iiretilmis bir kalibrasyon fantomunun yeniden iiretilebilirligini
aragtirmaktir. Bu amag dogrultusunda, Raise3D Pro 3 Plus marka/model ii¢ boyutlu yazic1 ve PLA (polilaktik
asit) bazli iki tip filament kullanilarak, -500 ile +500 HU (Hounsfield Unit) arasinda farkli x 1511 sogurma
ozelliklerine sahip 40 silindirden (2 cm ¢ap, 5 cm boy) tiger adet (40x3) iiretilmistir. 40’ar silindirlik ii¢ gruba
Satiirn, Jiipiter ve Merkiir adlar verilerek {i¢ ayr1 kalibrasyon fantomu olusturulmustur. Fantomlar, Toshiba
Aqullion Prime BT cihazinda (120 kVp, 130 mAs, 300 mm FOV, 1 mm kesit) gorlintiillenmistir. Her silindirin
merkezine bir VOI (volume of interest) yerlestirilerek ortalama HU degerleri kaydedilmistir. Gruplar arasi
karsilastirma i¢in tek yonlii ANOVA, yeniden tretilebilirlik i¢in TK (tekrarlanabilirlik katsayis1) ve dl¢lim
uyumu i¢in Bland—Altman analizleri uygulanmistir ANOVA testi sonucunda fantom gruplar1 arasinda anlaml
farklilik bulunmamustir (p = 0.210). Tekrarlanabilirlik katsayis1 %95 giiven araliginda +16 HU olarak
hesaplanmistir. Calismadan elde edilen bulgular, ii¢ grup arasinda yiiksek diizeyde tutarlilik oldugunu
gostermektedir. Bu bulgular, 3B baski yonteminin BT kalibrasyon fantomu iiretiminde giivenilir bir sekilde
kullanilabilecegini, boylelikle klinik ve arastirma amagli uygulamalara katki saglayabilecegini ortaya
koymaktadir.

Anahtar Kelimeler: 3D Baski, Bilgisayarli tomografi, Fantom, Goriintii kalibrasyonu, Yeniden
iiretilebilirlik
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Reproducibility Analysis Of Computed Tomography Calibration Phantom Produced By
Three-Dimensional Printing
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“Dokuz Eyliil University, The Graduate School of Natural and Advanced Sciences, Department of Electrical
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Abstract: The aim of this study is to investigate the reproducibility of a calibration phantom, produced using
three-dimensional (3D) printing, that can be used for image calibration in computed tomography (CT)
examinations. For this purpose, using a Raise3D Pro 3 Plus 3D printer and two types of PLA (polylactic acid)-
based filament, three replicas (40 x 3) of 40 cylinders (2 cm in diameter, 5 cm in length), each with different
X-ray attenuation properties corresponding to -500 to +500 HU (Hounsfield Units), were manufactured. Three
separate calibration phantoms were created from the groups of 40 cylinders, named Saturn, Jupiter, and
Mercury. The phantoms were imaged with a Toshiba Aqullion Prime CT scanner (120 kVp, 130 mAs, 300
mm FOV, 1 mm slice thickness). A volume of interest (VOI) was placed at the center of each cylinder, and
the mean HU values were recorded. For intergroup comparison, one-way ANOVA was performed; for
reproducibility, the coefficient of repeatability (CR) was calculated; and for measurement agreement, Bland—
Altman analysis was applied.The ANOVA test revealed no significant differences between the phantom
groups (p = 0.210). The coefficient of repeatability was calculated as £16 HU at the 95% confidence
interval. The findings of the study demonstrate a high level of consistency among the three groups. These
results indicate that the 3D printing method can be reliably used in the production of CT calibration phantoms,
thereby contributing to both clinical and research applications.

Keywords: 3D Printing, Computed tomography, Image calibration, Phantom, Reproducibility
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Yeni Tip Bir Dozimetrenin Genis Doz Araliginda Beta Radyasyonuna Kars1 Duyarliliginin
Arastirilmasi
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' Ankara Universitesi, Niikleer Bilimler Enstitiisii
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Ozet: Bu calismada, arastirma kapsaminda laboratuvarda iiretilen KIM olarak adlandirdigimiz yeni tip
dozimetreler, yine laboratuvar ortaminda Sr-90/Y-90 (beta) kaynag ile 1sinlayarak ilgili dozimetrenin beta
radyasyonuna karst doz-yanit egrileri, hassasiyet ve dogrusallik parametreleri, glinlimiizde yaygin olarak
kullanilan TLD-100, BeO ve Gafchromic EBT4 dozimetrelerinin bir ve iki boyutlu yanitlart ile
karsilastirilmali olarak degerlendirilmistir. 1 Gy’de 1sinlayarak kalibre edilen TLD-100 ve BeO dozimetreler;
Gafcromik EBT4 dozimetreler ve KIM yeni tip dozimetreler belirlenen dozlarda Sr-90/Y-90 (beta) kaynagi
ile 1s1nlanarak TLD-100 dozimetreler Termoliiminesans (TL) yontemi, BeO dozimetreler Optikliiminesans
(OSL) yontemi, Gafcromik EBT4 dozimetreler diiz tarayici ile 1sinlandiktan sonra dijital doz analizi yontemi
ve KJM dozimetreler Elektron Spin Rezonans (ESR) yontemi ile elde edilen doz-yanit egrileri karsilagtirmali
olarak degerlendirilmistir. Elde edilen veriler degerlendirildiginde KIM dozimetrenin doz-yanit egrisi, yaygin
olarak kullanilan referans dozimetreleri ile benzer lineerlik gdsterdigi ve uyumlu oldugunu ortaya
koymaktadir. Yeni tip KJM dozimetrenin beta radyasyonuna karsi duyarliligi incelenen bu g¢alismada,
kullanilan referans dozimetrelerin diisiik ve yliksek doz araliginda doz-yanit egrileri ile uyumlu oldugu ve ek
olarak kullanilan referrans dozimetrelerin lineer doz araligindan daha genis doz araliginda calisabilir oldugu
kanitlanmistir. Bu nedenle ¢alismanin devaminda farkli radyasyon kaynaklarina karsi duyarliligi incelenecek
olup ¢alisma kapsami genisletilecektir. Bu calisma, Tiirkiye Bilimsel ve Teknolojik Arastirma Kurumu
(TUBITAK) tarafindan 224M184 numarali proje kapsaminda desteklenmektedir.

Anahtar Kelimeler: KJM, ESR, TLD-100, BeO, EBT4, Beta
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Investigation of the Sensitivity of a Novel Type of Dosimeter to Beta Radiation over a Wide
Dose Range

Aleyna KARAGOZ!, Okan SAR!, Ozgiil KARATAS?, Serap SAFRAN!

! Ankara University Institute of Nuclear Sciences
’Konya Technical University, Vocational School of Technical Sciences

Abstract: In this study, newly developed dosimeters, referred to as KJM, were fabricated within the scope of
the research in a laboratory setting and irradiated with an Sr-90/Y-90 (beta) source under the same conditions.
The dose—response curves, sensitivity, and linearity parameters of these dosimeters against beta radiation were
comparatively evaluated with the one- and two-dimensional responses of widely used dosimeters such as
TLD-100, BeO, and Gafchromic EBT4. TLD-100 and BeO dosimeters, calibrated at 1 Gy, as well as
Gafchromic EBT4 and the new KJM dosimeters, were irradiated at predetermined doses using the Sr-90/Y-
90 (beta) source. The dose—response curves were obtained by using the Thermoluminescence (TL) method
for TLD-100, the Optically Stimulated Luminescence (OSL) method for BeO, digital dose analysis via flatbed
scanner for Gafchromic EBT4 after irradiation, and the Electron Spin Resonance (ESR) method for the KIM
dosimeters, and were comparatively analyzed. The results demonstrate that the dose—response curve of the
KJM dosimeter exhibits linearity comparable to that of widely used reference dosimeters and is in good
agreement with them. In this study, which examined the sensitivity of the new KJM dosimeter to beta
radiation, it was found to be consistent with the dose-response curves of the reference dosimeters in both low-
and high-dose ranges, and, additionally, to operate effectively over a broader dose range than the linear dose
range of the reference dosimeters. Therefore, future work will focus on investigating the sensitivity of this
dosimeter to different radiation sources, thereby expanding the scope of the study.This study is supported by
the Scientific and Technological Research Council of Tiirkiye (TUBITAK) under project number 224M184.

Keywords: KIM, ESR, TLD-100, BeO, EBT4, Beta
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Dental Materyallerin Duyarlilik Artefaktlariin Manyetik Rezonans Goriintiilemede Farkl
Sekanslarda Karsilastirilmasi

Aynur KORKMAZ', Nazan KOCAK TOPBAS', Songiil BARLAZ US?, Kivang KAMBUROGLU?,
Feramuz Demir APAYDIN*
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3 Ankara Universitesi Dis Hekimligi Fakiiltesi A1z Dis ve Cene Radyolojisi Anabilim Dali
*Mersin Universitesi Tip Fakiiltesi Radyoloji Anabilim Dali

Ozet: Amag: Manyetik rezonans goriintilemede (MRG), parlaklik farkliliklarin1 tanimlamak icin sinyal
intensitesi kullanilir; ¢gevre dokulara gére daha parlak alanlar hiperintens, daha koyu alanlar hipointens olarak
adlandirilir. Agiz icinde yaygin kullanilan restoratif ve ortodontik materyaller ile implantlar, MRG’de
manyetik duyarlilik artefaktlarina yol agarak normal intensite dagilimini bozabilir. Ferromanyetik materyaller,
bazi bolgelerde sinyal kaybina yol acarak hipointens, bazi1 bolgelerde ise sinyallerin yigilmasi sonucu
hiperintens alanlar olusturur. Bu ¢alismada, dental materyallerin farkli MRG sekanslarinda olusturdugu
artefakt alanlar1 karsilastirilmistir.Gere¢ ve Yontem: Calismada, sekiz dental materyal insan maksilla ve
mandibula kemiklerine yerlestirilmistir: (kompozit rezin, amalgam, cam iyonomer siman (CIS), metal kron,
kalsiyum hidroksit medikamenti, kok kanal dolgusu, ortodontik braket ve bir dental implant (abutment ve
kok)). Ceneler parafin mum ile kaplanip su-jelatin karisimima gomiilerek fantom hazirlanmistir. 3T MRG
cihazinda T1-TSE, T1-TSE-VAT, T2-TSE ve T2-TSE-VAT sekanslari ile goriintii alinmis, RadiAnt DICOM
Viewer’da hipointens ve hiperintens alanlar 6l¢lilmiis ve istatistiksel analiz yapilmistir.Bulgular: Amalgam,
metal kron, implant abutment, braket ve Ca(OH). medikamenti materyallerinde sekanslar arasinda anlamli
fark bulunmustur (p<0,05). Kompozitte T2-TSE-VAT ile TI1-TSE arasinda fark gozlenmemis, diger
sekanslarda anlamli fark saptanmistir. CIS ve implantin kemik ici kisminda T2-TSE ve T1-TSE arasinda fark
yok, diger sekanslarda fark vardir. Kanal tedavili diste baz1 sekans karsilagtirmalarinda anlaml fark tespit
edilmig, T2-TSE-VAT ile TI-TSE smirda anlamlidir (p=0,052).Tartisma ve Sonug¢: Ferromanyetik
materyaller en genis artefakt alanlarmi olusturarak anatomik detaylari kaybettirmistir. Paramanyetik
materyaller daha kiiclik ama belirgin artefaktlar iiretmis, diyamanyetik materyallerde anlamli artefakt
olusmamistir. T2 sekanslar1 T1’e gore daha duyarlhidir; VAT teknigi artefaktlar1 kismen azaltir. Dental
materyallerin MRG artefakt olusturma egilimi manyetik 6zelliklerine baglidir; yapay zeka entegrasyonu
goriintii kalitesinin artirilmasinda kritik rol oynayabilir.

Anahtar Kelimeler: artefakt, dental materyal, hiperintens, hipointens, MRG
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Comparison of Susceptibility Artifacts of Dental Materials in Different Magnetic Resonance
Imaging Sequences
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"Mersin University Faculty of Dentistry, Department of Oral and Maxillofacial Radiology
2Mersin University Faculty of Medicine Department of Radiation Oncology

3 Ankara University Faculty of Dentistry, Department of Oral and Maxillofacial Radiology
“Mersin University Faculty of Medicine Department of Radiology

Abstract: Objective: In magnetic resonance imaging (MRI), signal intensity is used to describe brightness
differences; areas brighter than surrounding tissues are termed hyperintense, while darker areas are
hypointense. Commonly used restorative and orthodontic dental materials, as well as implants, can cause
magnetic susceptibility artifacts, disrupting normal intensity distribution. Ferromagnetic materials may lead
to signal loss in some regions (hypointense) and signal pile-up in others (hyperintense). This study aimed to
compare artifact areas caused by dental materials across different MRI sequences.Materials and Methods:
Eight dental materials were placed in human maxillary and mandibular bones: composite resin, amalgam,
glass ionomer cement (GIC), metal crown, calcium hydroxide (Ca(OH).) intracanal medicament, root canal
filling, orthodontic bracket, and a dental implant (abutment and fixture). The jaws were covered with paraffin
wax and embedded in a water-gelatin mixture to simulate clinical conditions. Imaging was performed on a 3T
MRI scanner using T1-TSE, T1-TSE-VAT, T2-TSE, and T2-TSE-VAT sequences. Hypointense and
hyperintense artifact areas surrounding each material were measured on coronal slices using RadiAnt DICOM
Viewer, and statistical analyses were conducted.Results: Significant differences were observed among all
sequences for amalgam, metal crown, implant abutment, bracket, and Ca(OH). medicament (p<0.05). For
composite, no significant difference was found between T2-TSE-VAT and T1-TSE, while other sequence
comparisons were significant. In GIC and the intrabony portion of the implant, T2-TSE and T1-TSE showed
no difference, whereas other sequences differed significantly. In root canal-treated teeth, some sequence
pairwise comparisons were significant, with a borderline difference between T2-TSE-VAT and T1-TSE
(p=0.052).Discussion and Conclusion: Ferromagnetic materials produced the largest artifact areas, obscuring
anatomical details. Paramagnetic materials generated smaller but noticeable artifacts, while diamagnetic
materials caused minimal artifacts. T2-weighted sequences were more sensitive to artifacts than T1, and VAT
partially reduced artifact size. Overall, the tendency to produce MRI artifacts depends on the magnetic
properties of the material. Artificial intelligence integration may play a critical role in improving head and
neck MRI image quality in the presence of dental materials.

Keywords: artefact, dental material, hyperintense, hypointense, MRI
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Tb-161 SPECT Goriintiilerinde Sagilma Diizeltme Yaklasimlarinin Karsilastirmali
Degerlendirmest

Melek Can'!, Didem Goksoy Demirel?, Gamze Capa Kaya®, Giil Giimiiser?, Yasemin Parlak?

"Niikleer Tip Teknikleri Programi, Saglik Hizmetleri Meslek Yiiksekokulu, Dokuz Eyliil Universitesi, Izmir
“Niikleer T1p Anabilim Dali, Tip Fakiiltesi, Manisa Celal Bayar Universitesi, Manisa
3Niikleer T1p Anabilim Dali, Tip Fakiiltesi, Dokuz Eyliil Universitesi, [zmir

Ozet: Hedefe yonelik radyoniiklid tedavide Lutesyum-177’ye (“7Lu) kiyasla gelecek vaat eden
alternatiflerden biri olan Terbiyum-161 (**'Tb), '"’Lu ile benzer sekilde yayilan B~ par¢aciklarinin yani sira
kisa menzilli yiiksek lineer enerji transferli Auger elektronlar1 da yaymakta ve boylece tedavi etkinligini
artirma potansiyeli tasimaktadir. Buna ek olarak, '*'Tb diisiik enerjili gama fotonlar1 yayarak goriintiileme i¢in
de uygun 6zellikler sunmaktadir. Ancak, s6z konusu gama fotonlar1 niikleer tip goriintiilemesinde Compton
sacilmalarina ugrayarak sekonder etkilesimlere neden olmakta ve goriintii kalitesini olumsuz yonde
etkilemektedir. Bu ¢alismada, sagilma kaynakli artefaktlari en aza indirmek amaciyla kullanilan ikili Enerji
Penceresi (DEW) ve Uglii Enerji Penceresi (TEW) sacilma diizeltme yéntemlerinin, '*'Tb SPECT fantom
gortintiilerine olan etkileri sistematik olarak degerlendirilmistir. Tb-161 aktivitesi ile doldurulmus kiiresel ve
dort adet ¢izgisel kaynak, Jaszczak SPECT fantomuna yerlestirilmis ve GE Healthcare marka Infinia model
gama kamera kullanilarak goriintiilleme gercgeklestirilmistir. Goriintiileme siirecinde diisiik enerjili yiiksek
coziiniirlikli (LEHR) kolimator ile donatilmis gama kamera sistemi tercih edilmistir. Elde edilen SPECT
goriintiilerine, bes farkli enerji pencere kombinasyonu kullanilarak DEW ve TEW sagilma diizeltme
yontemleri uygulanmistir. Sagilma diizeltme yoOntemlerinin etkinligi, diizeltilmis ve diizeltilmemis
goriintiilerden hesaplanan kontrast-giiriiltii oran1 (CNR), sinyal-giiriiltii oran1 (SNR) ve uzaysal rezoliisyon
(FWHM) parametreleri lizerinden karsilastirmali olarak degerlendirilmistir.Sagilma diizeltme yontemlerinin
uygulandigr '*'Tb goriintiilerinde, goriintli kalite parametreleri agisindan belirgin iyilesmeler elde edilmistir.
DEW ve TEW yontemleri karsilastirildiginda, en uygun enerji pencere kombinasyonunun kaynak
geometrisine bagli olarak degistigi saptanmistir. Cizgisel kaynak goriintiilerinde en yiiksek performans, 74,6
keV+%10 ana enerji penceresi ile +%4 sacgilma enerji penceresi kombinasyonunda DEW yontemi
kullanildiginda elde edilirken; kiiresel kaynak goriintiilerinde ise en iyi sonuglar, £%6 sagilma enerji penceresi
kombinasyonu ile TEW yontemi uygulandiginda elde edilmistir.Bu ¢alisma, DEW ve TEW sac¢ilma diizeltme
yontemlerinin goriintii kalitesini artirmada etkili oldugunu ortaya koymaktadir. Elde edilen bulgular, en uygun
goriintii kalitesine ulagabilmek i¢in uygulanacak diizeltme yontemi ve enerji penceresi kombinasyonunun,
gorlintiilenen kaynagin geometrisine (gizgisel veya kiiresel) bagli olarak optimize edilmesi gerektigini
gostermektedir.

Anahtar Kelimeler: kontrast-giiriiltii orani, sa¢ilma diizeltmesi, sinyal-giiriiltii oran1, Terbiyum-161,
uzaysal rezoliisyon
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Abstract: Terbium-161 (**'Tb), a promising alternative to lutetium-177 (*”’Lu) for targeted radionuclide
therapy, emits - particles similar to '7’Lu, as well as short-range Auger electrons with high linear energy
transfer, potentially increasing treatment efficacy. In addition, '*'Tb emits low-energy gamma photons,
offering suitable properties for imaging. However, these gamma photons undergo Compton scattering in
nuclear medicine imaging, causing secondary interactions and negatively impacting image quality. In this
study, the effects of Dual Energy Window (DEW) and Triple Energy Window (TEW) scatter correction
methods, used to minimize scatter artifacts, on ''Tb SPECT phantom images were systematically
evaluated.Spherical and four linear sources filled with ''Tb activity were placed in a Jaszczak SPECT
phantom, and imaging was performed using a GE Healthcare Infinia model gamma camera. A gamma camera
system equipped with a low-energy, high-resolution (LEHR) collimator was used for imaging. DEW and
TEW scatter correction methods were applied to the resulting SPECT images using five different energy
window combinations. The effectiveness of scatter correction methods was evaluated comparatively using the
parameters of contrast-to-noise ratio (CNR), signal-to-noise ratio (SNR), and spatial resolution (Full Width at
Half Maximum (FWHM)) calculated from corrected and uncorrected images.Significant improvements in
image quality parameters were achieved in '*'Tb images where scatter correction methods were applied. A
comparison of the DEW and TEW methods revealed that the optimal energy window combination varies
depending on the source geometry. For linear source images, the highest performance was achieved when the
DEW method was used with a 74.6 keV £10% main energy window and a +4% scatter energy window, while
for spherical source images, the best results were obtained when the TEW method was used with a £6% scatter
energy window.This study demonstrates that the DEW and TEW scatter correction methods are effective in
improving image quality. The findings show that the combination of correction method and energy window
should be optimized depending on the geometry of the imaged source (linear or spherical) to achieve optimal
image quality.

Keywords: contrast-noise ratio, scatter correction, signal-noise ratio, spatial resolution, Terbium-161
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Radyasyondan Korunmada Yeni Nesil Kompozitlerin Tanimlanmasi ve Degerlendirmesi
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Ozet: Giiniimiizde tibbi ve endiistriyel uygulamalarda radyasyondan korunmada uzun yillardir kursun (Pb)
yaygin olarak kullaniliyor olmasina ragmen kursunun toksikligi, cevresel ve is sagligi sorunlar1 ve agirlik gibi
dezavantajlar1 olmasindan dolay1 alternatif farkli elementlerden olusan kompozit materyallere ihtiya¢ her
gecen giin artmaktadir. Bu nedenle arastirmamizda, kursuna alternatif farkli elementlerden olusan
kompozitlerin gelistirilmesi ve en iyi x 1511 azaltimim saglayacak kompozitlerin Monte Carlo Simiilasyonu
ile belirlenmesi amaglandi. Calismamizda silikon, PVA ve epoksi gibi polimer matriksler ile bizmut, baryum,
tungsten, magnezyum ve demir gibi yliksek atom numarali dolgu maddelerinden farkli oranlarda karistirilarak
kompozit numuneleri tanimlanmasi i¢in XCOM yazilimi kullanildi. XCOM” da NIST (National Institue of
Standarts and Technology) veri taban1 kullanilarak segilen polimer ve dolgu karisimlari (6r. %10, %20, %30,
%40, %50) icin 20 keV — 200 keV araliginda kiitle sogurma katsayis1 (W/p) ve lineer sogurma katsayist ()
hesaplandi. Monte Carlo kod algoritmasi lizerinden uygun Ozelliklerde geometri ve ortam olusturularak,
XCOM’da belirlenen kompozitlerin radyasyon azaltiminda en iyi olan tespit edebilmek icin GEANT4 (for
Geometry and Tracking) tabanlit GAMOS (Geant4-based Architecture for Medicine-Oriented Simulations)
araylizi lizerinden uygun geometri tanimlar1 ile 107 foton carpistirilarak 3-boyut simiilasyonlar yapildi.
Yapilan 6n ¢alismalarda, belli oranlarda karistirilan birkag 6rnek silikon+ karisim 1’in yogunlugu 2.992 g/
cm?, silikon + karisim 2’in yogunlugu 3.732 g/cm? ve silikon + karisim 3’tin yogunlugu 4.658 g/cm? olup
bunlarm kiitle sogurma katsayilar1 kursun ile karsilastirilmistir. Ug farkli kompozitin zayiflatma katsayilari
karsilastirildiginda, diisiik enerjilerde (20—40 keV) tiim 6rneklerin yiiksek attenuasyon degerleri sergiledigi,
ancak en yliksek etkinin Kompozit 3’de elde edildigi goriildii. Bu ¢alismadan yola ¢ikarak belirli enerji
araliginda her malzeme farkl 6zellik gosterdiginden ¢alisma icinde daha farkli kombinasyonlarin demeleri
yapilarak en iyi kiitle sogurma katsayisina sahip olanlar ve MC simiilasyonunda da en iyi foton azaltma oraninm
veren kompozitin tiretilmesi bir sonraki ¢alismanin alt yapisini olusturmaktadir.

Anahtar Kelimeler: Radyoloji, Radyasyondan korunma, Zirhlama, Kompozit malzeme, X 151n1
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Definition and Evaluation of New Generation Composites in Radiation Protection

Halil Ibrahim Keskin'!, Aysegiil Yurt!, Hakan Epik!

"Dokuz Eyliil University

Abstract: Although lead (Pb) has been widely used for many years in medical and industrial applications for
radiation protection, the disadvantages of lead such as toxicity, environmental and occupational health issues,
and heavy weight have led to an increasing need for alternative composite materials composed of different
elements. Therefore, in our study, the aim was to develop composites composed of alternative elements to
lead and to determine, using Monte Carlo Simulation, the composites that provide the best X-ray attenuation.In
our study, XCOM software was used to define composite samples prepared by mixing different ratios of
polymer matrices such as silicone, PVA, and epoxy with high atomic number fillers such as bismuth, barium,
tungsten, magnesium, and iron. Using the NIST (National Institute of Standards and Technology) database
within XCOM, the mass attenuation coefficient (i/p) and the linear attenuation coefficient () were calculated
for selected polymer and filler mixtures (e.g., 10%, 20%, 30%, 40%, 50%) in the energy range of 20 keV —
200 keV. By creating appropriate geometries and environments through the Monte Carlo code algorithm,
three-dimensional simulations were performed by colliding 107 photons with suitable geometry definitions
via the GEANT4 (for Geometry and Tracking)-based GAMOS (Geant4-based Architecture for Medicine-
Oriented Simulations) interface, in order to identify the composites determined in XCOM that provide the
best radiation attenuation.In preliminary studies, the density of several examples mixed at certain ratios were
obtained as follows: silicone + mixture 1 = 2.992 g/cm?, silicone + mixture 2 = 3.732 g/cm?, and silicone +
mixture 3 =4.658 g/cm?, and their mass attenuation coefficients were compared with those of lead. When the
attenuation coefficients of the three different composites were compared, it was observed that all samples
exhibited high attenuation values at low energies (2040 keV), but the highest effect was obtained in
Composite 3.Based on this study, since each material exhibits different properties in a given energy range,
further trials of different combinations within the study form the basis for future work aimed at producing
composites with the best mass attenuation coefficients and those providing the highest photon attenuation rate
in MC simulation.

Keywords: Radiology, Radiation Protection, Shielding, Composite materials, x-ray
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Ozet: Bu ¢alismanin amaci, gama kamera ve SPECT (Single-Photon Emission Computed Tomography)
kamera sistemlerinde kalite kontrol testlerini NEMA (National Electrical Manufacturers Association) ve
IAEA (International Atomic Energy Agency) protokolleri ile karsilagtirmaktir. Caligmada GE NM/CT 850
cihazi kullanilarak doldurulabilir diizlemsel fantom, bar fantom ve silindirik fantom ile testler
gerceklestirilmistir. Icsel homojenite testi, sistem homojenite testi, PHA penceresinin merkezlenmesi testi,
COR (Center of Rotation) testi, igsel ve sistem uzaysal rezoliisyon testleri ile SPECT tomografik homojenite
testi yapilmistir. Testler i¢cin 99mTc radyoniiklidi kullanilmis olup, matrix boyutlar1 64x64 ile1024x1024
arasinda, sayim degerleri 10.000-60.000 kcounts arasinda degismistir. Icsel homojenite testinde NEMA igin
CFOV (Central Field of View) integral uniformitydegerleri dedektor 1 igin %2.128 ve dedektor 2 i¢in %1.907;
IAEA i¢in ise sirasiyla %1.732ve %1.342 olarak bulunmus olup, limitler (%3.0) i¢inde kalmistir. PHA
testinde FWHM (Full Width at Half Maximum) degerleri ~8.66 keV, enerji rezoliisyonu %6.16 olarak
hesaplanmis ve %10 limitinin altindadir. COR testinde AX ve AY sapmalart NEMA i¢in -0.12211 ile -0.03396
mm, [AEA i¢in -0.11447 ile 0.0635 mm arasinda olup, £0.55 mm limitinde kalmistir. Uzaysal rezoliisyon
testlerinde bar fantomdaki 4 farkli kalinliktaki ¢izgiler net ayirt edilebilmistir. Tomografik homojenite testinde
ring artefakti gozlenmemistir.
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SPECT/CT cihazinda silindirik fantom goriintiileri. SPECT goriintiisii (A). Atentiasyon diizeltme filtresi
uygulanmig SPECT goriintiisii (B). Tomografik homojenite goriintiisii (C)

A B C

Birinci dedektoriin CFOV ve UFOV degerleri

DEGER DEGER

(NEMA) (IAEA) DURUM KURAL
Detector #1 99m 99m
i7OTOP Tc Tc N/A N/A
Detector #1 FWHM 8.639 8.636 N/A N/A
Detector #1 Toplam | 550 g one | 30000 Kent. N/A N/A
Sayim
Detector #1 Peak 140.505 140.517 GECTI 140.5+-1.5
Detector #1 CFOV . _
Integral Uniformity 2.128 1.732 GECTI <=3.0
Detector #1 CFOV ; _
X-Diff Uniformity 1.639 1.125 GECTI <=2.1
Detector #1 CFOV : -
Y-Diff Uniformity 1.432 1.489 GECTI <=2.1
Detector #1 UFOV : -
Integral Uniformity 2.336 2.114 GECTI <=3.6
Detector #1 UFOV : -
X-Diff Uniformity 1.698 1.149 GECTI <=2.3
Detector #1 UFOV . _
Y-Diff Uniformity 1.432 1.489 GECTI <=2.3

Anahtar Kelimeler: Gama Kamera, Kalite kontrol, SPECT kamera, Ulusal Elektrik Ureticileri Birligi,
Uluslararas1 Atom Enerjisi Kurumu
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Comparative Analysis of Quality Control Protocols in Gamma Camera and SPECT Systems

Berat M. Caferoglu!, Murat Okutan?, Bilal Kovan®, Bayram Demir*

'TU Health Sciences Institute, Department of Basic Oncology, Department of Health Physics
’IU Oncology Institute, Department of Basic Oncology, Department of Health Physics

3IU Faculty of Medicine, Department of Nuclear Medicine

*IU Faculty of Science, Department of Physics, Department of Nuclear Physics

Abstract: The aim of this study is to compare the quality control tests of gamma camera and SPECT (Single-
Photon Emission Computed Tomography) camera systems using the NEMA (National Electrical
Manufacturers Association) and IAEA (International Atomic Energy Agency) protocols. Tests were
performed on the GE NM/CT 850 device with a fillable planar phantom, bar phantom, and cylindrical
phantom. The applied procedures included intrinsic and system uniformity, PHA window centering, COR
(Center of Rotation), intrinsic and system spatial resolution, and SPECT tomographic uniformity tests.
Technetium-99m was used as the radionuclide, with matrix sizes ranging from 64x64 to 1024x1024 and count
values between 10,000 and 60,000 kcounts. In the intrinsic uniformity test, CFOV (Central Field of View)
integral uniformity values were 2.128% and 1.907% for detectors 1 and 2, respectively, according to NEMA,
and 1.732% and 1.342% according to IAEA, all remaining within the 3.0% acceptance limit. In the PHA test,
FWHM (Full Width at Half Maximum) values were ~8.66 keV, and the energy resolution was 6.16%, below
the 10% threshold. In the COR test, AX and AY deviations ranged from -0.12211 to -0.03396 mm for NEMA
and from -0.11447 to 0.0635 mm for IAEA, remaining within the £0.55 mm limit. In the spatial resolution
tests, all four line widths of the bar phantom were clearly distinguished, while in the tomographic uniformity
test, no ring artifact was observed.
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Cylindrical phantom images on a SPECT/CT machine. SPECT image (A). SPECT image with attenuation
correction filter applied (B). Tomographic homogeneity image (C)

A B C

CFOV and UFOV values of the first detector

VALUE VALUE

(NEMA) (IAEA) STATUS RULE
Detector #1 99m 99m
ISOTOPE Tc Tc N/A N/A
Detector #1 FWHM 8.639 8.636 N/A N/A
Detector #1 Total | 16000 kent. | 30000 Kent, N/A N/A
Count
Detector #1 Peak 140.505 140.517 PASSED 140.5+-1.5
Detector #1 CFOV 2.128 1732 PASSED <=3.0
Integral Uniformity
Detector #1 CFOV _
X-Diff Uniformity 1.639 1.125 PASSED <=2.1
Detector #1 CFOV -
Y-Diff Uniformity 1.432 1.489 PASSED <=2.1
Detector #1 UFOV )5 336 2.114 PASSED <36
Integral Uniformity
Detector #1 UFOV _
X-Diff Uniformity 1.698 1.149 PASSED <=2.3
Detector #1 UFOV _
Y-Diff Uniformity 1.432 1.489 PASSED <=2.3

Keywords: Gamma camera, International Atomic Energy Agency (IAEA), National Electrical
Manufacturers Association (NEMA), Quality control, SPECT camera
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Bildiri No: 6196
Yayin No: SB008
Bildiri Grubu: Radyoterapi / Adaptif Radyoterapi

Larinks Kanserinde Adaptif Radyoterapi i¢cin Yeniden Planlama Zamanlamasi

Yildiray Ozgiiven!, Sule Parlar', Hasan Murat Caloglu!

!Trakya Universitesi

Ozet: Amac:Bu calismanin amaci, lokal ileri larinks kanseri hastalarinda radyoterapi siirecinde yeniden
planlamanin en uygun zamanini belirlemek ve bu zamanlamanin anatomik esikler (AE) ile dozimetrik esikler
(DE) agisindan farkliliklarini incelemektir.Y ontem:Caligsma, lokal ileri evre larinks kanseri tanili 20 hastay1
kapsamaktadir. Tiim tedaviler, hacimsel ayarli Ark terapi (VMAT) teknigi ile es zamanli ek doz (SIB)
yaklagimi uygulanarak, hedef hacimlere 54 Gy, 60 Gy ve 70 Gy dozlar pBT (planlama BT) iizerinden
olusturulan tedavi planlar ile verilmistir. Tedavi siiresince haftalik kV-CBCT goriintiileri ile pBT’si rijit
eslestirme yapilarak hastalar tedavi edilmistir. Daha sonra bu eslestirme degerleri iizerinden deforme edilebilir
gorilintli eslestirme (DIR) uygulanmistir. Boylece pBT sine ait HU degerleri korunarak sCT (sentetik BT)
gorlintiileri olusturulmustur. sCT’ler lizerinden haftalik doz birikim analizleri yapilmistir. Boyun ¢ap1 ve
parotis hacimlerindeki degisimler AE’lere gore, PTV ve OAR’larin doz degisimleri ise DE’lere gore
degerlendirilmistir. Bulgular:Tedavi siiresince boyun capinda ortalama -1,2 cm daralma ve parotislerde
yaklagsik %20 hacim kaybi izlendi. Doz birikimi analizlerinde, PTV54 icin D98% degerinde —1,92 Gy azalma,
PTV60 ve PTV70 i¢in sirasiyla —0,45 Gy ve —1,18 Gy sapma ortaya koydu. Ipsilateral parotiste +2,10 Gy,
kontralateral parotiste +1,46 Gy ortalama doz artis1 saptand1 (Sekil-1). Ugiincii haftada hastalarm yaklasik
%25-30’unda, altinc1 haftada ise %65’inde AE veya DE’lerin en az birinin asildig1 belirlendi (Sekil-2).
Ozellikle PTV54°’te erken donemde dozimetrik sapmalarin basladigi, parotislerde ise progresif hacim
kayiplarinin tedavi boyunca devam ettigi gézlendi. Bulgular, 6zellikle 3. haftanin adaptif yeniden planlama
icin kritik zaman noktasi oldugunu gdstermektedir.Sonug:Lokal ileri larinks kanseri hastalarinda adaptif
yeniden planlama i¢in en uygun zamanin ti¢lincii hafta oldugu gosterilmistir. Ancak AE ve DE’ler her zaman
eszamanlt agilmadigindan, yalnizca anatomik degisimlere dayali karar vermek yetersiz kalabilir. Bu nedenle
stirekli anatomik ve dozimetrik izlemi esas alan bireysellestirilmis adaptif yaklagimlar, tedavi etkinligini
artirirken OAR dozunu en aza indirmede daha giivenilir bir strateji sunmaktadir.
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Sekil-1: Hedef Hacimler ve Risk Altindaki Organlar i¢in Planlanan ve Biriken Dozlar Arasindaki Zaman
Bagimli Doz Farkliliklari

--m--  PTV54 (AD98%)
--m-- PTVS4 (AD93%)
--e-- PTV60 (AD98%)

*-- PTV60 (AD95%)

&-- PTVT0 (AD98%)
--a--  PIVT0 (AD95%)
*
*

Ipsiparotid (ADge.)
- Contra.parotid (ADg,)
Bilateral parotid (ADy )
= Spmal cord (ADpg)

Doz (Gy)

Zaman (hafta)

Sekil-2: Dozimetrik ve anatomik esik degerlerini asan hastalarin yiizdesi. Not: Golgelendirilmis alan,
anatomik esigi aganlar1 gostermektedir.

Anatomical threshold
+-  AR~lem for Neck diameter

-e#-o ADO0%2 Gy for PTVS4
e ADOY%=2 Gy for PTVG0
--e-- ADY9%=2 Gy for PTVTO
- ADa #15% for Ipsi. Parotid
m-- AD),

e > 1 5% for Contra Parotid

Has talarin Yiizdesi (% )

Zaman (hafta)

Anahtar Kelimeler: Larinks Kanseri, Goriintii Kilavuzlugunda Radyoterapi, Adaptif Radyoterapi, Doz
Birikimi
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Abstract No: 6196
Publish No: SB00S8
Abstract Group: Radiotherapy / Adaptive Radiotherapy

Replanning Timing for Adaptive Radiotherapy in Laryngeal Cancer

Yildiray Ozgiiven!, Sule Parlar', Hasan Murat Caloglu!

ITrakya University

Abstract: Purpose:This study aimed to determine the optimal timing for replanning during radiotherapy in
patients with locally advanced laryngeal cancer and to examine the differences in timing with respect to
anatomical thresholds (AT) and dosimetric thresholds (DT).Methods:The study included 20 patients
diagnosed with locally advanced laryngeal cancer. All treatments were delivered using volumetric-modulated
arc therapy (VMAT) with a simultaneous integrated boost (SIB) approach, prescribing 54 Gy, 60 Gy, and 70
Gy to the target volumes based on planning CT (pCT). Patients were treated with weekly kV-CBCT imaging
rigidly registered to pCT, followed by deformable image registration (DIR). Synthetic CTs (sCTs) were
generated by preserving Hounsfield unit values from the pCT, and weekly dose accumulation analyses were
performed on these sCTs. Changes in neck diameter and parotid volumes were assessed against ATs, while
dose variations in PTVs and organs at risk (OARs) were evaluated against DTs.Results:During treatment, the
mean reduction in neck diameter was —1.2 cm, and parotid glands exhibited an average volume loss of ~20%.
Dose accumulation analyses showed a decrease of —1.92 Gy in D98% for PTV54, while PTV60 and PTV70
demonstrated deviations of —0.45 Gy and —1.18 Gy, respectively. Ipsilateral and contralateral parotid glands
showed mean dose increases of +2.10 Gy and +1.46 Gy. At week 3, 25-30% of patients exceeded at least one
AT or DT, increasing to 65% by week 6. Early deviations were particularly observed in PTV54, while
progressive parotid shrinkage continued throughout treatment. These findings highlight the third week as a
critical timepoint for adaptive replanning.Conclusion:Adaptive replanning in locally advanced laryngeal
cancer is most appropriately performed around the third treatment week. However, since ATs and DTs are not
always exceeded simultaneously, decisions based solely on anatomical changes may be insufficient.
Continuous monitoring of both anatomical and dosimetric variations provides a more reliable strategy,
enabling individualized adaptive approaches that improve treatment efficacy while minimizing OAR doses.
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Figure-1: Time-Dependent Dose Differences Between Planned and Accumulated Doses for Target Volumes
and Organs at Risk

--m--  PTV54 (AD98%)
--m-- PTVS4 (AD93%)
--e-- PTV60 (AD98%)

*-- PTV60 (AD95%)

&-- PTVT0 (AD98%)
--a--  PIVT0 (AD95%)
*
*

Ipsiparotid (ADge.)
- Contra.parotid (ADg,)
Bilateral parotid (ADy )
= Spmal cord (ADpg)

Doz (Gy)

Zaman (hafta)

Figure-2: Percentage of patients exceeding dosimetric and anatomical threshold values. Note: The shaded
area indicates those exceeding the anatomical threshold.

Anatomical threshold
+-  AR~lem for Neck diameter

-e#-o ADO0%2 Gy for PTVS4
e ADOY%=2 Gy for PTVG0
--e-- ADY9%=2 Gy for PTVTO
- ADa #15% for Ipsi. Parotid
m-- AD),

e > 1 5% for Contra Parotid

Has talarin Yiizdesi (% )

Zaman (hafta)

Keywords: Laryngeal Cancer, Image-Guided Radiotherapy, Adaptive Radiotherapy, Dose Accumulation
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Bildiri Grubu: Radyoterapi / Radyoterapide Preklinik Caligmalar

Tiim Beyin Radyoterapisine Bagli Kognitif Disfonksiyonlarda Ginsengin Koruyucu Roli
Sevim Sahin', Cemile Ceylan?, Nihan Bayindir®, Biisra Ertas*, Alper Ozkan?, Birsen Elibol’, Goksel Sener®

Fenerbahge Universitesi, Miihendislik Fakiiltesi, Elektrik-Elektronik Miihendisligi Boliimii, Istanbul,
Tiirkiye

?{stanbul Onkoloji Hastanesi, Radyasyon Onkolojisi Boliimii, Istanbul, Tiirkiye

3Fenerbahge Universitesi, Saglik Hizmetleri Meslek Yiiksekoulu, Patoloji Laboratuvar Teknikleri Programu,
Istanbul, Tiirkiye

“Marmara Universitesi, Eczacilik Fakiiltesi, Farmakoloji AD, Istanbul, Tiirkiye

SIstanbul Medeniyet Universitesi, Tip Fakiiltesi, T1bbi Biyoloji AD, Istanbul, Tiirkiye

SFenerbahge Universitesi, Eczacilik Fakiiltesi, Farmakoloji AD, Istanbul, Tiirkiye

Ozet: Amag: Tiim beyin radyoterapisi (TBRT), beyin metastazlarmin tedavisinde yaygin kullanilan bir
yontem olmakla birlikte uzun donemde belirgin kognitif bozukluklara yol agmaktadir. Bu caligmada,
TBRT’ye bagli gelisen kognitif disfonksiyonlarda Panax ginseng’in noroprotektif —etkileri
arastirilmistir. Yontem: Sprague-Dawley siganlari ii¢ gruba ayrildi (kontrol, TBRT, TBRT+Ginseng, n=12).
18 Gy (3x6 Gy) TBRT sonrasi, ginseng grubuna 100 mg/kg Panax ginseng ekstrakti 60 giin boyunca oral
yolla verildi. Hayvanlarda kognitif performans Morris su labirenti (MWM), yeni nesne tanima testi (NORT)
ve agik alan testi (OFT) ile degerlendirildi.Bulgular: TBRT grubunda diskriminasyon indeksi (DI) anlamh
sekilde azald1 (p<0.001), ginseng tedavisi DI degerini artirarak bellek bozuklugunu diizeltti (p<0.001).
MWM’de TBRT grubunda kagis latensi uzadi (3. ve 4. giinlerde p<0.01), ginseng tedavisiyle kisald1 (p<0.05).
Ayrica hedef bolgede gegirilen siire TBRT grubunda azalmisken, ginseng tedavisi bu siireyi anlaml sekilde
artird1 (p<0.05). OFT’de gruplar arasinda anlamli bir fark bulunmadi.Sonug: Bulgularimiz, Panax ginseng’in
TBRT’ye bagh kognitif disfonksiyonlara kars1 koruyucu rol oynadigin1 gostermektedir. Ginseng, TBRT
sonrasi gelisen kognitif yan etkilerin azaltilmasinda destekleyici bir tedavi stratejisi olabilir.
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TBRT ve Panax ginseng uygulamasinin davranis testi sonuglari

- [
’iI-_“ ﬁiii

2

-
Latency 1 coter ccater (soc)
5

Explocarion Time (s5¢)
> “ 3 H

TBRT ve Panax ginseng tedavisinin sicanlarda davranigsal etkileri. A¢ik alan testi panellerinde (A—E)
gruplar arasinda anlaml fark gézlenmemistir. Yeni nesne tanima testinde (F—G) TBRT uygulanan grupta
diskriminasyon indeksi belirgin sekilde azalmis (*p<0.05; ***p<0.001), ginseng tedavisi bu bozulmay1
anlamli olarak diizeltmistir (+++p<0.001). Deney gruplari: kontrol, TBRT ve TBRT+Ginseng . Istatistiksel
anlamlilik gorseldeki isaretlerle gosterilmistir.

Anahtar Kelimeler: kognitif disfonksiyon, ndrogenez, panax ginseng, radyoterapi
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Protective Role of Ginseng Against Cognitive Dysfunction Induced by Whole-Brain
Radiotherapy

Sevim Sahin', Cemile Ceylan?, Nihan Bayindir®, Biisra Ertas*, Alper Ozkan?, Birsen Elibol’, Goksel Sener®

"Fenerbahge University, Faculty of Engineering, Department of Electrical and Electronics Engineering,
Istanbul, Turkey

?Istanbul Oncology Hospital, Department of Radiation Oncology, Istanbul, Turkey

3Fenerbahge University, Vocational School of Health Services, Department of Pathology Laboratory
Techniques, Istanbul, Turkey

“Marmara University, Faculty of Pharmacy, Department of Pharmacology, Istanbul, Turkey

SIstanbul Medeniyet University, Faculty of Medicine, Department of Medical Biology, Istanbul, Turkey
SFenerbahge University, Faculty of Pharmacy, Department of Pharmacology, Istanbul, Turkey

Abstract: Purpose: Whole-brain radiotherapy (WBRT) is widely used for the treatment of brain metastases,
but it is frequently associated with long-term cognitive impairments. This study aimed to investigate the
neuroprotective effects of Panax ginseng against WBRT-induced cognitive dysfunction.Methods: Thirty-six
male Sprague-Dawley rats were divided into three groups (control, WBRT, WBRT+Ginseng, n=12). WBRT
was delivered as 18 Gy in 3 fractions (6 Gy each). The WBRT+Ginseng group received 100 mg/kg Panax
ginseng orally for 60 days. Cognitive and behavioral functions were assessed using the Morris water maze
(MWM), novel object recognition test (NORT), and open field test (OFT).Results: In NORT, the
discrimination index (DI) was significantly reduced in the WBRT group (p<0.001), while ginseng treatment
rescued memory impairment and increased DI (p<0.001). In the MWM, WBRT rats showed prolonged escape
latency on days 3 and 4 (p<0.01), whereas ginseng significantly shortened escape latency (p<0.05) and
increased time spent in the target quadrant (p<0.05). OFT results indicated no significant differences among
groups.Conclusion: Our findings demonstrate that Panax ginseng exerts a protective role against WBRT-
induced cognitive dysfunction by improving learning and memory performance. Ginseng supplementation
may represent a supportive strategy to alleviate cognitive side effects following WBRT.
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Behavioral outcomes of WBRT and Panax ginseng

5 [11]

»
3
o

2

&
.AG;S

Latesacy ® enter conter (s0¢)
Number of square crossing
5
8

o 8

Effects of WBRT and Panax ginseng treatment on behavioral outcomes in rats. No significant differences
were observed among groups in the open field test panels (A—E). In the novel object recognition test (F-G),
WBRT markedly reduced the discrimination index (*p<0.05; ***p<0.001), whereas ginseng treatment
significantly rescued this impairment (+++p<0.001). Experimental groups: control, WBRT, and
WBRT+Ginseng. Statistical significance is indicated on the figure.

Keywords: cognitive dysfunction, neurogenesis, panax ginseng, radiotherapy
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Bildiri No: 3491
Yaym No: SB010
Bildiri Grubu: Radyoterapi / Radyoterapide Dozimetri

Serviks Timorlerinin Radyoterapisinde Transit Dozimetre ile Tedavi Dogrulanmasinin
Arastirilmasi

Dicle ADIGUZEL', Canan Koksal Akbas?, Kamuran Arslan Ibis?, Seden Kiiciiciik?, Leyla Siincak?, Hatice
Bilge Becerir?

'Istanbul Universitesi Saglik Bilimleri Enstitiisii
?{stanbul Universitesi Onkoloji Enstitiisii

Ozet: Servikal kanser radyoterapisinde dogru doz iletimi, 6zellikle mesane ve rektum gibi risk altindaki kritik
organlarin (OARs) hacmindeki degisikliklerden 6nemli 6l¢iide etkilenebilir. Bu anatomik degisiklikler,
planlanan ve uygulanan dozlar arasinda farkliliklara yol agabilir. In-vivo dozimetri, ger¢ek doz iletimini
dogrulamanin bir yontemini sunar ve Varian Halcyon sistemine entegre edilen Elektronik Portal Goriintiileme
Cihaz1 (EPID), bu siireci transit doz dlgiimleri yoluyla kolaylastirir.Bu ¢alisma, servikal kanser hastalarinda
EPID tabanli transit dozimetri kullanilarak giinliik tedavi tekrar edilebilirligini degerlendirmeyi amaglamaigstir.
20 hasta, Eclipse Tedavi Planlama Sistemi (TPS) ile olusturulan ve Varian Halcyon lineer hizlandiricida
uygulanan volliimetrik modiile ark tedavisi (VMAT) planlar ile tedavi edilmistir. Calisma grubuna, 10’u tek
izomerkez ve 10’u ¢ift izomerkez planlarla tedavi edilen toplam 20 hasta dahil edilmistir. Giinliik transit
goriintiiler tedavi siiresi boyunca EPID ile elde edilmistir. ilk fraksiyonun ¢ikis doz akisi referans olarak
alimmis ve tiim sonraki fraksiyonlar bu referansla karsilagtirilmistir. Karsilastirmalarda gamma indeks analizi
%3/3 mm ve %3/5 mm kriterleriyle yapilmistir.Sonuglar, yalnizca kemik yapilarin anatomik hizalanmasinin
dogru doz iletimi i¢in yeterli olmadigin1 gostermistir. Mesane dolulugundaki degisiklikler ve rektumun
bosaltilmasi, transit doz uyumunu O6nemli Olgiide etkilemistir. Bu faktorlerin yeterince kontrol altina
alimmadig1 durumlarda, planlanan doz dagilimindan anlamli sapmalar gozlemlenmistir.
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Tedavi Planlarinin EPID Dozimetrisi Yoluyla Analiz Ornegi

LE PP

Pancd (N 21 Thevshold 50 W

Cikis dozunun aki haritalari, referans (ilk fraksiyon) ile sag tarafta gosterilmektedir. Orta boliim, herhangi
bir diger fraksiyonun ¢ikis dozuna ait aki haritalarin1 gostermektedir. Sol boliim ise, ilk fraksiyona ait transit
gorintiileri baska bir fraksiyonla karsilastirmaktadir. Alt sag ve sol kisimda, ¢ikis dozuna ait aki
haritalarindaki farkliliklarin grafiksel karsilastirmasi sunulmaktadir.
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20 Hastada 25 Fraksiyon i¢in Giinlilk Gama Analizinden Hesaplanan Ortalama ve Standart Sapma Degerleri

%3- 3MM %3- SMM
_ TEK CIFT TEK CIFT
FRAKSIYON
[ZOMERKEZ IZOMERKEZ 1IZOERKEZ iZOMERKEZ

1 BASELINE BASELINE BASELINE BASELINE
2 99,28+0,99 98,39+1,61 99,7+0,42 98,9+1,70
3 98,98+1,45 97,943,11 99,46+0,98 98,73+2.76
4 98,3+1,61 98,61+1,78 99,25+0,80 99,1+1,87
5 99,12+1,12 98,442 37 99,7+0,43 98,9+2.35
6 98,1+3,53 96,63+3,81 98,99+1,97 97,8+3,32
7 98,79+1,57 97,34+3,48 99.45+0,84 98,3+2,75
8 97,91+3,74 96,56+4,41 98,96+1,97 98+3.10
9 97,64+2,85 96,96+3,16 99,01+1,39 98,3+2.43
10 97,18+3,02 97,16+3,88 98,57+1,54 98,442.56
11 97,2342,75 98,08+2,84 98,63+1,44 98,9+1,81
12 97,80+2,57 96,84+4 98,89+1,60 98,2+3.04
13 97,83+3,81 96,30+3,60 98,9242,15 97,9+2.79
14 97,22+3,95 96,7+3,96 98,62+2,12 98,1+2,84
15 96,09+5,05 95,7146,20 97,91+2,90 97,54+4.26
16 93,84+6,54 96,83+4,38 96,43+4 98,2242 86
17 95,08+7,04 96,93+4,76 97,04+4.71 98,18+3,44
18 96,64+5,16 96,43+5,24 98,27+3,09 98,05+3,31
19 94,97+7,31 98,38+2,79 97,06+4,82 99,07+1,71
20 91,80+8,21 98,40+2,10 95,16+5,62 99,01+1,80
21 93,7249,38 98,44+2.20 96,3+6,4 99.2+1,21
22 93,58+8,14 95,97+5,58 96,25+5.3 97,5+3,84
23 90,6+10,82 97,20+3,87 94,1+7,2 98.,4+2.61
24 89.5+12,5 95,87+4.79 93,149 97,742,774
25 87,86+12,52 95,32+4.64 91,71+9,2 97,3+2,98

389 /5.000 20 serviks kanseri hastasinin tedavi hacimleri, tek izomerkezli planlar i¢in 1084,8 cc ile 1530,3
cc arasinda, ¢ift izomerkezli planlar i¢in ise 1250 cc ile 3088,2 cc arasinda degismistir. Toplam 25 giin
boyunca, transit dozimetre ile ¢ikis dozu EPID kullanilarak 6l¢iilmiis ve 6nceden tanimlanmis iki gama
kriterine gore analiz edilmistir. Hesaplanan ortalama ve standart sapma degerleri Tablo'da sunulmustur.

Anahtar Kelimeler: Serviks Kanseri, VMAT, EPID Dozimetri, Transit Dozimetri, In Vivo Doz

Dogrulamasi
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Abstract No: 3491
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Abstract Group: Radiotherapy / Dosimetry in Radiotherapy

Investigation of Treatment Verification with Transit Dosimeter in The Radiotherapy of
Cervical Tumors

Dicle ADIGUZEL', Canan Koksal Akbas?, Kamuran Arslan Ibis?, Seden Kiiciiciik?, Leyla Siincak?, Hatice
Bilge Becerir?

Istanbul University Health Sciences Institute
?Istanbul University Oncology Institute

Abstract: Accurate dose delivery in cervical cancer radiotherapy can be significantly affected by variations
in the volume of critical organs at risk (OARSs), particularly the bladder and rectum. These anatomical changes
may lead to discrepancies between planned and delivered doses. In vivo dosimetry offers a means to verify
actual dose delivery, and the Electronic Portal Imaging Device (EPID) integrated into the Varian Halcyon
system facilitates this process through transit dose measurements.This study aimed to evaluate daily treatment
reproducibility using EPID-based transit dosimetry in cervical cancer patients. Twenty patients were treated
using volumetric modulated arc therapy (VMAT) plans generated in the Eclipse Treatment Planning System
(TPS) and delivered on a Varian Halcyon linear accelerator. The cohort included 10 patients with single-
isocenter and 10 with dual-isocenter plans. Daily transit images were acquired with EPID throughout the
treatment course. The exit dose fluence from the first treatment fraction was used as the baseline, and all
subsequent fractions were compared to this reference using gamma index analysis with 3%/3 mm and 3%/5
mm criteria. The results indicated that anatomical alignment of bony landmarks alone is not sufficient to ensure
accurate dose delivery. Variations in bladder filling and rectal emptying were found to substantially influence
the transit dose agreement. In cases where these factors were not adequately controlled, significant deviations
from the planned dose distribution were observed.
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Example of Analysis of The Exit Doses With Transit Dosimeter Using EPID

LE PP

Pancd (N 21 Thevshold 50 W

The fluence maps of the exit dose from the baseline (first fraction) are shown on the right. The middle
section displays the fluence maps of the exit dose from any other fraction, while the left section compares
the transit images from the first fraction to those of another fraction. At the bottom right and left, graphical
comparison of the differences in the fluence maps of the exit dose are displayed.
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The Mean and Standard Deviation Values Calculated From The Analysis of Daily Gamma Values of 20
Patients in 25 fractions

%3- 3MM %3- SMM
FRACTION SINGLE DUAL SINGLE DUAL
ISOCENTER | onron  ISOCENTER  ISOCENTER

1 BASELINE BASELINE BASELINE BASELINE
2 99,28+0,99 98,39+1,61 99,7+0,42 98,9+1,70
3 08,98+1.,45 97,9+3.11 99,46+0,98 98,73+2,76
4 98,3+1,61 98,61+1,78 99,25+0,80 99,1+1,87
5 99,12+1,12 08,4+2,37 99,7+0,43 98,942,35
6 98,1+3,53 96,63+3.81 98,99+1,97 97,8+3,32
7 98,79+1,57 97,34+3,48 99,45+0,84 98,3+2,75
8 97,9143,74 96,56+4,41 98,96+1,97 98+3,10
9 97,64+2.85 96,96+3,16 99,01+1,39 98,3+2,43
10 97,1843,02 97,16+3.88 98,57+1,54 98,4+2,56
11 97,23+2.75 98,08+2,84 08,63+1,44 98,9+1,81
12 97,8042,57 96,8444 98,89+1,60 98,2+3,04
13 97,8343,81 96,30+3,60 98,9242.15 97,942,79
14 97,22+3.95 96,7+3.96 08,6242,12 08,1+2,84
15 96,09+5,05 95,71+6,20 97,91+2.,90 97,54+4.26
16 93,84+6,54 96,83+4.38 96,434 98,22+2.86
17 95,08+7,04 96,93+4,76 97,04+4,71 08,18+3,44
18 96,64+5,16 96,43+5,24 98,27+3,09 98,05+3,31
19 94,97+7,31 98,38+2,79 97,06+4,82 99,07+1,71
20 91,80+8,21 98,40+2,10 95,16+5,62 99,01+1,80
21 93,72+9.38 98,44+2.20 96,3+6,4 99,2+1,21
22 93,5848, 14 95,97+5,58 96,25+5,3 97,5+3,84
23 90,6+10,82 97,20+3,87 94,1+7,2 98,442,61
24 89,5+12,5 95,87+4,79 93,149 97,7+2,74
25 87,86£12,52 95,32+4,64 91,71£9,2 97,3+2,98

The treatment volumes for the 20 cervical cancer patients ranged from 1084.8 cc to 1530.3 cc for single-
isocenter plans and from 1250 cc to 3088.2 cc for dual-isocenter plans. Over a total of 25 days, the exit dose
with transit dosimeter measured using EPID and were analyzed based on two predefined gamma criteria.
The calculated mean and standard deviation values are presented in Table

Keywords: Cervical Cancer, VMAT, EPID Dosimetry, Transit Dosimetry, In Vivo Verification
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Bildiri No: 5510
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Bildiri Grubu: Radyoterapi / Adaptif Radyoterapi

Bas-Boyun Radyoterapisinde Velocity™ ile Uretilen Sentetik BT lerin Adaptif
Radyoterapide Kullaniminin Dozimetrik Degerlendirmesi

Kerime Selin Ertas!, Mustafa Caglar?, Esra Serin Ozdemir', Evrim Metcalfe'

'Medipol Bahgelievler Hastanesi
?[stanbul Medipol Universitesi

Ozet: Amac:Bas-boyun radyoterapisi siirecinde hastalarin anatomisinde kilo kaybu, kitle kiigiilmesi gibi sebeplerle
tedavi etkinligini etkileyebilecek onemli degisiklikler meydana gelebilmektedir (Chen, J., Chen, K., OuYang, M.
et al. Evaluation of dose delivery based on deformed CT using a commercial software for lung cancer. Sci Rep 14,
14470 (2024)). Bu durum tedavi planlarinin adaptif olarak giincellenmesini gerekli kilmaktadir. Bu ¢alismada,
adaptif planlama yapilan bes hasta retrospektif olarak secilmis ve Varian Velocity™ ile olusturulan sentetik BT
(sBT) goriintiilerine dayali planlar ile adaptif BT tabanli planlarin dozimetrik olarak karsilagtirilmasi
amaglanmistir. Yontem:Bu ¢aligmaya bas-boyun kanseri nedeniyle radyoterapi goren ve tedavi siiresince adaptif
planlama yapilan bes hasta retrospektif olarak dahil edilmistir. Tedavi planlamasi Eclipse v16.1 yazilimi
kullanilarak Varian Halcyon™ cihazinda VMAT teknigiyle tek izomerkezli, 70 Gy/35 fraksiyon olacak sekilde
yapilmistir. Tedavi siirecinde, anatomideki degisiklikler nedeniyle ¢ekilen adaptif BT goriintiileri izerinde yeniden
planlama gerceklestirilmistir. Adaptif BT(aBT) ¢ekim kararin verildigi CBCT goriintiileri Varian Velocity™
yazilimi kullanilarak sBT goriintiilerine doniistiiriilmiis ve adaptif BT’ de yapilan planlamalarin ayn1 parametrelerle
sBT fizerinde tekrar edilmesi saglanmistir. Her iki goriintii seti iizerinden hesaplatilan planlar doz-hacim
histogramlar1 (DVH) ile degerlendirilmis, planlanan hedef hacim (PTV) kapsamasi ile kritik organ dozlan
karsilastirilmistir.Sonug: Bes hastadan elde edilen aBT ve sBT planlart karsilastirildiginda, PTV doz dagilimilar
icin Amean %0, 15 lik bir sapmayla birlikte uyumlu sonuglar goriildii. Kritik organ doz farklari ortalama degerler
iizerinden incelendiginde; spinal kord i¢in Amean %1,72, parotis i¢in Amean %0,35, 6zefagus i¢cin Amean %5,1,
koklea i¢in Amean % 0,17 ve beyin sap1 igin Amean %3,5 olarak bulundu. Genel olarak parotis, koklea ve PTV
icin doz farklan klinik olarak onemsiz diizeyde iken, beyin sapi, 6zefagus ve spinal kord icin belirgin sapmalar
gozlendi.Degerlendirme:Velocity™ ile iiretilen sBT’in planlari, adaptif BT planlariyla genel olarak ytiksek
diizeyde dozimetrik uyum gostermektedir. Ancak Ozellikle beyin sapi, 6zefagus ve spinal kord gibi kritik
organlarda gozlenen doz farkliliklar1 nedeniyle hasta bazli dikkatli degerlendirme gereklidir.

Kritik Organ Doz Degerleri

|Spinal Kord (Amean(%)) | 1,72
|Parotis (Amean(%)) | 0,35
|Ozefagus (Amean(%)) | 5,1
IKoklea (Amean(%)) | 017
|Beyin sap1 (Amean(%)) | 3,5

Anahtar Kelimeler: Adaptif radyoterapi, Bas boyun kanserleri, Sentetik BT, Velocity
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Abstract No: 5510
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Dosimetric Evaluation of the Use of Synthetic CTs Generated with Velocity™ in Adaptive Radiotherapy for
Head and Neck Radiation Therapy

Kerime Selin Ertas!, Mustafa Caglar?, Esra Serin Ozdemir', Evrim Metcalfe!

"Medipol Bahcelievler Hospital
’Istanbul Medipol University

Abstract: Purpose:During the course of head and neck radiotherapy, significant anatomical changes—such as
weight loss and tumor shrinkage—may occur, potentially affecting the effectiveness of the treatment (Chen, J.,
Chen, K., OuYang, M. et al. Evaluation of dose delivery based on deformed CT using a commercial software for
lung cancer. Sci Rep 14, 14470 (2024)). These changes necessitate the adaptive updating of treatment plans. In
this study, five patients who underwent adaptive planning were retrospectively selected, and it was aimed to
perform a dosimetric comparison between adaptive CT (aCT)-based plans and synthetic CT (sCT)-based plans
generated using Varian Velocity™.Methods:Five patients receiving radiotherapy for head and neck cancer and
who underwent adaptive planning during their treatment were retrospectively included in this study. Treatment
planning was performed using Eclipse v16.1 software on a Varian Halcyon™ system with a single isocenter
VMAT technique, delivering 70 Gy in 35 fractions. Due to anatomical changes during treatment, adaptive CT
(aCT) scans were acquired and re-planning was performed. The CBCT images, on which the decision for adaptive
CT acquisition was based, were converted into synthetic CTs (sCTs) using Varian Velocity™ software. The same
planning parameters used for aCTs were applied to the sCTs to create comparable treatment plans. Plans calculated
on both image sets were evaluated using dose-volume histograms (DVHs), comparing planning target volume
(PTV) coverage and doses to critical organs.Results:When comparing aCT and sCT-based plans for the five
patients, PTV dose distributions showed consistent results with a Amean of 0.15%. Average dose differences in
critical organs were as follows: spinal cord Amean 1.72%, parotid gland Amean 0.35%, esophagus Amean 5.1%,
cochlea Amean 0.17%, and brainstem Amean 3.5%. Overall, dose differences for the parotid gland, cochlea, and
PTV were clinically insignificant, while more noticeable deviations were observed for the brainstem, esophagus,
and spinal cord.Conclusion:Plans generated on synthetic CTs produced using Velocity™ show a high level of
dosimetric agreement with adaptive CT-based plans. However, due to the observed dose deviations in critical
structures such as the brainstem, esophagus, and spinal cord, careful patient-specific evaluation is recommended

OAR Dose Constraint
|Spinal Cord (Amean(%)) | 1,72
Parotid (Amean(%)) 0,35
|Esophagus(Amean(%) | 5,1
Cochlea (Amean(%)) 0,17
Brainstem(Amean(%)) 3,5

Keywords: Adaptive RT, Head and neck cancer, Synthetic CT, Velocity
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Postoperatif Kavite Radyoterapisinde GammaKnife ve LINAC Tabanli Tekniklerin
Dozimetrik Karsilastirmasi

Yaren Ergin', Niyazi Volkan Demircan?, Berkay Karali!, Hiiseyin Sertel'

'Bau Goztepe Medicalpark Hastanesi
?Bahgesehir Universitesi Radyasyon Onkolojisi AD

Ozet: GirisBeyin metastazlarinin cerrahi rezeksiyonu sonrasi kaviteye uygulanan stereotaktik
radyoterapi(SRT), lokal rekiirrens ve norotoksisitenin azaltilmasinda kritik dneme sahiptir.Bu ¢aligmada
GammaKnife(GK) ve lineer hizlandirici(LINAK) tabanli sistemlere ait tedavi planlari dozimetrik agidan
karsilastirilarak,hedef diizensizlik orani(TIR) ve timdr hacmi(PTV) ile iliskilerinin teknik secimindeki rolii
degerlendirilmistir.YontemCalismaya 10 hasta dahil edildi.Hedef hacim ortalamasi 23,69cc(4,7-44,85¢cc)
idi.Tedavi planlar1 GK, LINAK non-koplanar(NCP) ve LINAK koplanar(CP) teknikleriyle olusturularak
Gradyent Indeks(GI), Konformite Indeks (CI),Homojenite indeks(HI),D2,D98, ortalama beyin dozu ve
voliimetrik parametreler(V4,V12,V15,V20) degerlendirilmistir.istatistiksel analizlerde Paired t-testi ve
Wilcoxon signed-rank testleri kullanilmis, ¢coklu karsilagtirmalarda Holm diizeltmesi uygulanmistir.Alt grup
analizleri PTV hacmi(<10 cc, >10 cc) ve lokalizasyona(serebellar vs diger) gore yapilmistir. TIR degerleri
ROC analizleriyle degerlendirilmis,GK avantaji i¢cin ROC-Youden indeksine gore cut-off degerleri
hesaplanmistir. TIR ile CI ve GI arasindaki korelasyon incelenmis, ¢ok degiskenli lojistik regresyon
modellerinde TIR,PTV hacmi ve tiimor lokalizasyonu belirleyici olarak kullanilarak karar egrileri ve grafikler
olusturulmustur.BulgularGK planlari, NCP ve CP planlara kiyasla anlamli sekilde daha diisiik ortalama beyin
dozu (1.7£0.85Gy, 2.29+0.9Gy, 2.29+1.2Gy; p<0.01) ve voliimetrik parametreler i¢in de (V4, V12, V20;
p<0.01) anlaml diisiis sagladi.GI GK lehine belirgin iistiinliik gosterirken (2.78+0.12, 2.99+0.37, 3.90+0.43;
p<0.001),CI linak planlarinda daha avantajli bulundu (0.85+0.04, 0.91%0.02, 0.89+0.03 p=0.002—
0.008).Sonu¢GK postoperatif kavite radyoterapisinde diisiik doz alan beyin hacmi ve GI agisindan
avantajlidir. TIR ve tiimdr hacmine gore yapilan analizlerde tiimdr hacmi arttikca NCP planlarin Cl i¢in GK’ya
avantaj saglamaya basladig1 gosterilmistir.Klinik kararda PTV hacmi, TIR ve hasta Ozellikleri birlikte
degerlendirilmelidir.Bulgular prospektif ¢aligmalarla desteklenmelidir.
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Ortalama beyin dozu, V4,V12 ve V20 parametrelerinin box-plot gosterimi
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10 cc altinda ve 10 cc iistiindeki PTV hacimleri i¢in GK, NCP,CP teknikleriyle olusturulan planlarin
ortalama beyin dozu, V4,V12 ve V20 parametrelerindeki etkisinin box-plot gosterimi
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3 Farkli Tedavi Teknigi i¢in Elde Edilen Parametrelerin Karsilagtirilmasi

Parametre GK_ Ort£SS NCP_Ort+SS CP_Ort£SS

GI 2.78+0.13 3.00+£0.37 3.91+0.43

CI 0.86+0.05 0.91+0.02 0.90+0.03

HI 1.94+0.06 1.17+0.02 1.21£0.05

D2 (cGy) 4573.00£117.86  [2869.73£57.23  [2975.23+114.72
D98 (cGy) 2360.00485.37  [2450.00+0.00 2453.1349.79
Beyin V4 (cc) 129.79+80.28 183.6098.08 266.62+154.94
Beyin V15 (cc)  [26.93+18.08 40.96£22.72 49.13+27.04
Beyin V20 (cc)  |18.85+12.68 30.18+17.58 33.24+19.27
glc")t;llla(réz; ?eym 1.70+0.85 2.2940.90 2.20+1.21

GK, NCP ve CP teknikleriyle elden edilen parametrelere ait ortalama ve standart sapma degerleri

Anahtar Kelimeler: Gamaknife, LINAK tabanli SRT, SRT, dozimetrik, beyin metastazi

/5%@
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Dosimetric Comparison of GammaKnife and LINAC-based Techniques in Postoperative
Cavity Radiotherapy

Yaren Ergin', Niyazi Volkan Demircan?, Berkay Karali!, Hiiseyin Sertel'

'Bau Goztepe Medicalpark Hospital
*Bahgesehir University Radiation Oncology Department

Abstract: IntroductionStereotactic radiotherapy (SRT) to the resection cavity after surgical removal of brain
metastases is essential for reducing local recurrence and minimizing neurotoxicity. This study compared
GammaKnife (GK) and linear accelerator (LINAC)—based treatment plans and evaluated the influence of
target irregularity ratio (TIR) and planning target volume (PTV) on treatment selection.MethodsTen patients
were analyzed, with a mean target volume of 23.7 cc (range: 4.7—44.9 cc). Treatment plans were generated
using GK, LINAC non-coplanar (NCP), and LINAC coplanar (CP) techniques. Dosimetric parameters
included Gradient Index (GI), Conformity Index (CI), Homogeneity Index (HI), D2, D98, mean brain dose,
and volumetric measures (V4, V12, V15, V20). Paired t-tests and Wilcoxon signed-rank tests were used, with
Holm correction for multiple comparisons. Subgroup analyses were based on PTV (<10 cc vs. >10 cc) and
localization (cerebellar vs. others). ROC analyses defined TIR cutoffs for GK advantage, and logistic
regression incorporated TIR, PTV, and localization.ResultsGK significantly reduced mean brain dose (1.7 +
0.9 Gy vs. 2.3 +0.9-1.2 Gy; p<0.01) and volumetric exposure (V4, V12, V20; p<0.01) compared with LINAC.
GI was superior with GK (2.78 £ 0.12 vs. 2.99 £+ 0.37 and 3.90 =+ 0.43; p<0.001), while CI favored LINAC
(0.91 £ 0.02 vs. 0.85 £+ 0.04; p=0.002—0.008). Differences in brain dose were more evident in PTV >10 cc
cases. TIR did not correlate with CI or GI. ROC—Youden analysis showed GK’s GI advantage was
independent of TIR, while LINAC’s CI benefit decreased with higher TIR. Tumor site did not influence TIR
(p=0.51). GK beam-on time was significantly longer (2745 £ 99 s vs. 310.7 = 4 s and 250.3 + 18 s;
p<0.001).Conclusionln postoperative cavity SRT, GK offers clear benefits in reducing irradiated brain volume
and improving GI, whereas LINAC provides superior CI, particularly with larger PTVs. Treatment planning
should account for PTV, TIR, and patient characteristics. These findings highlight the complementary
strengths of both systems and should be validated in prospective trials.
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Box-plot representation of mean brain dose, V4, V12, and V20 parameters
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Box-plot representation of the impact on mean brain dose, V4, V12, and V20 parameters of plans generated
with GK, NCP, and CP techniques for PTV volumes below and above 10 cc
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Comparison of Parameters Obtained from Three Different Treatment Techniques

Parametre GK M=£SD NCP_M+SD CP_M+SD

GI 2.78+0.13 3.00+£0.37 3.91+0.43

CI 0.86+0.05 0.91+0.02 0.90+0.03

HI 1.94+0.06 1.17+0.02 1.21£0.05

D2 (cGy) 4573.00£117.86  [2869.73£57.23  [2975.23+114.72
D98 (cGy) 2360.00485.37  [2450.00+0.00 2453.1349.79
Beyin V4 (cc) 129.79+80.28 183.6098.08 266.62+154.94
Beyin V15 (cc)  [26.93+18.08 40.96£22.72 49.13+27.04
Beyin V20 (cc)  |18.85+12.68 30.18+17.58 33.24+19.27
glc")t;llla(réz; ?eym 1.70+0.85 2.2940.90 2.20+1.21

Mean and standard deviation values of the parameters obtained with GK, NCP, and CP techniques

Keywords: Gammaknife, LINAC based SRT, SRT, dosimetric, brain metastases
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Derin Inspiryum Nefes Tutma Teknigi ile Tedavi Edilen Sol Meme Kanserli Hastalarda
Bilgi Tabanli Planlama Modelinin Klinik Kullaniminin Dozimetrik Degerlendirilmesi

Oznur Senkesen', irem Aydi?, Emine Burgin ispir?, Evrim Tezcanli'

'Acibadem Mehmet Ali Aydinlar Universitesi
2Acibadem Atasehir Hastanesi

Ozet: Amag: Calismamizda, nefes tutma teknigi kullanilarak tedavi olan sol meme kanserli hastalarm IMRT
planlart ile olusturulan bilgi tabanli plan (Knowledge-Based-Planning-KBP) modelinin plan kalitesini
dozimetrik olarak degerlendirerek klinik kullanilabilirligini ortaya koymay1 amagladik.Gere¢ ve Yontemler:
Calismaya daha Once derin inspiryum nefes tutma (DIBH) teknigi ile tedavi edilmis 80 sol meme kanserli
hasta dahil edilmistir. Halcyon platformunda (Ethos) bu hastalarin 6nceki 18 alanli IMRT planlar1 kullanilarak
KBP modeli gelistirilmistir. KBP ile optimize edilen planlarin ve manuel plan optimizasyonu ile devam edilen
planlarin (KBP + MP) dozimetrik performansi, planlanan hedef hacmi (PTV) kapsami ve risk altindaki organ
(RAO) korunmas1 agisindan karsilastirilmistir. Bulgular: KBP modelin, cogu RAO da kabul edilebilir R? ve
MSE degerlerine ulasarak model egitimi i¢in yeterligi dogrulanmigtir. KBP ve KBP+MP planlari, klinik plana
benzer PTV kapsamini (D95 ve D98) saglamistir. Taraf akciger i¢cin V20, D2%, LAD ortalama doz ve D2%
degerleri KBP planlarinda klinik planlara gore anlaml diizeyde diisiiriiliirken, akciger V5 degerlerinin daha
yuksek oldugu goriilmiistiir. KBP+MP planlari, ortalama kalp dozu ve karst meme ve akciger dozlarmin
azaltilmasi ile optimum RAO korumasini saglamistir. Tartisma: Sonuglarimiz, modelin klinik uygulamalarda
kullanilabilirligini desteklerken, bazi vakalarda optimizasyon veya klinik diizeltmelerin siirdiiriilmesinin
gerekebilecegini gostermektedir. KBP model, klinik planlara kiyasla yiiksek doz bdlgelerini azaltma
potansiyeline sahipken, diisiik doz yayilimini artirabilir. Ozellikle kars1 akciger ve karst meme gibi hedefe
uzak RAO’larda daha belirgin artislar goriilebilir. Calismamizda KBP+MP yaklasimi, RAO dozlarinin daha
dengeli ve optimize edilmis bir sekilde kontrol edilmesini saglamistir. KBP modelinin kullanimi, manuel
siirece kiyasla planlama is akisin1 6nemli 6l¢iide kolaylastirmistir. Sonuglar Tablo 1°de sunulmaktadir.Sonug:
Sol meme kanserli hastalarin tedavileri icin gelistirdigimiz KBP modeli klinik olarak uygulanabilir
bulunmustur. Taraf akcigerin diisiik dozlarinda artis olmasina ragmen, model hedef kapsamini iyilestirerek
RAO dozlarmin diisiiriilmesine katki saglamistir. KBP, planlama siiresini azaltirken planlama kalitesini ve
standardizasyonu artirabilecegini gostermektedir. KBP'nin rutin uygulamada, 6zellikle de yogun is yiikii olan
merkezlerde degerli bir ara¢ olarak kullanilabilecegini gostermektedir.
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Tablo 1: Klinik Plan, KBP ve KBP+MP i¢in PTV ve RAO lara ait DVH parametreleri ile MU
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karsilastirmalarina ait mean + SD ve p degerleri sunulmaktadir.

Parameter

PTV_D98% (Gy)
PTV D95% (%)
PTV_D2% (Gy),
PTV_Dmax (%)
PTV_HI

PTV_CI

Heart Dmean (Gy)
Heart D2% (Gy)
LAD_Dmean

LAD D2%
R_Breast Dmean
R_Breast D2% (Gy)
L_Lung D2%(Gy)
L_Lung V5Gy(%)
L_Lung V20Gy (%)
L_Lung Dmean

R _lung D2%(Gy)

R _lung V5Gy(%)
R_lung Dmean (Gy)
Total MU

ClinP

(Mean = SD)

40.92+451
97.240.89
44.94+4.67
108.6+1.9
0.09+0.02
0.79+0.09
2.11+0.67
7.94+4.38
5.09+2.39
13.68+6.76
1.90+1.04
7.28+5.53
39.77£5.91
37.1+£9.2
14.3+4.4
7.994+2.19
4.32+2.04
1.9£3.1
1.20+0.54
21254508

KBP

(Mean £ SD)

42.144+4.54
97.2+1.15
47.26+5.84
111.3£2.24
0.113+0.022
0.78+0.17
2.69+0.83
8.33+£3.02
4.55+1.60
10.66+4.71
2.70+0.88
7.83+2.84
37.01+£6.42
41.2+11.8
12.2+4.2
7.90+2.09
6.81+2.40
6.8+£6.6
1.83+0.76
2190+366

KBP+MP

(Mean £ SD)

42.224+4.58
97.0+0.95
46.96+5.72
110.9+2.2
0.105+0.022
0.724+0.13
2.31+0.83
7.3442.72
4.59+1.66
11.45+£5.25
2.34+1.17
7.4843.40
37.59+6.51
38+11.4
12.24+4.0
7.63+1.98
6.46+2.69
6+6.9
1.68+0.81
2359+405

ClinP vs KI

prvalue

D.200
D.930
.037
.001
D.019
D.839
.001
334
D.112
D.041
.002
D.211
D.028
.001
.004
532
D.001
.001
0.001
176

Anahtar Kelimeler: knowledge-based planning; RapidPlan; IMRT; left-sided breast cancer; DIBH
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Dosimetric Evaluation of a Knowledge-Based Plan Model in Left Breast Cancer Patients
Treated with the Deep Inspiratory Breath-Hold Technique

Oznur Senkesen', irem Aydi?, Emine Burgin ispir?, Evrim Tezcanli'

'Acibadem Mehmet Ali Aydinlar University
2Acibadem Atasehir Hospital

Abstract: Objective: This study aimed to dosimetrically evaluate the plan quality of a knowledge-based
planning (KBP) model generated from intensity-modulated radiation therapy (IMRT) plans of left breast
cancer patients treated with the deep inspiratory breath-hold (DIBH) technique and to assess its clinical
applicability.Materials and Methods: Eighty patients previously treated with DIBH were included. A KBP
model was developed using 18-field IMRT plans on the Halcyon platform (Ethos). The dosimetric
performance of KBP-optimized plans and those refined by manual optimization (KBP+MP) was compared
with clinical plans in terms of planned target volume (PTV) coverage and organ-at-risk (OAR)
sparing.Results: The KBP model achieved acceptable R* and mean square error values in most OARs,
confirming its adequacy for model training. Both KBP and KBP+MP plans achieved target coverage (D95
and D98) comparable to clinical plans. In the contralateral lung, V20, D2%, and LAD mean and D2% doses
were significantly reduced with KBP plans, although lung V5 was higher. The KBP+MP approach further
improved OAR protection by lowering mean heart, contralateral breast, and contralateral lung
doses.Discussion: Findings support the clinical usability of the KBP model. While the model effectively
reduced high-dose regions, it also increased low-dose spread, particularly in OARs distant from the target,
such as the contralateral lung and breast. The KBP+MP approach offered a more balanced dosimetric outcome.
Additionally, the KBP model streamlined the planning process by reducing the need for extensive manual
intervention.Conclusion: The KBP model developed for left breast cancer treatment was clinically applicable,
improving plan quality, consistency, and efficiency. Despite an increase in low-dose exposure, it reduced
high-dose OAR involvement while maintaining target coverage. These results highlight KBP as a valuable
tool for routine use, especially in high-volume centers.

Keywords: knowledge-based planning; RapidPlan; IMRT; left-sided breast cancer; DIBH
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Eclipse ve Velocity Yazilimlarinda Flizyon Algoritmalarinin Kalite Kontrolii

Yigit Can Oyken!, Murat Okutan?

1IU Saglik Bilimleri Enstitiisii, Temel Onkoloji Anabilim Dal1, Saglik Fizigi Bilim Dali
21U Onkoloji Enstitiisii, Temel Onkoloji Anabilim Dal1, Saglik Fizigi Bilim Dali

Ozet: Radyoterapide goriintii fiizyonu segmentasyondan tedavi planlamasina, goriintii onderliginde
radyoterapiden tedavi degerlendirmesine kadar bir¢cok alanda yaygin bir sekilde kullanilmaktadir. Tiim bu
asamalarda kullanilan fiizyon algoritmalarinin, tipki radyoterapide kullanilan diger tiim araglar gibi kalite
kontrollerinin ger¢eklestirilmesi gerekliligi olusmustur.Bu ¢alismanin amaci, klinigimizde kullanilmakta olan
flizyon algoritmalarinin kalite kontrollerini American Association of Physics in Medicine (AAPM) task group
132 (TG-132) tavsiyeleri cercevesinde gerceklestirmek, goriintii fiizyonu islemi nedeniyle ortaya cikan
belirsizlikleri tanimlamak ve nicel olarak belirleyebilmektir.Fiizyon algoritmalari olarak klinigimizde bulunan
Velocity ve Eclipse yazilimlarinin igerisindeki algoritmalar kullanilmistir. Kalite kontrol degerlendirmeleri
icin TG-132’de bulunan sanal fantomlar ve deformable imaj fiizyon degerlendirme projesi kapsaminda
olusturulmus olan Bag ve Boyun sanal fantomlar1 kullanilmistir. Bu iki veri setinin, iki yazilimda iirettikleri
flizyonlarin kantitatif degerlendirmesi i¢in Hedef Fiizyon Hatas1 (TRE), Mean Distance to Agreement (MDA),
Dice Benzerlik Katsayist (DSC) ve Jacobian Determinant (JD) testleri kullanilmistir.Bulgularimiz rijit
flizyonda anatomik fantomda Eclipse ve Velocity i¢in sirasiyla +0.5 mm ve +1.4 mm kaydirma hatasi, Bas &
Boyun fantomunda DSC testlerinde ise Eclipse i¢in en yiiksek 0.985 + 0.01 ve en diisiik 0.933 + 0.056 Velocity
icinse en yiiksek 0.985 £+ 0.006 ve en disik 0.89 = 0.045 oldugunu gostermektedir. Bas & Boyun
fantomlarinda yapilan deformable fiizyonda ise Eclipse, TRE testlerinde en yiiksek 0.66 + 0.554 mm ve en
diisiik 1.807 = 1.353 mm, MDA testlerinde en yiiksek 0.54 &+ 0.433 mm ve en diisiik 1.26 £ 1.152 mm, DSC
testlerinde en yiiksek 0.968 £+ 0.005 ve en diisiikk 0.788 £ 0.075 degerleri almistir.Yapilan tez calismasi
sonucunda, klinigimizde kullanilan iki yazilimin da fiizyon algoritmalarinda hata paylar tespit edilmistir.
Ancak bu hata paylari, cogunlukla Imm altinda kalmistir. Bu sonuglar dogrultusunda TG 132 tavsiye edilen
hata pay1 limitlerinin igerisinde kalmistir. Bu da Eclipse ve Velocity yazilimlarinin giinliik klinik is akisinda
fiizyon i¢in kullanilabilecegini, ancak hata paylarinin da kullanim esnasinda dikkate alinmasi gerektigini
gostermistir.

Anahtar Kelimeler: Fiizyon, Kalite Kontrol Eclipse, Velocity, TG-132
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Quality Assurance of Fusion Algorithms Used in Eclipse and Velocity Software

Yigit Can Oyken!, Murat Okutan?

Istanbul University, Institute of Health Science, Department of Basic Oncology, Division of Health Physics
*Istanbul University, Institute of Oncology, Department of Basic Oncology, Division of Health Physics

Abstract: In radiotherapy, image registration is widely used in many areas, ranging from segmentation to
treatment planning, from image-guided radiotherapy to treatment evaluation. In all these stages, as with all
other tools used in radiotherapy, it has become necessary to perform quality assurance (QA) of the fusion
algorithms.The aim of this study is to perform QA of the fusion algorithms used in our clinic within the
framework of recommendations of the American Association of Physics in Medicine (AAPM) Task Group
132 (TG-132) and to identify the uncertainties arising from the image fusion process. The fusion algorithms
within the Velocity and Eclipse software available in our clinic were used. For QA evaluations, the virtual
phantoms provided in TG-132 and the Head & Neck virtual phantoms developed within the deformable image
fusion evaluation project were used. For the quantitative evaluation of the fusions produced by these two
datasets in both software, Target Registration Error (TRE), Mean Distance to Agreement (MDA), Dice
Similarity Coefficient (DSC), and Jacobian Determinant tests were employed.Our findings show that in rigid
registration on the anatomical phantom, the translation error was +0.5 mm for Eclipse and +1.4 mm for
Velocity, while in the Head & Neck phantom, the DSC tests yielded maximum and minimum values of 0.985
+ 0.01 and 0.933 £ 0.056 for Eclipse, and 0.985 + 0.006 and 0.89 + 0.045 for Velocity, respectively. In
deformable registration performed on Head & Neck phantoms, Eclipse yielded TRE test results with
maximum 0.66 £+ 0.554 mm and minimum 1.807 £+ 1.353 mm, MDA test results with maximum 0.54 + 0.433
mm and minimum 1.26 £ 1.152 mm, and DSC test results with maximum 0.968 + 0.005 and minimum 0.788
+0.075.As a result of this thesis study, error margins were identified in the fusion algorithms of both software
used in our clinic. However, these error margins mostly remained below 1 mm. As a result, they were within
the error margin limits recommended by TG-132. This demonstrates that Eclipse and Velocity software can
be used for fusion in daily clinical workflows, although their error margins should also be considered during
use.

Keywords: Fusion, Quality Assurance, Eclipse, Velocity, TG-132
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Radyoterapi Klinik Doz Araliginda Yeni Tip Bir Dozimetrenin, Tedavi Planlama Sistemi
Dogrulamasinda Kullanilabiliriliginin incelenmesi

Okan SAR!, Aleyna GOKAY?, Ozgiil KARATAS?, Serap SAFRAN?

"Hacettepe Universitesi Radyasyon Onkolojisi A.D.
2Ankara Universitesi Niikleer Bilimler Enstitiisii
3Konya Teknik Universitesi Teknik Bilimler M.Y.O.

Ozet: Bu galismada, Lineer Hizlandirict (LINAC) ile 6MV foton enerjilerinde 1sinlanan, tarafimizca iiretilen
ve KJM olarak adlandirdigimiz yeni tip bir dozimetrenin ve yine tarafimizca iiretilen KJM bazli 3 boyutlu
JEL dozimetrenin, Termoliiminesans Dozimetre (TLD) ve Optiksel Uyarimli Liiminesans Dozimetre (OSL)
gibi farkli dozimetrik yontemlerle ve Eclipse TPS verileriyle karsilastirilarak kullanilabilirliginin incelenmesi
amagclanmistir. Onceden Kalibre edilmis TLD ve OSL dahil tiim dozimetreler Fotograf 1b’de gériildiigii gibi
ayni anda, alan 30X30cm? agilarak, dozimetrelerin bulundugu konumda SSD 100cm olacak sekilde, Geri
sagllma ve yansima katkilarinin, build-up bdlgesi ve ileri sagilma etkilerinin hesaba katilmasi amaciyla
dozimetrelerin altina her biri lcm kalinliginda 3 adet, {istiine 5 adet, toplamda 5cm olacak sekilde kati su
fantomu yerlestirilerek belirlenen dozlarda, (20-1000cGy doz araliginda 8 farkli dozda) 1isinlanmasi yapild.
Kalibrasyon egrileri olusturuldu. Daha sonra bacak fantomu {izerinde secilen bdlgelere tiim dozimetreler
yerlestirilerek (Fotografla) 800 ve 200 cGy olacak sekilde 1sinlamalar yapildi.KJM’ler 1sinlama sonrasi
Elektron Spin Rezonans(ESR) sistemi kullanilarak sinyal siddetleri belirlendi. JEL dozimetreler tiretildikten
24 saat sonra 1s1nlandi, 151nlandiktan 48 saat sonra MR goriintiilemesi yapildi ve elde edilen dicom goriintiileri
imagej programinda iglenerek kalibrasyon egrisi olusturuldu. Bu ¢aligma sonucunda; TLD-TPS, OSL-TPS ve
KJM-TPS JEL-TPS grafikleri elde edilmis, veriler lineer bir fonksiyona fit edilmis ve egriler ¢izilmistir.*Egim
katsayisinin en yiiksek oldugu dozimetre KIM olmustur. Bu durum, KJM'in 6zellikle doz 6l¢iimlerinde
yuksek dogrulukla calistifini gostermektedir.eTiim dozimetreler i¢in korelasyon katsayisi R*>0.95 elde
edilmistir. Bu durum, tiim sistemlerin yiiksek derecede lineerlik gosterdigini, glivenilir veri sagladigini ortaya
koymaktadir. Bu ¢alisma, KJM’nin ve JEL dozimetrenin, TLD, OSL ve TPS tarafindan hesaplanan dozlar ile
basaril1 bir sekilde dogrulanabilecegini gostermektedir. Elde edilen veriler, klinik pratikte 6zellikle KJIM’nin
giivenilirligini desteklemektedir. Gelecekteki ¢alismalar, daha karmasik anatomilerde ve farkli tekniklerde
(6rnegin, IMRT, VMAT) bu dozimetrelerin TPS dogrulamasindaki performansini daha detayl1 inceleyebilir.
Bu bulgular, radyoterapi dozimetrisinde kalite glivencesi slireglerini gelistirmeye ve hasta giivenligini
artirmaya katkida bulunacaktir.Bu ¢alisma 223M184 numaral1 Tiibitak1001 projesinden desteklenmektedir.
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Fotograf 1

(a) Isinlama Oncesi fantom-dozimetre Set-Up. (b) Kalibrasyon Set-Up.

Anahtar Kelimeler: JEL Dozimetre, KIM dozimetre, Radyoterapi, Tedavi Planlama Sistemi (TPS), TLD
ve OSL
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Investigation of the Usability of a New Type of Dosimeter for Treatment Planning System
Verification in the Clinical Dose Range of Radiotherapy.

Okan SAR!, Aleyna GOKAY?, Ozgiil KARATAS?, Serap SAFRAN?

"Hacettepe University Radiation Oncology Department
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3Konya Technical University Technical Sciences Department

Abstract: This study set out to investigate the usability of two newly developed dosimeters: a "KJM"
dosimeter and a KJM-based 3D GEL dosimeter. Both were produced in-house and irradiated with 6MV
photon energies from a Linear Accelerator (LINAC). Their performance was compared against established
dosimetric methods like Thermoluminescent Dosimeters (TLD) and Optically Stimulated Luminescence
Dosimeters (OSL), as well as data from the Eclipse Treatment Planning System (TPS).All dosimeters,
including pre-calibrated TLDs and OSLs, were irradiated simultaneously. A 30x30 cm? field size was used
with an SSD of 100 cm. To account for scattering and build-up effects, solid water phantoms were strategically
placed (3 cm below, 5 cm above). Eight different dose levels, ranging from 20 cGy to 1000 cGy, were
delivered to create calibration curves. Following this, irradiations of 800 cGy and 200 cGy were performed
on a leg phantom with all dosimeters in place.Post-irradiation, KIM dosimeter signal intensities were
determined using an Electron Spin Resonance (ESR) system. GEL dosimeters were irradiated 24 hours after
production, and MR imaging was conducted 48 hours later. The resulting DICOM images were processed
with ImageJ to form calibration curves.The study generated TLD-TPS, OSL-TPS, KIM-TPS, and GEL-TPS
graphs, with data fitted to linear functions.The KJM dosimeter showed the highest slope coefficient, indicating
superior accuracy, especially for dose measurements.A correlation coefficient (R?) greater than 0.95 was
achieved for all dosimeters, demonstrating high linearity and reliability across all tested systems.This research
successfully validated both the KIM and GEL dosimeters against doses calculated by TLD, OSL, and TPS.
The findings strongly support the reliability of the KJM dosimeter in clinical practice. Future work should
explore the performance of these dosimeters for TPS verification in more intricate anatomies and with
advanced radiotherapy techniques (e.g., IMRT, VMAT). These results are expected to significantly enhance
quality assurance in radiotherapy dosimetry and bolster patient safety.This work received support from
TUBITAK 1001 project number 223M184.
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Photo 1

(a) Pre-Irradiation Phantom-Dosimeter Setup (b) Calibration Setup

Keywords: GEL Dosimeter, KIM dosimeter, Radiotherapy, TLD and OSL, Treatment Planning System
(TPS)
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EQD2 Rehberli Kiimiilatif ve Izinli Organ Dozu Analizi: Yeniden Isinlamalarda TPS’e
Yardime1 Python Tabanli Is Akist

Sahar Heidary'!, Cemile Ceylan?

'Yeditepe Universitesi
?[stanbul Onkoloji Hastanesi

Ozet: Amag: Yeniden 1sinlamanin (reRT) klinik pratige uygulanma sikligindaki artis, modern radyoterapi
(RT) tekniklerinin gelisimi ve sagkalim stirelerindeki uzama ile iliskilidir. Ancak reRT’de doz hesaplamalari,
kiimiilatif organ toleranslarimin belirsizligi ve kliniklerde kullanilan ¢cogu tedavi planlama sisteminde (TPS)
radyobiyolojik araglarin bulunmamasi nedeniyle sinirlidir. Caligmada EQD2 tabanli bir planlama is akist
gelistirildi, dogruland1 ve Istanbul Onkoloji Hastanesi’ndeki reRT olgularina uygulandi.Yéntemler: 2017—
2024 yillart arasinda reRT alan bes erigkin hasta retrospektif incelendi (medyan yas 62,5; 3 erkek/2 kadn).
Primer tiimérler akciger (n=4) ve glioblastom (n=1) idi. Kurlar aras1 medyan siire 1 y1l 5 ay 16 giindii. Ik
kurlar 46-62 Gy (IMRT/VMAT) igerirken, reRT rejimleri 55 Gy/20 fx VMAT, 30 Gy/5S fx SBRT, 30 Gy/10
fx VMAT, 60 Gy/30 fx VMAT ve cok asamali GBM plan1 (44 Gy/20 fx + 56 Gy/20 fx; GTV boostlar1 40
Gy/15 fx ve 37.5 Gy/15 fx) seklinde uygulandi.Kiimiilatif dozlar rijit registrasyonla birlestirildi ve hekim—
fizik¢i dogrulamasiyla kontrol edildi. Seri organlarda D0.03cc fiziksel dozlar1 a/pf=2-3 kabuliiyle EQD2’ye
doniistiiriildii. Izinli doz sinirlart EQD2 tolerans degerlerinden tiiretildi. >18.000 satirlik Python araci voksel
bazli EQD2/BED hesaplarini, kiimiilatif DVH’leri ve izinli doz limitlerini otomatiklestirdi; manuel
hesaplamayla uyumsuzluk <% idi. Planlama Monaco v6.1.2, tedavi Elekta Versa HD ile yapildi.Bulgular: Is
akis1 hastaya 0zgii izinli dozlar1 ortaya koydu. Doku onarimi1 varsayimiyla izinli doz spinal kord i¢in 49.38—
49.44 Gy, kalp i¢in 44.96-59.78 Gy, 6zofagus i¢in 46.52—53.66 Gy ve akciger i¢in 31.13 Gy idi. Onarim yok
varsayimiyla degerler sirasiyla 45.56-45.64 Gy, 44.93-59.56 Gy, 44.32-48.28 Gy ve 28.60 Gy oldu. Bir
olguda kord EQD?2 tolere edilebilir diizeyde kalirken, SBRT uygulanan olguda 53.18 Gy’ye ulasip sinir1 asti.
Sonuglar: EQD2 tabanli is akis1 biyolojik agidan tutarli degerlendirme sagladi, izinli doz sinirlarini net
tanimlad ve kritik bir ihlali ortaya ¢ikardi. Bu yaklasim, hasta-6zgii giivenli doz artirimi i¢in gii¢lii bir yontem
olup, kiimiilatif DVH rehberligi ile dogrudan Monaco entegrasyonuna hazirdir.

Anahtar Kelimeler: EQD2, TPS, isa akisi, radyoterapi, reRT
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EQD2-Guided Cumulative Dose and Organ Tolerance Analysis with a Python-Based TPS-
Adjacent Workflow in Clinical Re-Irradiation

Sahar Heidary'!, Cemile Ceylan?
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Abstract: Aim: The increasing frequency of re-irradiation (reRT) in practice is associated with advances in
radiotherapy (RT) and prolonged survival. However, accurate dose evaluation in reRT remains constrained
by uncertainties in cumulative organ tolerances and by the lack of radiobiological calculation tools in treatment
planning systems (TPS) used in clinics. We developed and validated an EQD2-guided planning workflow and
applied it to reRT cases at Istanbul Oncology Hospital.Methods: Five adult patients treated with reRT between
2017-2024 were retrospectively analyzed (3 male, 2 female; median age 62.5 years). Primary sites were lung
(n=4) and glioblastoma (n=1). The median interval between treatments was 1 year 5 months 16 days (range 5
months 28 days—4 years 4 months 15 days). Initial courses delivered 46—-62 Gy (IMRT/VMAT), while reRT
regimens included 55 Gy/20 fx VMAT, 30 Gy/5 fx SBRT, 30 Gy/10 fx VMAT, 60 Gy/30 fx VMAT, and a
multiphase GBM plan (44 Gy/20 fx + 56 Gy/20 fx; GTV boosts 40 Gy/15 fx and 37.5 Gy/15 fx).Cumulative
doses were merged using rigid registration and verified by physician—physicist review. For serial organs,
DO0.03cc physical doses were converted to EQD2 using a/p=2-3. Permissible dose thresholds were derived
from EQD?2 tolerance values and translated into equivalent physical doses for reRT planning. A >18,000-line
Python script automated voxel-wise EQD2/BED calculations, cumulative DVHs, and permissible dose limits,
with <1% deviation from manual computation. Planning was performed in Monaco v6.1.2, and treatments
were delivered with Elekta Versa HD.Results: The workflow quantified patient-specific permissible doses.
With tissue repair, residual allowances were 49.38—49.44 Gy for spinal cord, 44.96-59.78 Gy for heart, 46.52—
53.66 Gy for esophagus, and 31.13 Gy for lung. Without repair, corresponding values were 45.56—45.64 Gy,
44.93-59.56 Gy, 44.32-48.28 Gy, and 28.60 Gy. In one case, cumulative spinal cord EQD2s remained
acceptable, while in another (SBRT 30 Gy/5 fx), spinal cord reached 53.18 Gy, exceeding
tolerance.Conclusions: The EQD2-guided workflow, designed as a TPS-adjacent Python-based tool, provided
biologically consistent plan evaluation, quantified permissible dose thresholds, and identified a clinically
relevant violation. This approach supports safer, patient-specific dose escalation in reRT and is ready for direct
integration with Monaco for cumulative DVH.

Keywords: EQD2, TPS, workflow,radiotherapy, ReRT.
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Stereotaktik Vertebra Isinlamalarinda MR ve BT Tabanli Tedavi Planlarinin Dozimetrik
Degerlendirilmesi

Anatolia Serkizyan', Melih Uluer', Gérkem Giingér', Gamze Ugurluer Siimer', Banu Atalar', Enis Ozyar!
'Acibadem Maslak Hastanesi

Ozet: Giris: 1-5 fraksiyonda uygulanan stereotaktik viicut radyoterapisi (SBRT), vertebral metastazlarin
tedavisinde etkili bir yontemdir. Spinal kord, radyasyon miyelopatisi riski nedeniyle kritik bir organdir ve
dogru konturlanmasi énemlidir. Bilgisayarli tomografi (BT) tabanli planlamalarda yumusak doku kontrasti
sinirli oldugundan belirsizlikler olusabilirken, manyetik rezonans goriintiileme esliginde radyoterapi
(MRgRT) yiiksek kontrast avantaji ve ¢evrimig¢i adaptif planlama o6zelligi ile vertebra SBRT’nin daha
giivenilir uygulanmasma katki saglar. Bu c¢aligmada, BT ve MR tabanli planlar dozimetrik agidan
karsilagtirilmis, spinal kordun korunmasindaki onemi vurgulanmistir. Yontem: Klinigimizde vertebra
metastazlar1 bulunan 22 hasta (6 servikal, 16 torakal) ¢alismaya dahil edilmistir. Hastalara 0.35T MR-Linak
ve TrueBeam cihazlarinda tedavi planlari olusturulmustur. BT planlamalarinda risk altindaki organlar (OAR),
BT’ye ek olarak MR flizyon goriintiileri kullanilarak konturlanmistir. Planlamalarda 27Gy/3Fr
recetelendirilmis, planlanan hedef hacmin (PTV) 95%’1 kapsanmistir. OAR toleranslart QUANTEC ve Sahgal
ve ark. kriterlerine gore degerlendirilmistir. Spinal kord i¢in Dmaks <20.3 Gy, DO.1cc < 14.2 Gy, D0.35¢cc <
18 Gy, D1.2cc < 12.3 Gy, D10% < 18 Gy; 6zefagus i¢in Dmax < 24 Gy, D2cc < 22.6 Gy; aort i¢in Dmax <
45 Gy, D10cc < 39 Gy smuirlar1 kullanilmistir. Planlar miyelopati riski %0 olacak sekilde hazirlanmistir. GTV
ve PTV icin dozimetrik parametreler (Dmaks, Dmean, Dmin, V100%, D98%, D95%, D2%, V50% (cc), V25%
(cc), konformalite indeksi (CI) ve gradyan indeksi (GI)) karsilastirilmistir. Bulgular: Istatiksel anlamlilik
analizleri Wilcoxon Testi ile yapilmustir. (p < 0.05) Sonug: MR ve BT tabanl planlar hedef hacim kapsamasi,
homojenlik, 6zefagus ve aort dozlar1 acisindan benzer bulunmustur. Ancak MR tabanli planlar, spinal kord
dozlar1 (Dmaks, DO0.1cc, D1.2cc), GI ve orta doz hacimleri (V50% [cc]) acgisindan daha avantajhidir. Klasik
lineer hizlandirici planlamalarinda spinal kordun giivenilir konturlanmasi i¢in hastanin MR gériintiilerinin BT
ile flizyonlanmasi onerilir. MR tabanli sistemlerin gilinliik MR goriintiileme ve ¢evrimici adaptif planlama
ozelligi sayesinde her fraksiyonda yeniden degerlendirme yapilabilmesi 6zellikle miyelopati riskine karsi
spinal kord korunmasinda ek giivenlik saglar.
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MR ve BT Tabanli Vertebra SBRT Planlarinda izodoz Dagilimlarinin Karsilastiriimasi (V100%, V50%,
V25%)

MR TABANLI PLANLAMA BT TABANLI PLANLAMA

Istatistiksel Olarak Anlamli Bulunan Dozimetrik Degerler (p < 0.05)

Doz Degerleri p Degerleri

GTV Dort p=0.001
GTV Doy, p=0.002
PTV Dort p=0.002
PTV D2y p=0.001
PTV V0% p=0.02

PTV GI p=0.019
Spinal Kord Dimaks<20.3Gy p=0.022
Spinal Kord Do.01cc<14.2Gy p=0.02

Spinal Kord D1.2:c<12.3Gy p=0.031

Anahtar Kelimeler: Cevrimici Adaptif Radyoterapi, Manyetik Rezonans Goriintiileme Esliginde
Radyoterapi (MRgRT), Radyasyon Miyelopatisi Riski, Stereotaktik Viicut Radyoterapisi (SBRT), Vertebra
Metastazlari
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Dosimetric Evaluation of MR- and CT-Based Treatment Plans in Stereotactic Vertebral
Irradiation

Anatolia Serkizyan', Melih Uluer', Gérkem Giingér', Gamze Ugurluer Siimer', Banu Atalar', Enis Ozyar!
'Acibadem Maslak Hospital

Abstract: Introduction: Stereotactic body radiotherapy (SBRT) delivered in 1-5 fractions is an effective
treatment for vertebral metastases. The spinal cord is a critical organ due to the risk of radiation myelopathy,
and accurate conturing is essential. Computed tomography (CT)-based planning may cause uncertainties
because of limited soft tissue contrast. Magnetic resonance-guided radiotherapy (MRgRT) provides superior
contrast and an online adaptive feature, allowing safer delivery of vertebral SBRT. This study compared CT-
and MR-based plans from a dosimetric perspective, emphasizing spinal cord sparing. Methods: Twenty-two
patients with vertebral metastases (6 cervical, 16 thoracic) were included. Plans were generated with a 0.35T
MR-Linac and a TrueBeam linear accelerator. In CT-based planning, organs at risk (OAR) were contoured
using MR fusion images in addition to CT. A prescription of 27 Gy in 3 fractions was applied, ensuring 95%
of the planning target volume (PTV) received the dose. OAR constraints followed QUANTEC and Sahgal et
al. criteria: spinal cord Dmax <20.3 Gy, D0.1cc < 14.2 Gy, D0.35cc < 18 Gy, D1.2cc <12.3 Gy, D10% < 18
Gy; esophagus Dmax < 24 Gy, D2cc < 22.6 Gy; aorta Dmax <45 Gy, D10cc < 39 Gy. All plans were created
to ensure 0% myelopathy risk. Evaluated parameters for gross tumor volume (GTV) and PTV included Dmax,
Dmean, Dmin, V100%, D98%, D95%, D2%, V50% (cc), V25% (cc), conformity index (CI), and gradient
index (GI). Results: Statistical significance was assessed with the Wilcoxon test (p < 0.05). Conclusion: CT-
and MR-based plans were similar in target coverage, homogeneity, and esophagus and aorta doses. MR-based
plans, however, showed advantages in spinal cord doses (Dmax, D0.1cc, D1.2¢cc), GI, and intermediate dose
volumes (V50% [cc]). For conventional linear accelerators, MR-CT fusion is recommended for reliable spinal
cord delineation. Additionally, daily MR imaging with online adaptive planning enables re-evaluation at each
fraction, offering extra safety for spinal cord protection against myelopathy.
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Comparison of Isodose Distributions (V100%, V50%, V25%) in MR- and CT-Based Vertebral SBRT Plans

MR TABANLI PLANLAMA BT TABANLI PLANLAMA

Statistically Significant Dosimetric Values (p < 0.05)

Dosimetric Parameters |p-Values

GTV Dimean p=0.001
GTV D2y, p=0.002
PTV Dmean p=0.002
PTV Doy, p=0.001
PTV V0% p=0.02

PTV GI p=0.019
Spinal Cord Dmax<20.3Gy p=0.022
Spinal Cord Do.01cc<14.2Gy p=0.02

Spinal Cord D12c<12.3Gy p=0.031

Keywords: MR-Guided Radiotherapy (MRgRT), Online Adaptive Radiotherapy, Risk of Radiation
Myelopathy, Stereotactic Body Radiotherapy (SBRT), Vertebral Metastases
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ROC ve AUC Kullanilarak VMAT Plan spesifik QA nin Linak Hatalarina Kargi Duyarlilik
ve Ozgiilliik Performansmin Degerlendirilmesi

Hande Ayata', Emrah Gokay Ozgur?

'WM Ozel Medicalpark Pendik Hastanesi
?Marmara Universitesi

Ozet: Bu calismanin amaci, VMAT hastaya 6zgii QA ydntemlerinin performansini, gamma indeksi
analizlerini kullanarak ROC egrileri ve AUC degerleri ile 6zgiilliik ve duyarlilik agisindan degerlendirmektir.
Farkli dedektor sistemleri (EPIQA, ArcCHECK 3DVH, OCTAVIUS 4D ve COMPASS) ve ¢esitli gamma
kriterleri karsilagtirilarak hatali ve hatasiz planlarin ayirt edilebilirligi nicel olarak analiz edilecektir. Bu
caligma icin 25 akciger SBRT hastasi se¢ilmistir. Hastalara ayrica MLC (0.25, 0.5, 1 ve 2 mm) ve kolimator
hatalarini iceren 6 sistematik hata yaratilmistir. 175 VMAT plani, gamma analizi (y) ile degerlendirilmistir
(3%/3, 3%/2, 2%/2, 2%/1, 1%/2, 1%/1). Her bir dedektdr i¢in gamma kriterine baglhi AUC degerleri
hesaplanmistir. Bu analizler kapsaminda ROC egrileri olusturulmus, dedektorlerin cesitli hatalara karsi
performanslari incelenmistir. BULGULAR: Calismada, ROC analizi sonucu, EPIQA'da 0.25, 0.5 ve 1 mm
MLC hatalarinda 2%/1'de AUC sirasiyla 1.0, 1.0 ve 1.0, 1%/2'de sirasiyla 0.976, 0.965 ve 1.0 ve 1%/1'de
strastyla 1.0, 0.976 ve 1,0 olarak bulunmustur. 3DVH'de 0.25, 0.5 ve 1 mm'de 2%/1'de AUC sirasiyla 0.88,
1.0 ve 1.0, 1%/2'de sirasiyla 0.886, 1.0 ve 1.0 ve 1%/1'de sirasiyla 0.914, 1.0 ve 1,0 olarak bulunmustur.
COMPASS'da 0.25, 0.5 ve I mm'de 2%/1'de AUC sirasiyla 0.77, 0.962 ve 1.0, 1%/2'de sirasiyla 0.604, 0.826
ve 1.0 ve 1%/1'de sirasiyla 0.762, 0.959 ve 1,0 olarak bulunmustur. OCTAVIUS4D'de 0.25, 0.5 ve 1 mm'de
2%/1'de AUC sirasiyla 0.586, 0.714 ve 0.949, 1%/2'de sirasiyla 0.589, 0.745 ve 0.978 ve 1%/1'de sirasiyla
0.581, 0.716 ve 0.949 olarak bulunmustur. 2 mm gibi yiiksek hatalarin tespitinde %100'e yakin duyarlilik elde
edilmistir. Hata 1 mm ve altina diistiik¢ce duyarlilik ve 6zgiilliikk azalmistir. Bu sonuglar, yiiksek ¢oziintirliiklii
dedektorler (EPID-EPIQA) ile kiigiik sistematik MLC hatalarinin daha giivenilir tespit edilebildigini, diisiik
coziiniirlikli dedektorlerde ise kiiciik hatalarin gozden kacabilecegini gostermektedir. SONUC: Genel olarak,
ROC ve AUC tabanli analizler, QA’da hem hatali hem de hatasiz planlarin ayriminda dedektor ¢oziintirliigiine
ve gamma kriterlerine duyarl oldugunu ortaya koymustur.

222



2 O Ulusal Medikdl \=")
’ :

Fizik Kongresk ) &

6-9 Kasim 2025 A
Pine Bay Holiday Resort, Kusadasi / AYDIN / g%' /)

EPIQA-ROC

(a)  Gamma criteria (3)  Gamma criteria  (3) Gamma . criteria
= ; |
& . 2w

1- Spacificity 1. Specificity 1-Specificity

(a) Gamma criteria (2) Gamma criteria (a) Gamma criteria

z | z -
Ll i H
5 ‘ % L
“
AP S el B
COMPASS -ROC
Gamma criteria of Gamma criteria of Gamma criteria of
H | b 3 | 1
2 ‘ 3. 3 wi =
+ al I ,I
| i =4
Y e skt ’ s
. Gamma criteria of ... Gamma criteria of 1%/2 . Gamma criteria of 1%/1
\ =
p
H
z g
z z

o
I o= \:4‘
ir

8
T
1 -Specncty

Anahtar Kelimeler: VMAT, Kalte Kontrol, Gamma Indeks
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Evaluation Of The Sensitivity And Specificity Performance Of VMAT Plan-Specific QA
Against Linac Errors Using ROC And AUC Analysis

Hande Ayata', Emrah Gokay Ozgur?

"WM Private Medicalpark Pendik Hospital
*Marmara University

Abstract: The aim of this study was to evaluate the performance of patient-specific quality assurance (QA)
methods in volumetric modulated arc therapy (VMAT) using gamma index analysis combined with receiver
operating characteristic (ROC) and area under the curve (AUC) metrics. Sensitivity and specificity of different
detector systems—EPIQA, ArcCHECK 3DVH, OCTAVIUS 4D, and IBA COMPASS were quantitatively
assessed to determine their ability to distinguish between error-free and error-induced treatment plans. Twenty-
five lung SBRT patients were included. For each, six systematic linac-related errors were deliberately
introduced: multileaf collimator (MLC) positional deviations 0f 0.25, 0.5, 1, and 2 mm, and collimator rotation
errors of 0.5° and 2°. A total of 175 VMAT plans were evaluated using gamma criteria of 3%/3 mm, 3%/2
mm, 2%/2 mm, 2%/1 mm, 1%/2 mm, and 1%/1 mm with a 10% dose threshold. ROC curves were generated
and AUC values calculated for each detector system to compare their detection capability across error
magnitudes.EPIQA achieved the highest accuracy, with AUC values of 1.0 for MLC errors >0.5 mm under
2%/1 mm and 1%/1 mm criteria, indicating excellent sensitivity and specificity. ArcCHECK 3DVH also
showed strong performance (AUC up to 1.0 for >0.5 mm errors), whereas COMPASS demonstrated moderate
sensitivity (AUC 0.76-0.96) and OCTAVIUS 4D exhibited lower detection performance (AUC 0.58—0.95)
for small MLC deviations. For 2 mm errors, all detectors achieved near-perfect classification. However,
sensitivity and specificity decreased as error magnitudes dropped below 1 mm, particularly for detectors with
lower spatial resolution.Overall, stricter gamma criteria (e.g., 1%/1 mm) increased sensitivity but slightly
reduced specificity, while looser criteria (e.g., 3%/3 mm) yielded the opposite trend. These findings indicate
that ROC—AUC analysis provides an effective framework for quantifying detector performance and that high-
resolution, EPID-based systems such as EPIQA are more reliable for detecting small, systematic linac errors
in VMAT plan-specific QA.
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Akciger kanseri SBRT Tedavisinde AAA ve Acuros XB Doz Hesaplama Algoritmalarinin
Karsilastirilmasi

Emirhan Kemal Bagriyanik!, Sule Karaman?, Nergiz Dagoglu Sakin?, Murat Okutan’

'istanbul Universitesi Saglik Bilimleri Enstitiisii, Temel Onkoloji Anabilim Dali, Saglik Fizigi Bilim Dali
?[stanbul Universitesi, Onkoloji Enstitiisii, Klinik Onkoloji Ana Bilim Dali, Radyasyon Onkolojisi Bilim
Dali

3Istanbul Universitesi, Onkoloji Enstitiisii, Temel Onkoloji Anabilim Dali, Saglk Fizigi Bilim Dal1

Ozet: Kiigiik hiicreli dis1 akciger kanseri (KHDAK) tedavisinde, radyocerrahi yaygin olarak kullanilir.
Cerrahiye uygun olmayan hastalar i¢in etkili bir tedavidir. Radyocerrahi tedavide, kranial veya ekstrakranial
konumdaki tiimdrlere yiiksek dozlar verilirken, ¢evredeki normal dokularin miimkiin oldugunca az doz almasi
ve diistik hata pay1 hedeflenir. Bununla birlikte yiiksek biyolojik etkin dozlar (BED) ve etkili tiimdr kontrolii
saglanir. Kullanilan doz hesaplama algoritmasi tedavinin dogrulugunda biiylik 6nem tasir. Homojen olmayan
dokularda absorbe dozun dogru bir sekilde hesaplanmasi i¢cin uygun algoritma se¢ilmesi gerekir. Bu caligmada
kiigtik hiicreli olmayan akciger kanseri radyocerrahi tedavileri, Eclipse Tedavi Planlama Sistemi’nde,
Analytical Anisotropic Algorithm (AAA) ve Acuros External Beam (AXB) doz hesaplama algoritmalari
kullanilarak karsilastirilmistir. Caligmamiza 28 hasta, santral ve periferik yerlesimli olmak iizere iki gruba
ayrilarak dahil edilmistir. Daha 6nce tedavi goren hastalarin 4D CT (Four-dimensional Computed
Tomography) goriintiileri kullanilmistir. Santral yerlesimli 14 ve periferik yerlesimli 14 planlama hedef hacmi
(PTV) i¢in Eclipse TPS’de ( Treatment Planning System) Halcyon cihaziyla 6X FFF (Flattening Filter Free)
beam kullanilarak VMAT (Volumetric Modulated Arc Therapy) teknigiyle hazirlanan SBRT (Stereotactic
Body Radiation Therapy) tedaviler hazirlanmistir. Tedavilerde PTV recete dozunu alirken riskli organlarin,
doz limitlerinin altinda kalmas1 saglanmistir. Hazirlanan planlar, AAA ve AXB algoritmalarinda doz hesab1
yapildiktan sonra PTV’nin %95’inin verilen dozun tamamini aldig1 izodoz hattina normalize edilmistir.
Hesaplanan planlarda Dose-Volume Histogram’dan (DVH) PTV, akciger, kalp, spinal cord, 6zofagus, gogiis
duvari, biiylik damarlar ve brons dozlar belirlenmistir. Tedavilerin kalitesini karsilastirmak i¢in Homogeneity
Index (HI), Conformity Index (CI) ve Gradient Index (GI) degerleri hesaplanmstir. Eclipse tedavi planlama
sisteminde bulunan AAA ve AXB algoritmalarinda yapilan karsilastirma sonucunda, homojen olmayan
akciger dokusunun ve riskli organ dozlarinda istatistiksel olarak anlamli bir fark bulunmustur. Elde edilen
sonuglar, santral ve periferik yerlesimli tiimorler i¢in benzer sonuglar vermistir.
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AAA ve AXB algoritmalariyla hesaplanan planlarin karsilastirilmasi

AAA AXB AAA-AXB
PTv Ortalama = SD|Ortalama = SD o, farki P
Dinax (cGy) 5917 +£ 153 6383 + 323 -7,8 <0,001
Dinin (cGy) 4999 + 151 4772 + 290 4,5 0,002
Dinean (cGy) 5613 +49 5799 + 136 -3,3 <0,001
Dos (cGy) 5335+ 15 5285+ 51 0,9 <0,001
Dso (cGy) 5625 +£53 5826 + 144 -3,5 <0,001
D» (cGy) 5816 + 98 6168 + 301 -6,0 <0,001
HI 0,1060 + 0,0310(0,1390 + 0,0383|-31,1 <0,001
CI 1,1137 +£0,0300(1,1881 + 0,0573}-6,6 <0,001
GI 4,7587 +0,9360[4,9983 + 0,9412]-5,0 0,002
R50% 4,7853 +1,0281]5,3696 + 1,1630}-12,2 <0,001
OAR
ipsilateral Akciger
Vs (%) 1594 +6,79 |17,37+7,39 |-9,0 0,003
Vio (%) 9,74 £ 3,70 10,58 +4,23  |-8,6 0,002
V20 (%) 4,25+ 1,37 4,67 + 1,69 -9,9 <0,001
Spinal cord
Dinax (cGy) 902 + 503 962 £519 -6,7 0,004
Ozofagus
Dimax (cGy) 1112 484 1196 + 537 -7,6 0,033
Gogiis Duvan
Dimax (cGy) 4817 £ 1331|5046+ 1336 |-4,8 0,002

P degeri 0.05’ten kiiclik olan sonuglar istatistiksel olarak anlamli olarak degerlendirilmistir.
Anahtar Kelimeler: AAA, Akciger SBRT, AXB, Inhomojenite, Radyocerrahi
Abstract No: 9566

Publish No: SB019
Abstract Group: Radiotherapy / Treatment Planning in Radiotherapy
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Comparison of AAA and Acuros XB Dose Calculation Algorithms In Lung Cancer SBRT
Treatment

Emirhan Kemal Bagriyanik!, Sule Karaman?, Nergiz Dagoglu Sakin?, Murat Okutan?

'Istanbul University, Institute of Health Science, Department of Basic Oncology, Department of Medical
Physics

?Istanbul University, Institute of Oncology, Department of Clinical Oncology, Department of Radiation
Oncology

3Istanbul University, Institute of Oncology, Department of Basic Oncology, Department of Medical Physics

Abstract: Radiosurgery is widely used in the treatment of non-small cell lung cancer (NSCLC). It is an
effective treatment for patients who are not suitable for surgery. In radiosurgery, high doses are administered
to tumors located cranial or extracranial, while the aim is to minimize the dose to surrounding normal tissues
and minimize the margin of error. This ensures high biologically effective doses (BED) and effective tumor
control. The dose calculation algorithm used is crucial for treatment accuracy. The appropriate algorithm must
be selected to accurately calculate the absorbed dose in inhomogeneous tissues.This study compared
radiosurgery treatments for non-small cell lung cancer using the Analytical Anisotropic Algorithm (AAA)
and Acuros External Beam (AXB) dose calculation algorithms in the Eclipse Treatment Planning System.
Twenty-eight patients were divided into two groups: centrally and peripherally located. 4D CT (Four-
dimensional Computed Tomography) images of previously treated patients were used. SBRT (Stereotactic
Body Radiation Therapy) treatments were prepared using the VMAT (Volumetric Modulated Arc Therapy)
technique using a 6X FFF (Flattening Filter Free) beam with the Halcyon device on the Eclipse TPS
(Treatment Planning System) for 14 centrally located and 14 peripherally located planning target volumes
(PTVs). The PTV received the prescribed dose during the treatments, while ensuring that organs at risk
remained below the dose limits. The prepared plans were normalized to the isodose line where 95% of the
PTV received the entire dose after dose calculation using the AAA and AXB algorithms.In the calculated
plans, PTV, lung, heart, spinal cord, esophagus, chest wall, great vessels and bronchus doses were determined
from the Dose-Volume Histogram (DVH). Homogeneity Index (HI), Conformity Index (CI), and Gradient
Index (GI) values were calculated to compare the quality of the treatments.As a result of the comparison made
between AAA and AXB algorithms in the Eclipse treatment planning system, a statistically significant
difference was found in the doses of inhomogeneous lung tissue and organs at risk. The results were similar
for centrally and peripherally located tumors.
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Comparison of plans calculated with AAA and AXB algorithms

AAA AXB AAA-AXB

PTv Mean £+ SD Mean + SD 7o Relative p
difference

Dinax (cGy) 5917 £ 153 6383 £323 -7,8 <0,001
Dimin (cGy) 4999 + 151 4772 + 290 4,5 0,002
Dimean (¢Gy) 5613 +49 5799 £ 136 -3,3 <0,001
Dos (cGy) 5335+ 15 5285+ 51 0,9 <0,001
Dso (cGy) 5625 + 53 5826 + 144 -3,5 <0,001
D> (cGy) 5816 £ 98 6168 £ 301 -6,0 <0,001
HI 0,1060 + 0,0310]0,1390 + 0,0383|-31,1 <0,001
CI 1,1137 +0,0300]1,1881 + 0,0573|-6,6 <0,001
GI 4,7587 + 0,936014,9983 + 0,9412/-5,0 0,002
Rs0% 4,7853 +1,0281|5,3696 + 1,1630}-12,2 <0,001
OAR
Ipsilateral Lung
Vs (%) 1594 +6,79 |17,37+7,39 |-9,0 0,003
Vio (%) 9,74 + 3,70 10,58 £4,23  |-8,6 0,002
V2o (%) 4,25 + 1,37 4,67 + 1,69 -9,9 <0,001
Spinal cord
Dinax (cGy) 902 + 503 962 + 519 -6,7 0,004
Esophagus
Dimax (cGy) 1112 +484 1196 + 537 -7,6 0,033
Chest Wall
Dinax (cGy) 4817+ 1331|5046 + 1336  [-4,8 0,002

P value less than 0.05 were considered statistically significant.

Keywords: AAA, AXB, Inhomogeneity, Lung SBRT, Radiosurgery
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Bildiri No: 5092
Yaymn No: SB020
Bildiri Grubu: Radyoterapi / Radyoterapide Dozimetri

Dedektor Elektron Yogunlugu ve Aci Diizeltmelerinin Gamma Analiz Sonuglarina Etkisi:
Farkli Planlama Algoritmalarinin Karsilastirilmasi

Oguzhan Ayrancioglu!, Cemile Ceylan®

zmir Timaztepe Universitesi Galen Hastanesi, Radyasyon Onkolojisi

?[zmir Tmaztepe Universitesi, SMYO, Tibbi Goriintiilleme Teknikerligi Programi
3Istanbul Onkoloji Hastanesi, Radyasyon Onkolojisi

*Yeditepe Universitesi, Saglik Bilimleri Fakiiltesi

Ozet: Amag: Modern radyoterapi (RT) tekniklerinde tedavi planlama sistemi (TPS) optimizasyonu ve doz
hesaplama algoritmalartyla olusturulan planlarin, hasta-6zgii kalite kontrol (PSQA) siireciyle dogrulanmasi
biiyiik énem tagrmaktadir. Iki boyutlu dedektdr sistemleriyle gergeklestirilen PSQA degerlendirmelerinde
gamma analiz sonuglari, dedektdr materyalinin elektron yogunlugu (HU degeri) ve gantri agisina bagli yanit
degisikliklerinden etkilenmektedir. Bu etkilerin dikkate alinmamasi, PSQA sonuclarinin yanls
yorumlanmasina neden olabilir. Bu calisma, dedektor materyalinin HU degerine ve acisal bagimliligina
yonelik diizeltmelerin PSQA gamma analiz sonuglarma etkisini belirlemeyi ve bu etkileri farkli TPS
algoritmalar1 arasinda karsilastirmali olarak degerlendirmeyi amaglamaktadir.Materyal ve Metot:Calismada
iki farkli 2 boyutlu dedektor sistemi kullanilarak, “miniPhantom” adaptoriiyle elde edilen 1 mm BT kesit
goriintiileri lizerinden HU diizeltmesi uygulanmis ve uygulanmamis iki veri seti olusturulmustur. Bu
gorlintiiler Eclipse (AAA, AXB) ve Monaco (CC, MC) TPS’lerine aktarilmis; 6 MV foton enerjisinde 10x10
cm? statik alanlar i¢in 0°, 45°, 90°, 180° ve 270° gantri acilarina karsilik doz hesaplamalar1 yapilmistir. Ayrica
6 MV yogunluk ayarl ark tedavilerinde (YAAT) ayni1 algoritmalar ve iki uzaysal ¢oziintirliik (0.1 cm ve 0.65—
0.762 cm) kullanilmustir. Olgiimler, gantri agisina bagl enerji sogurulma katsayisi diizeltmesi uygulanarak ve
uygulanmadan gerceklestirilmis, gamma analiz parametreleri %2/2 mm (%5 esik) olarak
degerlendirilmistir.Bulgular ve Tartisma:En yiliksek gamma uyum oranlari, HU ve gantri ac1 diizeltmelerinin
birlikte uygulandigi kosullarda elde edilmistir. HU diizeltmesi yapilan karsilastirmalarda tiim algoritmalarda
uyum oranlari sistematik olarak artmistir. HU diizeltmesine en az duyarli algoritma AAA, en fazla duyarh
algoritma ise MC olarak bulunmustur. Doz ¢oziinlirliigli 1 mm’ye diisiiriildiigiinde genel uyum oranlari
artmistir. Acisal bagimlilik agisindan en belirgin fark 180° ve 270° acilarinda goriilmiis, bu etkinin CC ve MC
algoritmalarinda daha belirgin oldugu gozlenmistir.
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Algoritmalara Gore Diizeltme Kosullarina Bagli Ortalama Gamma Gegis Orani (%)
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Dizeltme Kosulu

Iki farkli algoritma igin ac1 ve heterojenite diizeltme faktdrlerine bagli olarak elde edilen ortalama Gamma
Gegcis Orani (GPR) degerleri

Anahtar Kelimeler: Gamma Analizi, Algoritma, Hasta Spesifik Kalite Kontrol (PSQA)
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Abstract No: 5092
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Abstract Group: Radiotherapy / Dosimetry in Radiotherapy

Effect of Detector Electron Density and Angular Corrections on Gamma Analysis Results:
A Comparison Across Different Treatment Planning Algorithms

Oguzhan Ayrancioglu!, Cemile Ceylan®

1zmir Tmaztepe University Galen Hospital, Department of Radiation Oncology

?[zmir Tmaztepe University, Vocational School of Health Services, Medical Imaging Techniques Program
3{stanbul Oncology Hospital, Department of Radiation Oncology

*Yeditepe University, Faculty of Health Sciences

Abstract: Purpose:Verification of radiotherapy (RT) treatment plans through patient-specific quality
assurance (PSQA) is a crucial step in ensuring the accuracy of modern RT techniques, which rely on
optimization and dose calculation algorithms within treatment planning systems (TPS). In PSQA evaluations
performed using two-dimensional detector systems, gamma analysis results are influenced by factors such as
the detector material’s electron density (Hounsfield Unit, HU value) and gantry angle—dependent response
variations. Neglecting these effects may lead to misinterpretation of PSQA outcomes. This study aims to
evaluate the impact of HU-based electron density corrections and angular dependence on PSQA gamma
analysis results and to compare these effects across different TPS algorithms.Materials and Methods:Two
distinct 2D detector systems were used in this study. Computed tomography (CT) images with 1 mm slice
thickness were acquired using a miniPhantom adapter, generating two datasets—with and without HU
correction. These images were imported into Eclipse (AAA, AXB) and Monaco (CC, MC) TPSs. For each,
static 10 x 10 cm? fields were calculated at 6 MV photon energy for gantry angles of 0°, 45°, 90°, 180°, and
270°. Additionally, five intensity-modulated arc therapy (IMAT) plans were recalculated using the same
algorithms at two spatial dose resolutions (0.1 cm and 0.65-0.762 cm). Measurements were performed both
with and without applying gantry angle—dependent energy absorption coefficient corrections. Gamma analysis
was performed using 2%/2 mm criteria with a 5% dose threshold.Results and Discussion:The highest gamma
passing rates were observed when both HU and gantry angle corrections were applied. Comparisons with HU
correction consistently showed higher agreement across all algorithms. The AAA algorithm was least affected
by HU variations, while MC was most sensitive. Reducing spatial dose resolution to 1 mm improved overall
agreement rates. Angular dependence effects were most pronounced at 180° and 270°, particularly for the CC
and MC algorithms. These findings highlight the importance of incorporating both HU and angular corrections
to minimize uncertainty in PSQA and ensure consistent dose verification across different TPS algorithms.
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Mean Gamma Passing Rate (%) by Algorithm under Different Correction Conditions
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Dizeltme Kosulu

Mean GPR Values for Two Algorithms under Different Angle and Heterogeneity Correction Conditions

Keywords: Gamma Analysis, Algorithm, Patient-Specific Quality Assurance (PSQA)
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Meme Kanseri Olgularinda Radyoterapiye Bagl Kas Hareketlerindeki Yan Etkilerin
Progresif Diren¢ Egitimi Ile Incelenmesi

Emel Tugrul®, Burak Baslangic', Burcu Gerg¢ek Kalyoncu?, Hayri Ertan’, Mustafa Caglar!, Omer Yazict',
Fuzuli Tugrul?

listanbul Medipol Universitesi
2Acibadem Eskigehir Hastanesi
3Eskisehir Teknik Universitesi

Ozet: Adjuvan radyoterapi, meme kanseri tedavisinin énemli bir bilesenidir. Radyoyterapi, kas spesifik kok
hiicrelere dogrudan veya dolayli hasara neden olabilir, bu da ¢esitli yan etkilere yol agabilir. Tedavi sonrasi
giicstizliik, hareket kisitliligi, tutukluk ve agr1 gibi omuz morbiditeleri yasanmaktadirlar. Calismada, meme
kanseri tedavisi sirasinda omuz kusagi kaslarinin aldigir dozlarin, omuz, kol hareketlerinin kisitlanmasina
yonelik yan etkilerin PRT (Progresif Diren¢ Egitimi) ile incelenmesi ve egzersiz sonuglarinin katkilar
arastirilmistir.Calismada, meme koruyucu cerrahi veya mastektomi uygulanmis meme kanseri hastalarina
hipofraksiyone radyoterapi uygulanmaistir. Hastalar rastgele olarak egzersiz grubuna (EG, n=15) ya da kontrol
grubuna (KG, n=16) atanmistir. EG’ deki hastalar ii¢ hafta boyunca her giin radyoterapi alip haftada ii¢ giin
egzersiz yaparken, KG katilimcilari yalnizca radyoterapi almistir. Artromaskiiler fonksiyonu degerlendirmek
icin omuz i¢ ve dig rotasyon momentleri izokinetik dinamometre kullanilarak Ol¢iilmiistiir. Hastalar,
egzersizler arasinda li¢ dakika dinlenme ile 1,047 rad/s ve 2,094 rad/s, internal torque 120 (TI120Pre) ve
internal torque 60 (TI60Pre) acisal hizlarda, bilateral omuz i¢ rotasyonu i¢in maksimal izokinetik test
gerceklestirmistir. Hastalarin tedavilerinin bitiminde biitliin hastalar i¢in ayni testler, internal torque 120
(TT120Post) ve internal torque 60 (TI60Post) olarak uygulanip kontrol ve egzersiz hastalar1 verileri elde
edilmistir. RT alan EG hastalari, ti¢ hafta boyunca haftada ii¢ giin, spor uzmani tarafindan hazirlanan egzersiz
programi ile calismaya katildilar. Kontrol grubundaki hastalarin tedavi siirecinde herhangi bir egzersiz
yapmadiklar1 varsayillmistir. 6MV kullanilarak tedavi planlamalar1 yapilmistir. Tedaviler, 6-8 alanl field-in-
field (FIF) ve boost i¢in IMRT (Intensity Modulated Radiation Theraphy) teknigi uygulanmistir.Calismada,
EG ve KG hastalarinda, harekete katkida bulunan kaslarin ve aldiklar1 dozlarin ortalamalar1 benzer sonuglar
vermistir. Bununla birlikte EG hastalarinin kas giicii okumalari, tedavi dncesi ve sonrasina kiyasla ayni veya
daha iyi olmustur. Istatistiksel olarak anlaml1 olan bulgularimiz, lenfatik ve meme hacimlerine tedavi sirasinda
uygulanan egzersiz programlarinin, omuz kusag: kaslarinda gelisebilecek erken doku yan etkileri ve bu
etkilerin kas giicii etkinligi acisindan yararli sonuglar ortaya koymustur

234



2 O Ulusal Medikﬁi‘ri@)
; _

Fizik Kongresi () ¢
6-9 Kasim 2025 .

Pine Bay Holiday Resort, Kusadasi / AYDIN / = N

Calisma protokolii ve egzersiz programi. Direng bandi ile yapilan hareketleri ve bunlarin sirasini
gostermektedir.

Direng bandi basin {izerinde tutulur ve iki tarafa dogru ¢ekilir (egzersiz #1). Kollar, direng bandu ile
doniisiimlii olarak 6ne dogru uzatilir (egzersiz #2). Hareket, dirsekler 90° agiyla biikiilmiis halde baglar ve
ardindan diren¢ bandina kars1 tamamen uzatilir (egzersiz #3). Omuz abduksiyonu hareket arali§i boyunca

yapilir (egzersiz #4). Hareket, omuzlar 90° biikiilmiis ve ardindan dirence kars1 uzatilmis olarak baslar
(egzersiz #5). Sirtiistli pozisyondayken diren¢ bandini dizlerden basa dogru ¢ekin (egzersiz #6). Direng
band1 gdvdenin altina yerlestirilir ve sirtiistii pozisyondayken gdgiis boyunca yukar1 dogru itilir (egzersiz
#7). Dirence kars1 omuz fleksiyonu (egzersiz #8). Dirence kars1 omuz ekstansiyonu (egzersiz #9).

Kas Giicii Olgiimlerinin Kontrol ve Egzersiz Gruplarina Gére Sonuglar

Kontrol Grubu Egzersiz Grubu
Mean [Median| SD [Minimum|{Maximum| Mean [Median| SD [Minimum|Maximum Degeri

Yas 45.4 47 6,4 30 55 44,1 46,5 7,5 28 56 0,742
Tot.Kas

. 223,1 | 226,8 | 67,5 103,3 311,2 | 177,8 | 134,1 93,5 89,8 354,7 (0,102
Hacmi
Toplam Kas
Hacminin 14,9 14,3 7 1 26 13,5 11 5,5 7,8 23,3 0,591
Aldig1 Doz Gy
%V40,5Gy 0,1 0,1 0,1 0 0,2 0,1 0,1 0,1 0 0,2 0,949
%V50,5Gy 0 0 0 0 0 0 0 0 0 0 0,88
Tork
internal 1 20Pre 21,6 | 226,5 6,5 12 34 19,9 | 20,5 7,9 9 034 0,505
Tork Internal |, 11 5 | 59 13 33 [ 204 | 30 | 8.1 20 47 10,005
120Post
Tork Internal | ) ¢ | ) | 45 12 34 1199 | 205 | 7 11 47 {0477
60Pre
Tork Internal | ) 5 | 5, 5,7 15 33 29,1 | 30, 8,4 20 34 | 0,01
60Post

Anahtar Kelimeler: Egzersiz, Kas Hareketi, Meme Kanseri, Radyoterapi
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The Investigation of Side Effects in Muscle Movements Associated with Radiotherapy in
Breast Cancer Cases Using Progressive Resistance Training

Emel Tugrul®, Burak Baslangic', Burcu Gerg¢ek Kalyoncu?, Hayri Ertan’, Mustafa Caglar!, Omer Yazict',
Fuzuli Tugrul?

'Istanbul Medipol University
2Acibadem Eskisehir Hospital
3Eskisehir Technical University

Abstract: Adjuvant radiotherapy is an important component of breast cancer treatment. Radiotherapy can
cause direct or indirect damage to muscle-specific stem cells, which can lead to various side effects. Post-
treatment shoulder morbidities such as weakness, limited movement, stiffness are experienced. The study
investigated the doses received by the shoulder muscles during breast cancer treatment, the side effects related
to restricted shoulder and arm movement using PRT (Progressive Resistance Training), and the contributions
of exercise outcomes.In the study, hypofractionated radiotherapy applied to breast cancer patients who had
undergone breast-conserving surgery or mastectomy. Patients were randomly assigned to either the exercise
group (EG, n=15) or the control group (CG, n=16). Patients in the EG received radiotherapy daily for three
weeks and exercised three days a week, while participants in the CG received radiotherapy only. Shoulder
internal and external rotation moments were measured using an isokinetic dynamometer to assess
arthromuscular function. Patients performed maximal isokinetic testing for bilateral shoulder internal rotation
at angular velocities of 1,047 rad/s and 2,094 rad/s, internal torque 120 (T1120Pre) and internal torque 60
(TI60Pre), with a three-minute rest between exercises. At the end of treatment, the same tests were performed
for all patients at internal torque 120 (TI120Post) and internal torque 60 (TI60Post) to obtain control and
exercise patient data. EG patients receiving RT participated in an exercise program prepared by a sports
specialist three days a week for three weeks. It was assumed that patients in the control group did not perform
any exercise during the treatment process.Treatment plans were made using 6MV. Treatments were applied
using the field-in-field (FIF) technique with 6-8 fields and IMRT (Intensity Modulated Radiation Therapy)
for boost.In the study, the averages of the muscles contributing to movement and the doses received in EG
and KG patients yielded similar results. However, muscle strength readings in EG patients were the same or
better compared to before and after treatment. Our statistically significant findings show that exercise
programs applied during treatment produced beneficial results in terms of muscle strength effectiveness
against early tissue side effects that may develop in the shoulder girdle muscles.
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Workout protocol and exercise program. It shows the movements performed with resistance bands and their
sequence.

The resistance band is held above the head and pulled toward both sides (exercise #1). The arms are
alternately extended forward with the resistance band (exercise #2). The movement begins with the elbows
bent at a 90° angle and then fully extended against the resistance band (exercise #3). Shoulder abduction is
performed throughout the range of motion (exercise #4). The movement begins with the shoulders bent at

90° and then extended against resistance (exercise #5). While lying on your back, pull the resistance band
from your knees toward your head (exercise #6). The resistance band is placed under the torso and pushed
upward along the chest while lying on your back (exercise #7). Shoulder flexion against resistance (exercise
#8). Shoulder extension against resistance (exercise #9).

Results of Muscle Strength Measurements According to Control and Exercise Groups

Control Group Exercise Group

Mean |Median| SD | Minimum [ Maximum | Mean [Median| SD | Minimum | Maximum Vzﬁue
Age 45,4 47 6,4 30 55 44,1 46,5 7,5 28 56 0,742
Total Muscle | »»3 1 | 5068 | 67.5 | 1033 3112 | 177,8 | 1341 | 935 | 89,8 354,7 0,102
Volume (cc(
All Muscle
Avarage Dose 14,9 14,3 7 1 26 13,5 11 5,5 7,8 23,3 0,591
(Gy)
%V40.5Gy0,1 0,1 0,1 0,1 0 0,2 0,1 0,1 0,1 0 0,2 0,949
%V50.5Gy 0 0 0 0 0 0 0 0 0 0 0,88
Torque Internal | ) | >y | 65 12 34 199 | 205 | 79 9 34 10,505
120Pre
Torque
Internal120 Post 21,1 21 5,9 13 33 29,4 30 8,1 20 47 0,005
Torque Internal

21,6 22 6,5 12 34 19,9 20,5 7 11 34 0,477

60 Pre
Torgue
Internal60 Post 21,2 21 5,7 15 33 29,1 30 8.4 20 47 0,01

Keywords: Breast Cancer, exercise, Muscle Movement, Radiotheraphy
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Prostat Kanser1 Hiicrelerinde Si0: Nanopargaciklarinin Radyoduyarlastirict Potansiyeli

Songiil Barlaz Us', Fatma Sogiit?, Hatice Orug¢ Demirbag’, Sakir Necat Yilmaz?, Eda Kaya Pepele?*, Ulkii
Coémelekoglu®

"Mersin Universitesi Tip Fakiiltesi Radyasyon Onkolojisi Anabilim Dal1
?Mersin Universitesi Saglik Hizmetleri Meslek Yiiksekokulu

3Mersin Universitesi Tip Fakiiltesi Histoloji-Embriyoloji Anabilim Dalt
*Turgut Ozal Universitesi Yesilyurt Meslek Yiiksekokulu

Mersin Universitesi Tip Fakiiltesi Biyofizik Anabilim Dali

Ozet: Prostat kanseri radyoterapisinde (RT), tedavinin etkinligini arttiracak yeni stratejiler arasinda,
nanoparcaciklarin kanser tedavisinde kullanimi, preklinik arastirmalarda 6nemli bir potansiyel ortaya
koymustur. Bu ¢aligmada silisyum dioksit nanopargaciklarinin (SiO:NP), DU145 prostat kanseri kiiltiir
hiicreleri lizerindeki radyoduyarlastiric1 etkisinin incelenmesi amacglanmistir. Calismada, hiicreler kontrol,
yalnizca SiO:, yalnizca radyoterapi (RT) ve SiO:NP ile RT nin birlikte uygulandigt grup (SiO: + RT) olmak
tizere dort gruba ayrilmistir. Hiicre canlilifi, apoptoz, koloni olusumu ve ether a go-go (EAGI) kanal
iletkenligi sirasityla MTT testi, akis sitometrisi, kristal viyole boyama ve patch-clamp teknigi kullanilarak
degerlendirilmistir. Bulgular, tiim tedavi gruplarinda hiicre canliliginin kontrol grubuna kiyasla azaldigim
gostermistir. RT ve RT+Si10: gruplar arasindaki farkin da istatistiksel olarak anlamli oldugu belirlenmistir.
Yalnizca SiO.NP uygulamasi, DU145 hiicre canlilifin1 yaklasik %74’e, yalnizca RT yaklasik %50’ye,
kombinasyon ise % 38’e diisiirmiistiir (p<0,05). Koloni sayilari, tiim gruplarda kontrol grubuna kiyasla
anlaml1 derecede azalmis, ancak RT ve RT+SiO: gruplar arasinda anlamli bir fark bulunmamaistir. Bu azalma,
RT’de % 96, RT+Si0: grubunda ise % 98 diizeyinde gerceklesmistir. Yalnizca SiO:NP uygulamasi, kontrol
grubuna kiyasla ge¢ apoptoz popiilasyonlarini ve nekrotik hiicre diizeylerini anlamli olarak artirmistir. RT de
apoptozu artirmig, SiO2+RT kombinasyonu bu egilimi siirdlirmiistiir; ancak kombinasyon grubundaki apoptoz
diizeyleri, yalnizca RT grubunda gozlenen degerlerden anlamli farklilik gostermemistir. EAG1 kanal
iletkenligi, SiO2 ve Si02+RT gruplarinda kontrol ve RT gruplarina kiyasla anlamli derecede azalmis (p<0.05),
ancak RT ve kontrol gruplar1 arasinda istatistiksel olarak anlamli bir fark bulunmamistir (p>0.05). Kontrol
grubuna kiyasla, Si02 ve kombinasyon gruplarinda EAG1 kanal iletkenligi %90’dan fazla azalmistir. Sonug
olarak, SiO:NP’ler hem tek basina hem de RT ile birlikte DU145 prostat kanseri hiicreleri lizerinde sitotoksik
ve elektrofizyolojik  etkiler gostermektedir. EAGI1 kanal aktivitesinin  gilicli  inhibisyonu,
radyoduyarlasticilarda yeni bir iyon kanal hedefleme mekanizmasini isaret etmektedir. Bu bulgular, terapdtik
potansiyellerini dogrulamak amaciyla yapilacak ileri diizey in vivo ¢alismalarla desteklenmelidir.*Bu ¢alisma
Mersin Universitesi Bilimsel Arastirma Projeleri Koordinasyon Birimince desteklenmistir (Proje No. 2021-1-
TP2-4310).

Anahtar Kelimeler: apoptoz, EAG1 kanal iletkenligi, Koloni olusturma, prostat kenseri, SiO: nanopargacik
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Radiosensitizing Potential of Si02 Nanoparticles in Prostate Cancer Cells
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Abstract: Nanoparticles have shown significant potential in enhancing the efficacy of prostate cancer
radiotherapy (RT). This study aimed to evaluate the radiosensitizing effect of silicon dioxide nanoparticles
(SiO2NPs) on DU145 prostate cancer cells. Cells were divided into four groups: control, SiO- only, RT only,
and SiO>+RT. Cell viability, apoptosis, colony formation, and EAGI1 channel conductance were assessed
using MTT assay, flow cytometry, crystal violet staining, and patch-clamp technique.Results showed reduced
cell viability in all treatment groups compared to control. SiO-NPs alone decreased viability to ~74%, RT
alone to ~50%, and the combination to 38% (p < 0.05). Colony formation was markedly reduced in all
treatments (RT: 96%, Si0.+RT: 98%), with no significant difference between RT and combination groups.
Si0:NPs increased late apoptosis and necrosis, and the combination maintained this trend. EAG1 channel
conductance was strongly inhibited (>90%) in SiO:. and combination groups, while RT alone had no
significant effect.In conclusion, SiO-NPs exhibit cytotoxic and electrophysiological effects on DU145 cells,
both alone and with RT. The strong inhibition of EAGI channels suggests a novel mechanism for
radiosensitization. Further in vivo studies are warranted to confirm their therapeutic potential.*This study was
supported by the Scientific Research Projects Coordination Unit of Mersin University (Project No. 2021-1-
TP2-4310).

Keywords: apoptosis, Colony formation, EAG1 channel conductance, prostate cancer, SiO2 nanoparticul
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Bildiri No: 8287
Yayimn No: SB023
Bildiri Grubu: Radyoterapi / Radyoterapide Brakiterapi

Serviks Kanseri Brakiterapisi’nde MRpre'den CTplan Goriintiilerine Deforme Edilebilir
Goriintii Kaydi Yontemlerinin Arastirilmasi

Aycan Sengiil', Stefan Ecker?, Junfang Yan®, Maximilian Paul Schmid?, Nicole Eder-Nesvacil?, Johannes
Knoth?, Alina Sturdza?, Christian Kirisits?

' Akdeniz Universitesi, Saglik Hizmetleri Meslek Yiiksek Okulu, Antalya , Tiirkiye

2Radyasyon Onkolojisi Boliimii, Kapsamli1 Kanser Merkezi, Viyana Medikal Universitesi, Viyana,
Avusturya

SRadyasyon Onkolojisi Boliimii, Pekin Birligi Tip Fakiiltesi Hastanesi, Cin Tip Bilimleri Akademisi ve
Pekin Birligi Tip Fakiiltesi, Pekin, Cin

Ozet: Goriintii rehberliginde adaptif brakiterapi (GRABT) lokal ileri serviks kanseri igin merkezi bir tedavi
modalitesidir. CT, serviks kanseri brakiterapisinde yaygin olarak kullanilan bir goriintiileme yontemi olsa da,
yliksek riskli klinik hedef hacmi (CTVHR) tanimlamak i¢in énemli diizeyde konturlama belirsizliklerine
neden olmaktadir. Buna karsilik, MRG iistiin yumusak doku kontrast1 ile CTVHR'yi tanimlamada daha
basarilidir. Ancak, MRG'nin ¢ogu radyoterapi kliniginde bulunmamas1 (lojistik ve finansal kisitlamalar
nedeniyle), MRG tabanlt GRABT 'nin diinya ¢apinda yaygin olarak uygulanmasinda énemli bir zorluk teskil
etmektedir.Bu caligmanin amaci, tanisal MR goriintiileri (MRpre) ile aplikatdr varliginda ¢ekilen CT
gortintiileri (CTplan) arasinda gross tiimor hacmini (GTV) yaymak icin Deforme Edilebilir Goriintii Kaydinin
(DIR) fizibilitesini ve dogrulugunu degerlendirmektir. Serviks kanserli 13 hastanin MRplan (tedavi plan1 ve
organ hacimleri dahil), MRpre ve CTplan goriintii veri setleri kullanilarak retrospektif bir ¢calisma yapildi.
GTVpre ve GTVplan sirasiyla MRpre ve MRplan goriintiileri iizerinde konturlandi (Sekil 1). GT Vpre, farkl
kontrol yapilarina ve mevcut goriintiileme bilgilerine sahip 5 farklt DIR yontemi kullanilarak CTplan'a
deforme bir sekilde kaydedildi (Tablo 1). Deforme edilmis GTV'nin kontur kalitesini degerlendirmek i¢in
GTVplan (ground-truth), 3 aplikator isaret noktasi kullanilarak rijit goriintii kaydi yoluyla CTplan’a
aktarildi. Tiim goriintii kayitlar1 RayStation v2024B DTK'nin (RaySearch Laboratories, Stockholm, Isveg)
ANACONDA algoritmasi kullanilarak gerceklestirilmistir. GTVplan ve GTVdeformed hacimleri igin
kantitatif metrikler (DICE Coefficient ve Hausdorff distance) Hero Imaging yazilim1 (Hero Imaging AB,
Umes4, Isveg) kullanilarak analiz edilmistir.Brakiterapi aplikatdrlerinin neden oldugu anatomik distorsiyonlar,
mesane/rektum dolum farkliliklar1 ve bacak/pelvik pozisyon farkliliklart varliginda kayit performansinin
etkinligi sinirliydi. En iyi performans DICE 0,34 ve HD 14,0 mm ile DIR 4 tarafindan elde edildi. Bu yontem
icin, MRpre'de uterus kanali kontrol yapisi olarak kulland1 ve hesaplama sirasinda goriintii yogunluklari goz
ardi edildi. Benzer uterus pozisyonlarina sahip hastalarda goriilen kiiclik deformasyonlar i¢in DIR methodu
en iy sonuglar1 gosterirken, incelenen hasta grubunda aplikatoriin varligiyla siklikla ortaya ¢ikan daha biiyiik
anatomik deformasyonlarla ilgili zorluklar yasamaktadir.

240



2 O Ulusal Medikdl @T
8

Fizik Kongregg tﬁ

6-9 Kasim 2025

Pine Bay Holiday Resort, Kusadasi / AYDIN / % 3

Sekil 1. MRpre, CTplan ve MRplan goriintiilerinin deforme edilebilir kayit sonras1 gorseli

) | .
a) Primary image (MR;,.) b) Secondan image ((‘ § ¥ ,..) ¢) DIR image (MR, and CT,.)

(a) Yesil kontur uterus hacmi (aplikator yokken) ve kirmizi kontur GTVpre'yi gosterir. (b) Pembe kontur
CTplan'da (aplikator ile) uterusu, mavi alt uterus'u, sar1 uterus kanalin1 ve kirmizit GTVplan' ifade eder. (c)
DIR sonrasinda, GTVdeformed (mavi) ve GTVplan (kirmizi) arasindaki karsilagtirma.

Tablo 1.
Metot ads DIR kontrol DIR géri.int‘l'i' DICE . H'flusdorff
yapisi isleme bilgisi |Coefficient Distance (mm)
DIR 1 - Discard 0.294547 15.470100
DIR 2 alt uterus Discard 0.304029 15.005763
DIR 3 alt uterus Mutual 0.299436 15.348359
DIR 4 uterus kanali  |Discard 0.335642 14.029671
DIR 5 uterus kanali  |[Mutual 0.313192 15.005831

Farkli DIR metotlar1 i¢in Hausdorff distance ve DICE coefficient degerleri

Anahtar Kelimeler: deforme edilebilir goriintii kaydi, GRABT, Serviks brakiterapisi
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Abstract No: 8287
Publish No: SB023
Abstract Group: Radiotherapy / Brachytherapy in Radiotherapy

Investigation Of Deformable Image Registration Methods From MRpre to CTplan Images in
Cervical Cancer Brachytherapy

Aycan Sengiil', Stefan Ecker?, Junfang Yan®, Maximilian Paul Schmid?, Nicole Eder-Nesvacil?, Johannes
Knoth?, Alina Sturdza?, Christian Kirisits?

"Wocational School of Health Services, Medical Imaging Program, Akdeniz University,Antalya, Turkey.
2Department of Radiation Oncology, Comprehensive Cancer Center, Medical University of Vienna, Vienna,
Austria.

3Department of Radiation Oncology, Peking Union Medical College Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical College, Beijing, China

Abstract: Image-guided adaptive brachytherapy (IGABT) is a central treatment modality for locally advanced
cervical cancer. While CT is a widely used imaging modality, contouring uncertainties have been reported for
defining the high-risk clinical target volume (CTVHR). In contrast, MRI is more successful in defining
CTVHR with superior soft tissue contrast. However, the unavailability of MRI in most radiotherapy clinics
(due to logistical and financial constraints) presents a significant challenge to the widespread implementation
of MRI-based IGABT worldwide.This work aims to evaluate the feasibility and accuracy of Deformable
Image Registration (DIR) to propagate the gross tumor volume (GTV) between diagnostic MR images
(MRpre) and CT images with the applicator in situ (CTplan).A retrospective study was performed using the
MRplan , MRpre, and CTplan image datasets of 13 patients with cervical carcinoma. The GTVpre and
GTVplan were manually contoured (Figure 1). The MRpre with the GTVpre was deformably registered using
5 different DIR methods with different control structures, and available imaging information (Table 1). To
assess the contour quality of the GTVdeformed, the GTVplan (ground-truth) was transferred to the CTplan
via rigid image-registration, using 3 applicator landmarks.All image registrations were performed using the
ANACONDA algorithm of RayStation v2024B DTK (RaySearch Laboratories, Sweden). For all patients,
DICE score and Hausdorff distance for GTVplan and GTVdeformed were analyzed using the Hero Imaging
software (Hero Imaging AB, Sweden).The effectiveness of registration performance was limited in the
presence of anatomical distortions caused by brachytherapy applicators, bladder/rectum filling differences,
and differences in leg/pelvic position. The best performance was achieved by DIR 4 with DICE 0.34 and HD
14.0 mm. While the DIR method shows the best results for small deformations seen in patients with similar
uterine positions, it has difficulties with larger anatomical deformations that often occur with the presence of
the applicator in the studied patient group.
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Figure 1. Visualization of MRpre, CTplan, and MRplan images after registration and deformable image
registration

) I : e
a) Primary image (MR;,.) b) Second:n image (CT,, ,..) c) DIR image (MR,,, and CT )

(a) The green contour represents the uterus volume (excluding the applicator), and the red contour denotes
GTVpre. (b) The pink contour outlines the uterus on CTplan (with applicator), blue represents the lower
uterus, yellow marks the uterine canal, and red denotes GT Vplan. (¢) Comparison between GTVdeformed
(blue) and GTVplan (red).

Table 1.
Method name DIR control ~ [DIR Imaging DICE . H'flusdorff
structure Information  |Coefficient Distance (mm)
DIR 1 No structure [Discard 0.294547 15.470100
DIR 2 lower uterus  |Discard 0.304029 15.005763
DIR 3 lower uterus  |Mutual 0.299436 15.348359
DIR 4 uterine canal  |Discard 0.335642 14.029671
DIR 5 uterine canal  |[Mutual 0.313192 15.005831

Hausdorff distance and DICE coefficient of different DIR methods

Keywords: Cervix brachytherapy, deformable image registration, IGABT
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Bildiri No: 7562
Yayin No: SB024
Bildiri Grubu: Radyoterapi / Radyoterapide Yapay Zeka

“Akcigere Yonelik Stereotaktik Beden Radyoterapisi (SBRT) I¢in Bilgi Tabanli Planlama
Kapsaminda Klinik Bir Modelin Degerlendirilmesi”

Seyda Kinay', Dogukan Akgay®, Cenk Umay’, Mehmet Cagri Duymaz’, Barbaros Aydin®, Ece Atag Kutlu®,
Dilara Oztiirk®, Kadir Akgiingdr®, Ayse Demiral!

'DEU Tip Fakiiltesi Radyasyon Onkolojisi Anabilim Dali, DEU Saglik Bilimleri Enstitiisii Medikal Fizik
Anabilim Dali

’DEU Fen Fakiiltesi Fizik Boliimii, DEU Saglik Bilimleri Enstitiisii Medikal Fizik Anabilim Dal1

3DEU Tip Fakiiltesi Radyasyon Onkolojisi Anabilim Dali

Ozet: Amag: Klinigimizde VMAT teknigiyle akcigere SBRT uygulanan hastalarin TPS verilerinden geriye
doniik olarak yararlanilarak bir Bilgi Tabanli Planlama (“Knowledge Based Planning”-KBP) yazilim1 olan
RapidPlanTM kullanima ile klinik bir model gelistirilip etkinligi degerlendirildi.Gere¢ ve Yontem: Akcigere
VMAT teknigi ile 5/8 fraksiyonda, 50/60 Gy toplam doz verilerek SBRT uygulanan <5cm tiimor boyutu olan
40 hastanin planlama bilgileri kullanilarak, genel bir RapidPlanTM modeli olusturuldu. Daha sonra bu egitim
modeline konulmamis 11 yeni hasta verisi kullanilarak modelin dogrulanmasi amaciyla deneyimli bir
planlayici tarafindan olusturulan klinik manuel planlar ile egitim modeli tarafindan tiretilen planlar SBRT plan
kalitesi ve tutarlilig1 a¢isindan karsilastirildi. Bu karsilastirmada PTV i¢in D95(%), D99(%) ,R50, D2cm(%),
Paddick Konformite indeksi (CIPaddick ), Paddick Gradyent indeksi (GIPaddick ), toplam MU; OAR’lar i¢in
maksimum nokta doz ve sinir tolerans voliimlerinin(cc) aldigi maksimum doz degerleri dikkate alindi.
Istatistiksel degerlendirme icin elde edilen tiim veriler “SPSS Version 27” programu ile analiz edildi. Ikili
karsilagtirmalar i¢cin Wilcoxon Signed-Rank testi kullanildi. Bulgular: Elde edilen KBP modeli kullanilarak
olusturulan SBRT planlart ile klinik planlar karsilastirildiginda; PTV i¢in D95(%), D99(%), R50 ve CIPaddick
benzer bulunmus ancak D2cm(%) ve GIPaddick daha yiiksek saptanmistir (p<0.05) . Ayrica toplam MU klinik
planlarda daha ytiksektir (p<0.05). OAR’ lar yoniinden yapilan karsilastirmada ise 6sofagus D5cc, distal
trakea D0.03cc ve D5cc, proksimal trakea D5cc, gogiis duvart D5ce, kosta D0.03cc ve D5cc dozlarit KBP
modelinde daha yiiksek olarak saptanmistir (p<<0.05). Ancak bunun disinda tiim OAR’lar agisindan klinik
planlara benzer sonuclar elde edilmistir.Sonug: TPS’ inde bulunan KBP yazilimi kullanilarak gelistirilen
klinik bir model, plan kalitesinden (PTV ve OAR’ larda dozimetrik avantaj) ve plan kalitesi tutarliligindan
0diin vermeden ayni zamanda klinik is akisini ve yiikiinii de kolaylastiracak sekilde avantajli bir segenek
olabilir. Calismamizdaki KBP modelinin plan kalitesini tiim yonlerden klinik planlarin kalitesine
ulagtirabilmek i¢in model egitimi i¢in kullanilan hasta sayisinin arttirilmasi ve model egitim parametrelerinin
gelistirilmesi planlanmaktadir.

Anahtar Kelimeler: Bilgi Tabanli Planlama (“Knowledge Based Planning”-KBP), Stereotaktik Beden
Radyoterapisi (“SBRT”), Plan kalitesi.
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Evaluation of a Clinical Model for Lung Stereotactic Body Radiotherapy within Knowledge-
Based Treatment Planning

Seyda Kinay', Dogukan Akgay®, Cenk Umay’, Mehmet Cagri Duymaz’, Barbaros Aydin®, Ece Atag Kutlu®,
Dilara Oztiirk®, Kadir Akgiingdr®, Ayse Demiral!

'DEU Faculty of Medicine Department of Radiation Oncology, DEU Institute of Health Sciences
Department of Medical Physics

’DEU Faculty of Science Department of Physics, DEU Institute of Health Sciences Department of Medical
Physics

SDEU Faculty of Medicine Department of Radiation Oncology

Abstract: Objective: To develop and evaluate a clinical knowledge-based planning (KBP) model using
RapidPlan™ software based on retrospective data from lung SBRT patients treated with VMAT
technique.Materials and Methods: Planning data of 40 patients with tumor size <5 cm, who received SBRT
with VMAT in 5/8 fractions to a total dose of 50/60 Gy, were used to generate a RapidPlan™ model. For
validation, data of 11 new patients were used. Model-generated plans were compared with manual clinical
plans in terms of SBRT plan quality and consistency. For PTV, D95(%), D99(%), R50, D2cm (%), Paddick
Conformity index (CIPaddick), Paddick Gradient index (GIPaddick), total MU were evaluated whereas max
point dose and limited tolerance volumes (cc) receiving max dose values were considered for OARs for
comparison. SPSS Version 27 was used for statistical evaluation of all obtained data. Wilcoxon Signed-Rank
test was performed for the comparison of two related samples. Results: For PTV, D95(%), D99(%), R50, and
CIPaddick were comparable between KBP and manual plans, while D2cm (%) and GIPaddick were
significantly higher in KBP plans (p<0.05). Total MU was also significantly higher in manual plans (p<0.05).
For OARs, higher doses were observed in KBP plans for esophagus D5cc, distal trachea D0.03cc/D5cc,
proximal trachea D5cc, chest wall D5cc, and rib D0.03cc/D5cc (p<0.05), whereas all other OAR parameters
showed no significant differences.Conclusion: The KBP model may offer a feasible alternative to manual
planning, improving workflow efficiency without compromising overall plan quality. Further model training
with a larger dataset and optimization of training parameters are planned to achieve full clinical equivalence
in our KBP clinical model.

Keywords: Knowledge Based Planning, Stereotactic Body Radiotherapy, Plan Quality
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Bildiri Grubu: Radyoterapi / Radyoterapide Solunum Takip Sistemleri

Radixact Synchrony Markerless Tiimor Takip Sistemi ile Doz Uygulama Dogrulugunun
Dozimetrik Degerlendirmesi

Evren Ozan Géksel?, Zeynep Ozen!, Seckin Giindiiz', Halil Kiigiiciik', Artung Tiire’

'Acibadem Altunizade Hastanesi Radyasyon Onkolojisi B6limii
2Ac1badem MAA Universitest SHMYO Radyoterapi Programi
3[stanbul Onkoloji Hastanesi

Ozet: Amag:Stereotaktik viicut radyoterapisi, primer veya metastatik torasik malignitelerde yiiksek lokal kontrol
oranlar1 saglayabilmektedir. Ancak yliksek fraksiyon dozlari nedeniyle, solunuma bagli tiimor hareketi kaynakli
dozimetrik belirsizliklerin azaltilmas1 biiylik dnem tagimaktadir. Bu ¢alismada, Radixact sistemine entegre edilen
markerless gercek zamanl tiimor izleme sistemi Synchrony’nin doz uygulama dogrulugu, klinik hasta verileri
kullanilarak degerlendirilmistir.Gereg ve Y dntem:Synchrony sistemi ile tedavi edilen 20 hastaya ait timor hareketi,
tiimor hacmi ve tedavi plan1 parametreleri retrospektif olarak kullanildi. Her hasta i¢in, 4B-BT sirasinda kullanilan
LED isaretleyici verilerinden solunum frekansi ve genlik bilgileri elde edildi. GTV’nin 10 fazdaki kiitle merkezi
kaymalarindan timor hareketi belirlendi. Bu veriler CIRS dinamik hareket platformuna girilerek hastaya 6zgii
solunum paterni simiile edildi.Plan verifikasyonu ii¢ asamada gergeklestirildi:1.Statik kosullarda gamma analizi
(SGA) ile MLC modiilasyonuna bagl belirsizlikler degerlendirildi.2.CIRS platformuyla solunum simiilasyonu
esliginde, PTW 1500 dedektorii ile 3B gamma analizi (HGA) yapildi.3.Ayn1 kosullarda iyon odasi ile nokta doz
ol¢timii (HND) gergeklestirildi.Ayrica, doz uygulama dogrulugu ile tiimor 6zellikleri, solunum paterni ve planlama
parametreleri arasindaki iligki korelasyon analiziyle incelendi.Bulgular:Tablo 1’de, HND, HGA ve SGA degerleri
ile recete edilen doz, MF, pitch ve hedef hareket genlikleri arasindaki korelasyon ve istatistiksel anlamliliklar
sunulmustur.eStatik ve hareketli kosullarda beam-on siiresi ile gamma analiz sonuglar1 arasinda anlamli negatif
korelasyon gozlendi.»Hareketli kosullarda nokta doz 6l¢iim sonuglari ile planlanan dozlar arasinda yiiksek uyum
bulundu(<%1.9).+Ol¢iim sonuglar1 ile solunum frekans: ve genligi arasinda anlamli korelasyon saptanmadi.»Statik
ve hareketli gamma analiz sonuglar1 arasinda giiclii pozitif korelasyon bulundu.Sonug:Synchrony sistemiyle
uygulanan markerless tlimor takibi, statik 1sinlamalarla karsilastirilabilir diizeyde doz dogrulugu saglamaktadir.
Ayrica sistemin performansi, hastaya 6zgii solunum paterni ve planlama parametrelerinden bagimsiz olarak tutarl
kalmaktadir.

Hastaya 6zel solunum hareketi simiile edilerek yapilan dl¢timlerde kullanilan 6l¢tim diizenegi.
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Solunum hareketinin simiile edildigi kosullarda yapilan gamma analizi sonuglari ve nokta doz dlgiimleri ile
diger degiskenler arasindaki korelasyon katsayilari (r) ve anlamlilik diizeyleri (p

HGAuvs. HND vs. SGA
Other Correla‘Fion Significance Correla‘Fion Significance Correlattion Significance
Variables Coefficients |levels Coefficients |levels Coefficients |levels

(r) (p) (r) (p) (r) (p)
I,&ig, motion |, 5o 0.395 0.018 0.939 NA NA
Ezz’gz;"l\%n 0.133 0.575 -0.312 0.181 NA NA
Sup-inf
motion -0.306 0.189 0.160 0.501 NA NA
amplitude
nggﬁhﬁmon 20300 0.199 0.157 0.508 NA NA
PTV Volume [0.047 0.845 0.233 0.322 0.125 0.599
Dose -0.078 0.743 -0.054 0.822 -0.201 0.395
MF -0.446* 0.049 0.693** 0.001 -0.445* 0.049
Pitch 0.195 0.410 -0.149 0.532 0.241 0.306
Beam ontime |-0.623** 0.003 0.263 0.263 -0.600** 0.005
TTDF -0.216 0.359 0.133 0.576 -0.123 0.605
Gantry period -0.223 0.346 -0.079 0.740 -0.241 0.306
Max-LOT -0.210 0.375 -0.088 0.714 -0.230 0.330
Mean-LOT -0.075 0.752 -0.217 0.359 -0.156 0.512
HND -0.593%* 0.006 1 NA -0.501* 0.024
HGA 1 NA -0.593%* 0.006 0.936** 0.000
SGA 0.936** 0.000 -0.501* 0.024 1 NA

* Korelasyon 0.01 anlamlilik diizeyinde istatistiksel olarak anlamlidir.

** Korelasyon 0.05 anlamlilik diizeyinde istatistiksel olarak anlamlidir. TTDF: Tedavi siiresinin tedavi
dozuna oran1. HND: Hareketli nokta doz 6l¢iimii. HGA: Hareketli gamma analizi. SGA: Statik gamma
analizi. LOT: Leaf open time.

Anahtar Kelimeler: Radixact Synchrony, Akciger SBRT, Hareket Yonetimi, Markerless Tiimor Takibi
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Dosimetric Evaluation of Dose Delivery Accuracy of the Radixact Synchrony Markerless
Tumor Tracking System

Evren Ozan Géksel?, Zeynep Ozen!, Seckin Giindiiz', Halil Kiigiiciik', Artung Tiire’

'Acibadem Altunizade Hospital Department of Radiation Oncology
?Acibadem MAA University VSoHS Radiotherapy Program
3Istanbul Oncology Hospital

Abstract: Purpose:Stereotactic body radiotherapy (SBRT) can achieve high local control rates in patients with
primary or metastatic thoracic malignancies. However, due to the use of high fractional doses, minimizing
dosimetric uncertainties caused by respiratory-induced tumor motion is critically important. This study aimed to
evaluate the dose delivery accuracy of the Radixact system’s integrated markerless real-time tumor tracking
system, Synchrony, using clinical patient data.Materials and Methods:Data from 20 patients treated with the
Synchrony system, including tumor motion, tumor volume, and treatment plan parameters, were retrospectively
analyzed. For each patient, respiratory frequency and amplitude data were extracted from the LED markers used
during 4DCT acquisition. Tumor motion was quantified by calculating the center-of-mass shifts of the GTV across
10 respiratory phases. These parameters were input into the CIRS dynamic motion platform to simulate patient-
specific respiratory motion.Plan verification was conducted in three stages:Static Gamma Analysis (SGA): to
evaluate uncertainties due to MLC modulation under non-motion conditions.3D Gamma Analysis (MGA):
performed using the PTW 1500 detector under simulated motion with the CIRS platform.Point Dose Measurement
(PDM): conducted using an ion chamber under the same motion conditions.Additionally, the correlation between
dose delivery accuracy and tumor characteristics, respiratory pattern, and planning parameters was
analyzed.Results:Table 1 summarizes the correlations and statistical significance between PDM, MGA, and SGA
results and parameters such as prescribed dose, MF, pitch, and motion amplitudes in the superior-inferior and
lateral directions.A significant negative correlation was observed between beam-on time and gamma results under
both static and motion conditions.Under motion, PDM results showed strong agreement with planned doses
(<1.9%).No significant correlation was found between measurement results and respiratory frequency or
amplitude.A strong positive correlation was observed between static and motion gamma results.Conclusion:The
markerless tumor tracking system with Synchrony provides dose delivery accuracy comparable to static
irradiations. Moreover, its performance remains consistent regardless of patient-specific respiratory patterns or
planning parameters.

Measurement setup used during simulated patient-specific respiratory motion.
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Correlation coefficients (r) and significance levels (p)

HGAuvs. HND vs. SGA

Korelasyon  |Anlamlilik | Korelasyon  |Anlamlilik |Korelasyon — |Anlamlilik
Diger katsay1st diizeyi katsay1si diizeyi katsay1st diizeyi
degiskenler

() (p) () (p) (r) (p)
LED — hareket| 54y 0.395 0.018 0.939 NA NA
genligi
Nefes sikligi 0.133 0.575 -0.312 0.181 NA NA
Sup-inf hareket 4 3¢ 0.189 0.160 0.501 NA NA
genligi
Lateral “hareket| ; 5, 0.199 0.157 0.508 NA NA
genligi
PTV hacmi 0.047 0.845 0.233 0.322 0.125 0.599
Doz -0.078 0.743 -0.054 0.822 -0.201 0.395
Modulasyon ' ¢ 446+ 0.049 0.693%* 0.001 -0.445% 0.049
faktorii
Pitch 0.195 0.410 -0.149 0.532 0.241 0.306
Isinlama siiresi  |-0.623** 0.003 0.263 0.263 -0.600** 0.005
TTDF -0.216 0.359 0.133 0.576 -0.123 0.605
Gantry -0.223 0.346 -0.079 0.740 -0.241 0.306
Periyodu
Max-LOT -0.210 0.375 -0.088 0.714 -0.230 0.330
Mean-LOT -0.075 0.752 -0.217 0.359 -0.156 0.512
HND -0.593** 0.006 1 NA -0.501* 0.024
HGA 1 NA -0.593** 0.006 0.936%* 0.000
SGA 0.936** 0.000 -0.501* 0.024 1 NA

* Correlation is significant at the 0.01 level.

** Correlation is significant at the 0.05 level. TTDF: Treatment time to fraction dose. HND: Point dose
measurement with motion. HGA: Gamma analysis with motion. SGA: Gamma analysis without motion.
LOT: Leaf open time.

Keywords: Radixact Synchrony, Lung SBRT, Motion Management, Markerless Target Tracking
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Davetli Konusma
Ozetleri
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6 Kasim 2025, Persembe OTURUM 1 ANA SALON

Niikleer Tip Cihazlarinda Kalite Kontroliin Tan1 ve Radyoniiklit Tedavilere Etkisi

Bilal Kovan'
'Tstanbul Universitesi, istanbul T1p Fakiiltesi, Niikleer T1p Anabilim Dali

Ozet

Bu oturumda niikleer tipta kullanilan temel cihazlarin, doz kalibratorii, gama prob, gama kamera ve PET/BT
sistemlerinin—Xkalite kontrol gereklilikleri incelenmis ve bu kontrollerin tanisal dogruluk ile radyoniiklid
tedavilerin giivenilirligi lizerindeki etkileri degerlendirilmistir. Cihazlara 6zgii dogruluk, hassasiyet, enerji
kalibrasyonu, uniformite ve uzaysal ¢oziiniirliik gibi performans parametrelerinin diizenli olarak test

edilmesinin, 6l¢limlerin tekrarlanabilirligi ve goriintii kalitesi agisindan kritik oldugu gosterilmistir.

Kalite kontrol siireglerinin klinik sonuclara etkisi degerlendirildiginde, dogru kalibrasyonun PET/BT’de SUV
Olctimleri, SPECT’te kantitatif analiz, gama probda intraoperatif tespit basaris1i ve Ozellikle
radyoembolizasyon, PRRT ve diger dozimetri temelli tedavilerde aktivite-doz hesaplamalarinin dogrulugu
iizerinde belirleyici oldugu ortaya konmustur. Bulgular, diizenli ve standartlara uygun kalite kontrol
uygulamalarinin hem tani dogrulugunu artirdigini hem de radyoniiklid tedavilerin klinik etkinligi ve hasta

giivenligi icin vazgecilmez oldugunu gostermektedir.
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The Impact of Quality Control in Nuclear Medicine Devices on Diagnostic Accuracy and
Radionuclide Therapies

Bilal Kovan'
Tstanbul University, Faculty of Istanbul Medical, Department of Nuclear Medicine

Abstract

This session evaluated the quality control procedures of essential nuclear medicine devices—including dose
calibrators, gamma probes, gamma cameras, and PET/CT systems—and examined their impact on diagnostic
accuracy and the safety of radionuclide therapies. Performance parameters specific to each device, such as
accuracy, precision, energy calibration, uniformity, and spatial resolution, were reviewed. The findings
highlight that regular quality control testing is critical for ensuring measurement reliability and maintaining

high-quality imaging in routine clinical practice.

The clinical implications of quality control were further assessed, demonstrating its direct influence on SUV
accuracy in PET/CT, quantitative performance in SPECT imaging, intraoperative detection efficiency with
gamma probes, and—most importantly—the accuracy of activity and dosimetry calculations in radionuclide
therapies such as radioembolization, PRRT, and RLT. Overall, the results emphasize that standardized and
consistently implemented quality control procedures are essential not only for diagnostic precision but also

for the effectiveness and safety of therapeutic nuclear medicine applications.
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6 Kasim 2025, Persembe OTURUM 2 ANA SALON
TRS 398 Protokoliinde Degisiklikler

Elif Onal'
' Saglik Bilimleri Universitesi, Giilhane Egitim ve Arastirma Hastanesi, Radyasyon Onkolojisi

OZET

Uluslararas1 Atom Enerjisi Ajansi’nin (IAEA) yayimladigi TR-398 Revizyon 1 modern radyoterapi cihazlarinda
referans dozun belirlenmesine yonelik 6nemli bir glincellemeyi temsil etmektedir. Giincel stirtim, 2000 yilindaki
ilk protokolden bu yana gelinen teknolojiye 6zellikle FFF (Flattening Filter Free) foton demetleri, yeni iyon odasi
tasarimlar1 ve Monte Carlo tabanli hesaplamalara uyum saglamak amaciyla hazirlanmistir. Revizyon 1’in ana
degisikligini kq diizeltme faktorlerinin tamamen Monte Carlo yontemleriyle yeniden hesaplanmasidir. Bu sayede
iyon odalarinin geometri ve malzeme 6zellikleri daha dogru modellenmis, demet kalitesine bagli belirsizlikler
azaltilmistir. Ayrica yiliksek doz hizli FFF demetlerine 6zgii rekombinasyon diizeltmeleri, hacim ortalamasi etkileri
ve 2016 ICRU-90 fizik verileri protokole entegre edilmistir. Belirsizlik analizi de giincellenmis olup, tipik bir 6MV
foton demeti igin toplam genisletilmis belirsizlik%1,4 diizeyini diisiiriilmiistiir. Boylece referans dozimetri
Olgiimleri, cihazlar ve merkezler arasi daha tutarli hale gelmistir.

Sonug olarak TRS-398 Revizyon 1, modern radyoterapi uygulamalarinda doz dogrulugunu artiran, belirsizlikleri
diisiiren ve yeni teknolojilerle uyumlu standart bir gerceve sunarak klinik pratikte giivenilirligi 6nemli olgiide
gliclendirmektedir.

Anahtar Kelimeler: TRS398, dozimetri, foton, elektron, FFF
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Amendments to Protocol TRS 398

Elif Onal
'University of Health Sciences, Giilhane Training and Research Hospital, Radiation Oncology

ABSTRACT

The International Atomic Energy Agency’s (IAEA) TRS-398 Revision 1 represents a significant update for
determining reference dose in modern radiotherapy systems. The updated version was developed to align the
protocol with the technological advances that have emerged since the original 2000 document, particularly
the introduction of flattening-filter-free (FFF) photon beams, new ionization chamber designs, and Monte
Carlo—based dose calculation methods. The primary change in Revision 1 is the complete recalculation of kq
correction factors using Monte Carlo techniques. This approach allows for more accurate modeling of
ionization chamber geometry and materials, thereby reducing beam-quality—dependent uncertainties. In
addition, corrections specific to high-dose-rate FFF beams—such as recombination effects and volume-
averaging effects—have been incorporated, along with updated physical data consistent with the 2016 ICRU-
90 report. The uncertainty analysis has also been revised, lowering the typical expanded uncertainty for a 6
MYV photon beam to approximately 1.4%. As a result, reference dosimetry measurements have become more
consistent across machines and clinical centers.

In conclusion, TRS-398 Revision 1 provides a standardized framework that enhances dose accuracy, reduces
uncertainties, and ensures compatibility with modern radiotherapy technologies, thereby strengthening
reliability in clinical practice.

Keywords: TRS-398, dosimetry, photon, electron, FFF
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Kii¢iik Alan Dozimetrisi ve Yeni Cikan Dedektorler ve Diizeltme Faktorleri

Esil KARA!
"Losante Cocuk ve Yetiskin Hastanesi, Radyasyon Onkolojisi Boliimii

Ozet

Kiiciik alan dozimetrisi, klinik radyoterapide hala en zorlu konulardan biri olmaya devam etmektedir. Bir
alanin kiicliik alan olarak tanimlanabilmesi ig¢in ii¢ temel kosul bulunur; bunlarin ikisi demet fiziksel
ozelliklerine, biri ise kullanilan dedektoriin aktif hacmine baglidir. Yanal yiikli parcacik dengesinin
saglanmadig1, kaynagin bir boliimiiniin kolimator tarafindan ortiildiigii ve 6l¢iimde kullanilan dedektoriin alan
boyutuna uygun olmadigi durumlarda kii¢lik alan davranisi ortaya ¢ikar. Dedektdr boyutunun alanla uyumsuz
olmasi, 6zellikle iyon odalarinda belirgin sekilde gériilen hacimsel ortalama alma etkisine neden olur. Ornegin
1x1 cm?’lik bir alan Semiflex gibi biiyiik hacimli bir iyon odasiyla 6l¢iildiigiinde, dedektor boyunca radyasyon
akis1 homojen olmadigindan merkezdeki doz gercekte oldugundan diisiik, penumbra bolgesinde ise yliksek
ol¢iiliir. Bu egri CAX’e normalize edildiginde merkez dogru goriinse bile penumbra ve alan dis1 bolgelerde
yapay doz artis1 ortaya ¢ikar. PDD odl¢limlerinde de benzer bir durum séz konusudur; yiizeye yakin bolgelerde
dedektor alan boyutuna gore biiylik kaldigindan ortalama alma etkisi fazladir, ancak derinlere inildikge
diverjans nedeniyle alan genisler ve dedektor daha dogru dl¢lim yapabilir hale gelir. Buna ragmen PDD’nin
Dmax’a normalize edilmesi, derin bolgelerde yapay olarak yiiksek dozlara yol agar. Tiim bu nedenlerle
dedektor secimi kiigiik alan dozimetrisinin en kritik ve en dikkat gerektiren asamasidir. Kat1 hal dedektorler
kiigtik aktif hacimleri sayesinde yiiksek ¢oziintirliiklii rolatif dozimetri i¢in uygun olsa da, yap1 malzemeleri
suya esdeger olmadigindan yiiksek kQ diizeltme faktorleri gerektirebilir. Iyon odalari su esdegerligi agisindan
avantajlidir ancak hacim ortalamasi etkisi 6zellikle milimetrik alanlarda belirgin hata iiretir; kiigiik hacimli
iyon odalar1 bu etkiyi azaltabilse de tamamen ortadan kaldiramaz. Film ve plastik sintilatorler pertiirbasyon
gerektirmemesi ve yliksek ¢oziiniirliik saglamasi agisindan avantajlidir; ancak klinik kullanim tecriibesi ve ek
kalibrasyon gereksinimleri nedeniyle kullanimlari daha zahmetlidir. Sonug olarak kiiclik alan dozimetrisi
gilinlimiizde hala titizlik gerektiren bir alandir ve en dogru ¢iktiya ulasmak i¢in birden fazla dedektorle 6l¢tim
alinmas1 onerilmektedir. Her dedektdriin duyarliligi, geometrisi ve malzemesi farkli oldugundan, biri kQ
diizeltmesi 1’in {lizerinde, digeri ise 1’in altinda olan en az iki dedektorle 6l¢liim yapilmasi dogrulugu 6nemli
Olcilide artiracaktir.

Anahtar Kelimeler: Kiiciik alan dozimetrisi, iyon odast, kat1 hal dedektorleri
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Transmission (Gegis) Dozimetri

Oguzhan Ayrancioglu'
"zmir Tinaztepe Universitesi Galen Hastanesi, Radyasyon Onkolojisi

OZET

Bu konugma, radyoterapide tedavi dogrulama siireglerinin temel bilesenlerinden biri haline gelen
transmission (ge¢is) dozimetrisi kavraminin tarihsel gelisimini, teknik prensiplerini ve giiniimiizde kullanilan
farkl1 6l¢iim yaklasimlarini kapsamli bir ¢ergevede ele almaktadir. 11k olarak iyon odas1 ve film temelli ¢ikis
dozu 6l¢iimleri ile baglayan ve Elektronik Portal Goriintiileme (EPID) sistemlerinin ortaya ¢ikisiyla genisleyen
bu alan, modern radyoterapide hem plan — hasta uyumunun degerlendirilmesi hem de in-vivo doz izlemenin
giiclendirilmesi i¢in kritik bir rol iistlenmektedir.

Sunumda, ge¢is dozimetrisinin altinda yatan fiziksel prensipler, EPID tabanli 6l¢iimlerde kullanilan
temel diizeltme faktorleri, farkli dedektor tiirlerinin (iyon odalari, film, a-Si EPID, ardisik dizi dedektorleri)
performans 6zellikleri ve bu yontemlerin birbirlerine gore avantajlari ile sinirliliklart incelenecektir. Forward
ve back-projection yaklagimlarinin ¢alisma mantiklari, 2B ve 3B doz rekonstriiksiyonu arasindaki farklar ve
klinik uygulamada hangi yaklasimin hangi amaglara hizmet ettigi 6rneklerle agiklanacaktir. Ayrica, gecis
dozimetrisinin in-vivo dozimetrideki yeri tartigilacak; hata tespiti, adaptif tedaviye katki ve hastaya uygulanan
kiimiilatif dozun kayit altina alinmasi gibi temel amaglar baglaminda sistemlerin sundugu izleme ve
dogrulama kapasitesi degerlendirilecektir. Transmission dedektorlerin gercek zamanli dl¢ciim yetenekleri,
klinik is akislarina entegrasyonlart ve bu sistemlerin hem pratik hem de fiziksel smirliliklart da gozden
gecirilecektir.

Bu konugmanin amaci, gecis dozimetrisinin ge¢misten giinlimiize uzanan gelisimini biitiinsel bir
bakisla sunmak, bugiin kullanilan yontemlerin teorik temellerini ve klinik baglamdaki 6nemini agiklamak ve
modern radyoterapi kalitesinin artirilmasinda bu tekniklerin neden vazgecilmez hale geldigini ortaya
koymaktir.

Anahtar Kelimeler: Tranmission Dozimetri, In-Vivo Dozimetri, Kalite Kontrol
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Radyoniiklid Tedavi Uygulamalarinda Radyasyon Giivenligi

Bagnu Uysal'
'Dokuz Eyliil Universitesi Tip Fakiiltesi Niikleer Tip Anabilim Dal1

Ozet

Radyoniiklid tedaviler, hedefe yonelik molekiiler tedavi yaklagimlarinin 6nemli bir bileseni olup sistemik veya
lokal radyoaktif ajanlarin kullanilmasiyla malign ve benign hastaliklarin tedavisinde yer bulmaktadir. Bu
tedavi modaliteleri, iyonlastiric1 radyasyonun hiicresel ve molekiiler diizeyde olusturdugu biyolojik hasari
terapdtik bir ara¢ olarak kullanir. Radyoizotoplarin farkli fiziksel yar1 Omiirleri, radyasyon tipleri, doku
dagilim ozellikleri ve biyokinetik profilleri nedeniyle, tedavi siirecinin tiim asamalarinda yiiksek diizeyde
radyasyon giivenligi gereklidir.

Uluslararas1 komisyonlar (ICRP, IAEA, NCRP) radyasyon giivenliginin optimizasyonu, doz sinir degerleri ve
klinik uygulamalarda izlenmesi gereken prensipler konusunda kapsamli bir ¢er¢ceve sunar. Bu dogrultuda
radyontiklid tedaviler sirasinda ¢alisanlarin, hastalarin ve toplumun radyasyon maruziyetinin kontrol altina
alinmasi, hem etik hem de yasal bir zorunluluktur.

Asagidaki tedavi amagli radyontiklidler klinik uygulamalarda yaygin kullanima sahiptir ve giivenlik yonetimi
icin fiziksel-biyolojik 6zelliklerinin ayrintili degerlendirilmesi gerekmektedir.

Radyoizotop Yayici Tipi Enerji (MeV) Yart Omiir Kullanim Alani
I-131 B-vey 0.61 (B-) 8 giin Tiroid kanseri,
hipertiroidi
Lu-177 B- 0.49 6.7 glin Noroendokrin
tumor, prostat
kanseri
Y-90 Saf B- 2.28 64 saat Karaciger
tiimorleri
Ra-223 a 5.7 11.4 giin Kemik
metastazl
prostat kanseri
Ac-225 a 5.8 10 giin Prostat kanseri
(direncli
olgular)
Bi-213 o 5.9 45 dk Deneysel alfa
tedavileri
Tb-161 B- 0.59 6.9 giin Arastirma
asamasinda
Cu-67 B- 0.56 2.6 giin Lenfoma,
ndéroendokrin
tumor
P-32 Saf B- 1.71 14.3 giin Polisitemi vera,
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I-131: Tiroid kanseri ve hipertiroidi tedavisinde en yaygin kullanilan radyoniikliddir.
Lu-177-DOTATATE: Somatostatin reseptor pozitif néroendokrin tlimorlerin tedavisinde kullanilir.
Lu-177-PSMA: Metastatik prostat kanserinde PSMA reseptoriine baglanarak tedavi saglar.

Y-90 mikrokiire: Hepatoselliiler karsinom (HCC) ve karaciger metastazlarinda intraarteriyel uygulanir.
Ra-223: Kemik metastazlarinda alfa partikiil yayarak hedefli tedavi saglar.

P-32: Hematolojik ve eklem i¢i (sinovektomi) tedavilerde kullanilir.

Radyoniiklid tedavi uygulamalarinda hasta giivenligi, dogru dozun hedef organa verilmesi ve gereksiz
radyasyon maruziyetinin 6nlenmesiyle saglanir. Uygulama 6ncesi hastanin bobrek fonksiyonlari, hematolojik
durumu ve farmakokinetik ozellikleri degerlendirilmelidir. Tedavi sonrasi hasta, belirli bir siire izole
edilmelidir.
Tedavi sonrasi hastalarda radyasyon emisyonu biyokinetik faktorlere baglidir. Bu nedenle klinikten
ayrilmadan dnce hastanin yaydigi radyasyon seviyesi uygun cihazlarla 6l¢iilmelidir.
Evde Giivenlik Onlemleri:

— Idrar ve digkiyla atilim nedeniyle hijyen kurallarina uyulmalidir. Hamilelerle ve ¢ocuklarla yakin temas
belirli siire kisitlanmalidir.

— Kisisel esyalarin ayrilmasi kontaminasyon riskini azaltir.

Psikososyal Giivenlik:

— Hastalarin radyasyona yonelik kaygilar yiiksektir.

— Dogru bilgilendirme tedaviye uyumu artirir ve gereksiz radyofobiyi onler.

Tedavi sonrasi hasta, 6zellikle I-131 tedavilerinde belirli bir siire boyunca radyasyon yayabilir. Bu nedenle,
hasta yakinlarinin maruziyeti en aza indirmek i¢in temas siiresi azaltilmali, mesafe korunmali ve 6zellikle
hamileler ve ¢ocuklar uzak tutulmalidir.

Radyontiklid tedavi uygulamalarinda gorevli saglik calisanlarinin kisisel dozimetre kullanmalari, koruyucu
ekipman (kursun 6nliik, eldiven, enjektor kalkani) takmalar1 zorunludur. Uygulama alaninda radyasyon
monitdrleri bulunmali ve periyodik dl¢timler yapilmalidir.
ALARA'nin Klinik Uygulamas:

— Prosediir 6ncesi simiilasyon yapilarak temas siiresi azaltilir.

— Uzaklik optimizasyonu i¢in otomatik enjektor sistemleri kullanilabilir.

— Zirhlama materyalleri izotop 6zelliklerine gore secilir
Dozimetri:

— TLD, OSL ve elektronik dozimetre kombinasyonu onerilir.

— ICRP’ye gore yillik efektif doz limiti 20 mSv’dir.

— El ve lens dozlarinin izlenmesi 6zellikle Y-90 ile ¢alisan personelde kritiktir.
Acil Durum Protokolleri:

— Radyoaktif kontaminasyon yonetim prosediirleri belirlenmelidir.

— Radyasyon kazas1 durumunda uygulanacak yontemler belirlenmelidir.

Radyoaktif atiklar, yar1 dmiirlerine gore gecici depolama alanlarinda tutulmali ve aktivite azaldiktan sonra
ilgili mevzuata uygun sekilde bertaraf edilmelidir. Kanalizasyon sistemine kontrolsiiz atim kesinlikle
onlenmelidir. Idrar, tiikiiriik gibi viicut sivilariyla ¢evreye bulasma riski olan durumlarda 6zel 6nlemler
alimmalidir.
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Radyoniiklid tedavi sonrasinda ¢evre maruziyetinin kontrolii i¢in uluslararasi standartlarda belirlenen sinirlar
dikkate alinmalidir.
Atik Yonetimi:

— Yar1 omre bagh bekletme-yok etme yontemi uygulanir.

— Kapali sistem s1v1 atik tanklar1 bulundurulmalidir.

— Kati atiklar 10 yar1 dmiir bekletilmelidir.Doz hizlar 6l¢iilmelidir.Kayitlar tutulmalidir.

— Ozellikle 1-131 ve Lu-177’de idrarla atilan aktivite yiiksektir.

— Yiiksek seviyedeki sivi atiklar, atik bekletme sistemlerinde bekletildikten sonra izin verilen sinirlar
icerisinde kanalizasyona verilmelidir
Oda Dekontaminasyonu:

— GM sayag ve wipe testleri kullanilir.

— Esik iistii kontaminasyon saptanirsa uygun dekontaminasyon kimyasallar1 uygulanir.

Radyoniiklid tedaviler, molekiiler onkoloji ve hedefe yonelik tedavi yaklagimlarinin énemli bir bilesenidir.
Ancak bu tedavilerin giivenli uygulanabilmesi, ¢alisanlarin, hastalarin ve toplumun radyasyon maruziyetinin
bilimsel temelli protokoller dogrultusunda yonetilmesine baghdir. Uluslararasi standartlarin uygulanmasi,
egitimli personel, teknik altyapi ve siirekli doz izlemi, tedavilerin giivenilirligini ve etkinligini kontrol

etmektedir.

Kaynakca

1. IAEA Sfety Reports Series No.63 (2008). Radiation Protection and Safety in Nuclear Medicine.
2. ICRP Publication 140: Radiological Protection in Therapy with Radiopharmaceuticals (2018).
3. EANM Guidelines for Radionuclide Therapy of Neuroendocrine Tumors and Prostate Cancer.
4. Sgouros G. et al., Dosimetry and Radiobiology of Radionuclide Therapy, J Nucl Med, 2020.

5. IAEA Safety Reports Series No. 63 — Radiation Protection in Nuclear Medicine, Vienna, 2009.
6. ICRP Publication 103 (2007)

7. ICRP Publication 128
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Tanisal Niikleer Tip Uygulamalarinda Radyasyon Gilivenligi

Bilal Kovan!

'Tstanbul Universitesi, Istanbul T1p Fakiiltesi, Niikleer T1p Anabilim Dali

Ozet

Bu oturumda tanisal niikleer tip uygulamalarinda radyasyon giivenligi ilkeleri, hasta ve ¢alisan dozlarinin en
aza indirilmesi i¢in gereklilikler ve wuluslararasi standartlara uyumun klinik sonuglara etkisi
degerlendirilmistir. Gamma kamera, SPECT/BT ve PET/BT gibi goriintilleme sistemlerinde doz
optimizasyonu, radyofarmasétiklerin dogru hazirlanmasi ve uygulanmasi, enjeksiyon teknikleri, ¢gekim siiresi
ve cihaz parametrelerinin ayarlanmasi gibi siireclerin hasta dozunu dogrudan etkiledigi gosterilmistir. Ayrica
gebe ve pediatrik hastalarda radyasyon koruma protokollerinin titizlikle uygulanmasinin, tanisal dogrulugu

korurken gereksiz radyasyon maruziyetini belirgin dl¢lide azalttig1 vurgulanmustir.

Calisma, niikleer tip personelinin radyasyon giivenligi acisindan maruziyet analizlerini, kisisel dozimetre
takibi, calisma alan1 diizeni, kursun koruyucularin kullanimi, havalandirma ve kontaminasyon kontrolii gibi
pratik onlemlerle birlikte ele almistir. Bulgular, tanisal niikleer tip pratiginde ALARA prensibinin (As Low
As Reasonably Achievable) hem hasta giivenligi hem de c¢alisan saglig1 acisindan vazgecilmez oldugunu
ortaya koymustur. Sonug¢ olarak, etkin sekilde uygulanan radyasyon giivenligi protokollerinin hem tanisal

goriintii kalitesini iyilestirdigi hem de uzun donem maruziyet risklerini azalttig1 gosterilmistir.
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Radiation Safety in Diagnostic Nuclear Medicine Practices

Bilal Kovan!
Istanbul University, Faculty of Istanbul Medical, Department of Nuclear Medicine

Abstract

This session evaluates the principles of radiation safety in diagnostic nuclear medicine and examines how
adherence to international standards influences both patient protection and clinical outcomes. It highlights the
direct impact of dose optimization strategies on patient exposure, including proper radiopharmaceutical
preparation and administration, optimized acquisition parameters for gamma camera, SPECT/CT, and
PET/CT systems, as well as adjustments in injection technique and scan duration. The importance of applying
radiation protection protocols—particularly for pregnant and pediatric patients—is emphasized,
demonstrating how unnecessary exposure can be significantly reduced without compromising diagnostic

accuracy.

Radiation safety for nuclear medicine personnel was also examined through analysis of occupational exposure,
personal dosimeter monitoring, workplace design, use of shielding devices, ventilation, and contamination
control measures. The findings underscore the essential role of the ALARA principle (As Low As Reasonably
Achievable) in ensuring both patient and staff safety. Overall, the study concludes that strict and well-
implemented radiation protection protocols simultaneously enhance diagnostic image quality and minimize

short- and long-term radiation risks in routine nuclear medicine practice.
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Manyetik Rezonans Goriintiilemede Teknolojik Gelismeler ve Giincel Yaklagimlar

Sevim SAHIN'
Fenerbahge Universitesi, Miihendislik ve Mimarlik Fakiiltesi, Elektrik-Elektronik Miihendisligi Boliimii

Ozet

Manyetik rezonans goriintileme (MRG), non-invaziv yapist ve istiin yumusak doku kontrasti sayesinde
modern tibbin vazgecilmez goriintiileme yontemlerinden biridir. Son yillarda hem donanim hem de yazilim
alaninda yasanan hizli gelismeler, MRG’nin tanisal giiciinii ve klinik uygulama alanlarin1 6nemli Slgiide
genigletmistir. Bu yeniliklerin basinda ultra-yiliksek alan sistemleri gelmektedir. 7 T ve iizerindeki manyetik
alan giicline sahip cihazlar, sinyal-giiriiltii oranim1 (SNR) dramatik bi¢imde artirarak yiliksek ¢oziiniirliikli
yapisal goriintiileme, fonksiyonel MRG (fMRI), difiizyon tensor goriintiileme (DTG) ve manyetik rezonans
spektroskopi (MRS) gibi ileri tekniklerin daha etkin uygulanmasini miimkiin kilmaktadir. Bu sayede beyin
baglantisalliginin incelenmesi, metabolit analizi ve ndrolojik hastaliklarin erken tanisinda 6nemli avantajlar
elde edilmektedir. Ancak bu iistiinliikler, RF inhomojenitesi, SAR kisitlamalari, artefaktlar ve yiiksek maliyet
gibi teknik zorluklar1 da beraberinde getirmektedir.

Donanim tarafinda akilli coil tasarimlar1 ve SNR optimizasyonuna yonelik miihendislik ¢alismalar1 dikkat
cekmektedir. Esnek coil geometrileri, yiiksek kanal yogunlugu ve sensdr entegrasyonu sayesinde hasta
anatomisine daha iyi uyum saglayan bu sistemler, paralel goriintiileme performansini artirarak goriintiileme
verimliligini belirgin sekilde yiikseltmektedir. Ozellikle pediatrik hastalar ve karmasik anatomik bolgelerde
bu iyilestirmeler, goriintii kalitesine dogrudan yansimaktadir.

Yazilim alaninda ise yapay zeka destekli hizlandirma ve rekonstriiksiyon teknikleri 6ne ¢ikmaktadir. Derin
O0grenme tabanli algoritmalar, eksik Orneklenmis k-uzayir verilerinden yiiksek Kkaliteli goriintiiler
iiretebilmekte, tarama siirelerini kisaltmakta ve hareket artefaktlarini azaltmaktadir. RAKI ve CNN tabanli
rekonstriiksiyon yontemleri klinik pratikte giderek daha fazla kullanilmakta olup, aym1 zamanda kontrast
madde dozunun azaltilmasina da olanak saglamaktadir.

Buna paralel olarak, diisiik alan ve taginabilir MRG sistemleri yeniden onem kazanmistir. 0.5 T altindaki
cihazlar diisiik maliyet, tasinabilirlik ve hasta bag1 goriintiileme kapasitesi sayesinde 6zellikle kaynak kisith
bolgelerde hizli tani olanagi sunmaktadir. Ek olarak, radyomik analizler ve biiyiik veri yaklasimlari,
goriintiilerin sayisal Ozelliklerini ¢ikararak kisisellestirilmis tan1 ve tedavi planlamasinda yeni ufuklar
acmaktadir. Yapay zekd ile entegre edilen bu ydntemler, prognostik modelleme ve tedavi yanitinin
ongoriilmesinde giiglii araglar haline gelmistir.

MRG teknolojisindeki bu gelismeler, yalnizca tanisal dogrulugu artirmakla kalmayip kisisellestirilmis tip
uygulamalarinin da 6niinli agmaktadir. Ontimiizdeki donemde ultra-ytiksek alan sistemlerinin yapay zeka ile
entegrasyonu ve taginabilir ¢oziimlerin yayginlasmasi, MRG nin klinik etkinligini ve erisilebilirligini daha da
artiracaktir.

Anahtar Kelimeler: Ultra-yliksek alan MRG, Coil/SNR miihendisligi, Diisiik alan-taginabilir sistemler
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Bilgisayarli Tomografide Teknolojik Gelismeler ve Giincel Yaklasimlar

Ismail FINDIKLI!
'Ankara Yildirim Beyazit Universitesi Saglik Hizmetleri MYO Tibbi Hizmetler ve Teknikler Boliimii /
Tibbi Goriintilleme Teknikleri Programi

Ozet

Amac: Bu ¢alismanin amaci bilgisayarli tomografi (BT) sistemlerinin teknolojik gelisim siirecini literatiir
taramasi ile incelemek; Ozellikle goriintii olusturma algoritmalari, modern dedektdr yapisi ve Foton Sayici
BT’nin (Photon-Counting CT, PCCT) klinik potansiyelini sunmaktir.

Gliniimiizde kullanilan BT sistemleri, ligiincli nesil BT geometrisine sahip olup z-ekseni boyunca
(hastanin uzun ekseni) dedektdr dizisinin arttirilmasiyla gelistirilmis ¢ok dedektorlii BT yapisindadir.
Radyoterapi tedavi cihazlar1 ve dental goriintiileme sistemlerinde ise flat-panel dedektor yapisina sahip cone-
beam BT cihazlar1 yaygin olarak kullanilmaktadir.

BT goriintii rekonstriiksiyon algoritmalar1 kronolojik olarak Basit Geri Projeksiyon (BGP), Filtre Geri
Projeksiyon (FGP), Iteratif Rekonstriiksiyon (Iterative Reconstruction, IR) ve Derin Ogrenme Tabanli
Rekonstriiksiyon (Deep Learning Reconstruction, DLR) seklinde gelistirilmistir. IR tekniginde ilk olarak
olgiilen projeksiyon verilerinden bir ilk goriintii tahmini elde edilir. Ikinci asamada ileri projeksiyon uygulanir
ve yeni projeksiyon verisi olusturulur. Bu tahmini veri ile orijinal projeksiyon verileri karsilastirilir; Bu islem,
iki veri setleri arasindaki fark minimum olana kadar tekrarlanir. IR algoritmalarinin en 6nemli avantaji,
FGP’ye kiyasla uzaysal c¢oOziinlirligli ve kontrasti korurken giliriiltiiyli azaltabilmesidir. Ayrica metal
artefaktlari, 151n sertlesmesi ve sacilma artefaktlarinda belirgin azalma saglar. Bununla birlikte yiiksek
iterasyon seviyelerinde goriintiide yapay/plastik gorlinlimlii doku dokusu olusabilmesi en temel
dezavantajidir.

Derin 6grenme tabanli rekonstriiksiyon (DLR) yontemleri dolayli (indirect) ve dogrudan (direct)
olmak tizere iki ana gruba ayrilir. Dolayl yaklagimlar ise agin uygulandig1 asamaya gore sinogram tabanli,
goriintii tabanli veya hibrit olarak siiflandirilir. DLR modelleri, diisiik dozlu BT goriintiilerinin; gergek
referans (ground-truth) kabul edilen rutin dozlu (yaklasik olarak diisiik dozun iki ila dort kat1) veya yiliksek
dozlu (yaklasik dort ila sekiz kati) goriintiilerle eslestirilmesi ile egitilir. Artefakt iceren veriler diisiik artefaktl
goriintiilerle eslestirilerek egitildiginde, DLR nin artefakt azaltma basaris1 daha da artar.

Giincel BT sistemlerinde gadolinyum oksit ya da gadolinyum oksit siilfat (ultra hizli seramik) Indirek
Sintilasyon dedektor yapisina sahip solid state enerji entegre (Energy Integrating Detector, EID) detektorler
kullanilmaktadir. Sintilasyon dedektorleri hastadan gegip gelen X-1s1n1 fotonlarini 151k fotonlarina doniistiiriir.
Daha sonra bu 151k fotonlar1 fotodiyotlar ile elektrik sinyallerine doniistiiriiliir. Her projeksiyon i¢in olusan
elektronik sinyal genligi, sogurulan X-1s1n1 fotonlarinin toplam enerjisiyle orantilidir. X-151m1 fotonlarinin
enerji bilgisi kaydedilmez. Bu dedektorler bir testere ya da lazer ile tek tek bolinmiis ayrik dedektor
elemanlarindan olusur. EID-CT sistemlerinde dedektor elemanlari arasi opak madde ile doldurulmustur. Opak
madde kullanim1 hem uzaysal ¢6ziiniirliigii sinirlayan 6lii bolgeler olusturur hem de hasta dozunun artirict bir
etkisi vardir.
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BT teknolojisinde en giincel asama Spektral BT olarak da adlandirilan PCCT sistemleridir. PPCT
sistemlerinde x-151m1 fotonlarini dogrudan elektron delik ciftlerine (elektrik yiikii) doniistiirebilen kadmiyum
telliir (CdTe veya CZT) ya da Silikon (Si) tabanli yar1 iletkenler dedektorler kullanilmaktadir. Hastadan gecip
gelen x-151m1 fotonlari, yariiletken dedektér materyali igerisinde pozitif ve negatif yiiklerden olusan kiiclik bir
elektronik parcacik bulutu iiretir. X-151m1 fotonlar etkisi ile olusan pozitif yiikler, anot ve katot arasindaki
giiclii elektrik alanin etkisi anoda dogru ivmelenerek hareket etmesi sonucu ¢ok kisa (birka¢ nanosaniyelik
kisa) elektrik sinyali {iretir. Sinyal genligi, herbir X-15m1 foton enerjisiyle dogru orantilidir. Uretilen her
sinyalin "sayilmas1" ve her X-1s1n1 fotonunun enerji seviyesinin ayirt edilmesi ile spektral goriintiileme saglar.
PCCT'nin 6l¢tim ve sinyal hiz1 (10 ns) EID-CT'ye nazaran milyon kat daha hizlidir. PCCT sistemlerde Sadece
kolimator bigaklariyla sinirlandirilmis her bir “makro” dedektor pikseli, ayri ayr1 okunan daha kiiciik alt
piksellere boliinebilir. Bu da uzaysal ¢oziiniirligli artirmanin yani sira, radyasyon doz verimliligini ve
geometrik etkinligi onemli Olgiide yiikseltmistir. Gelen x-iginlarinin direk dedektdr materyali igerisinde
elektronik sinyale doniisliyor olmasi elektronik giiriiltiiyli de azalmaktadir. EICT ye kiyasla, li¢ kat daha
yliksek agisal ¢Oziinilirlik sunmakta ve optik sacilma nedeniyle olusan MTF bozulmasini ortadan
kaldirmaktadir. PCD’ler, belirli enerji esikleri uygulanarak enerji gruplamasi yapilabilmektedir. Uygulanan
ilk esik deger elektronik giiriiltiiniin hemen iizerinde tutularak diisiik enerjili giiriiltiiyli etkili bir sekilde
filtreleyebilir ve bu da genel giiriiltiide 6nemli bir azalma saglar.

Anahtar Kelimeler: BT Teknolojisi, Iteratif Rekonstriiksiyon (IR), Derin Ogrenme Rekonstriiksiyon, Foton
Sayic1 BT, Spektral BT.
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Technological Developments and Current Approaches in Computed Tomography

Ismail FINDIKLI'
! Ankara Yildirim Beyazit University, Vocational School of Health Services, Department of Medical
Services and Techniques / Medical Imaging Techniques Program

Abstract

Objective: The aim of this study is to examine the technological evolution of Computed Tomography (CT)
systems through a literature review, with a particular focus on image reconstruction algorithms, modern
detector technology, and the clinical potential of Photon-Counting CT (PCCT).

Contemporary CT systems are based on third-generation scanner geometry and utilize multi-detector
configurations enhanced by extending the detector array along the z-axis (the patient's longitudinal axis). In
addition, cone-beam CT systems equipped with flat-panel detectors are widely employed in radiotherapy
treatment units and dental imaging applications.

Image reconstruction algorithms in CT have evolved chronologically from Simple Back Projection
(SBP) to Filtered Back Projection (FBP), Iterative Reconstruction (IR), and more recently, Deep Learning-
based Reconstruction (DLR). In the IR approach, an initial image estimate is generated from measured
projection data. Subsequently, forward projection is applied to produce a new synthetic projection, which is
compared with the original data. This iterative correction process continues until the difference between the
two datasets reaches a minimum. Compared to FBP, IR offers superior noise suppression while preserving
spatial resolution and image contrast, and it effectively reduces metal, beam-hardening, and scatter artifacts.
However, at high iteration levels, it may yield an artificial or plastic-appearing image texture.

Deep Learning-based Reconstruction techniques are classified into two main categories: indirect and
direct. Indirect applications are further divided into sinogram-based, image-based, and hybrid models
depending on the stage at which the network is applied. DLR models are trained by pairing low-dose CT
images with routine-dose (approximately two to four times higher) or high-dose (four to eight times higher)
reference images. When artifact-affected data are trained together with minimally artifact-containing
references, the artifact-suppression capability of DLR improves substantially.

Most current CT scanners employ Energy-Integrating Detectors (EIDs), which are solid-state, indirect
scintillation-based detectors composed of gadolinium oxide or gadolinium oxysulfide (ultra-fast ceramic). The
scintillator converts incoming X-ray photons into visible light, which is subsequently transformed into
electrical signals by photodiodes. The resulting signal amplitude is proportional to the total absorbed X-ray
energy; however, individual photon energy information is not preserved. These detectors consist of segmented
elements separated by laser-cut or saw-cut boundaries. In EID-CT, inter-element regions contain opaque
material to reduce optical crosstalk, but this creates dead spaces that limit spatial resolution and may require
higher radiation dose.
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The latest stage in CT detector technology is PCCT, also referred to as Spectral CT. PCCT utilizes
semiconductor-based detectors composed of cadmium telluride (CdTe/CZT) or silicon (Si), which directly
convert X-ray photons into electron-hole pairs. Incoming photons generate a small charge cloud within the
detector material, and under a strong electric field, charges rapidly drift toward the pixelated anode, producing
a short (nanosecond-scale) electrical pulse. The pulse height is proportional to the energy of each individual
photon, allowing simultaneous photon counting and energy discrimination—thus enabling true spectral
imaging. The signal processing speed of PCCT (=10 ns) is several orders of magnitude faster than that of EID-
CT systems. Each macro-pixel can be subdivided into smaller, individually readable sub-pixels, which not
only increases spatial resolution but also significantly improves radiation dose efficiency and geometric
efficiency. Direct conversion also minimizes electronic noise and eliminates MTF degradation associated with
optical scattering. By applying multiple energy thresholds, photons can be sorted into energy bins; the lowest
threshold is typically set just above electronic noise, enabling efficient suppression of low-energy noise and
producing overall noise reduction.

Keywords: CT Technology, Iterative Reconstruction (IR), Deep Learning Reconstruction (DLR), Photon-
Counting CT (PCCT), Spectral CT.
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Dijital X-Isini Sistemlerinde Teknolojik Gelismeler: Mamografi, Radyografi ve
Floroskopide Giincel Yaklagimlar

Gizem Sisman'
1zmir Ekonomi Universitesi, Saglik Hizmetleri Meslek Yiiksekokulu, Tibbi Gériintiileme Teknikleri
Programi

Ozet

Dijital X-151n1 sistemlerine entegre edilen dedektor teknolojileri, son yillarda performans parametrelerini
dogrudan etkileyen yapisal ve elektronik iyilestirmelerle belirgin bir gelisim gostermektedir. Amorf silikon,
amorf selenyum, CMOS ve IGZO tabanli yeni dedektor yapilari; elektronik giiriiltii, uzaysal ¢oziiniirliik ve
diisiikk doz performansi agisindan degerlendirildiginde, giincel goriintiileme uygulamalarini etkileyen temel
yenilikler arasinda yer almaktadir. Bu gelismeler, farkli klinik gereksinimlere yanit vermekte, daha diisiik doz
ve daha yiiksek kaliteli goriintiilerin elde edilmesine olanak tanimaktadir.

Mamografi alaninda dijital meme tomosentezi, kontrastli spektral mamografi ve gelismis goriintii analiz
yontemleri, lezyon saptama ve klinik karar verme agamalaria katki saglayan en 6nemli uygulamalar olarak
one ¢ikmaktadir. AAPM—-EFOMP is birligiyle hazirlanan TG-282 raporu, meme anatomisini daha gercekci
bicimde temsil eden modeliyle yeni bir meme dozimetrisi yaklasimi sunmakta ve mevcut yontemlerdeki
giincelleme gereksinimine yanit vermektedir.

Dijital radyografide zaman ¢oziinilirliigii saglayan dinamik goriintiileme teknikleri dikkat c¢ekmektedir.
Dinamik Dijital Radyografi (DDR), solunum ve diyafram hareketlerinin degerlendirilmesine olanak
saglamakta ve literatiirdeki ¢alismalar, bu hareket analizlerinin ¢esitli solunum ve pulmoner fonksiyon
testleriyle iliskilendirilebildigini gostermektedir.

Floroskopi sistemleri i¢in gercek zamanli doz izleme yazilimlar1 gelistirilmektedir. Bu yazilimlar, hastanin
cilt giris dozunun anlik olarak izlenmesine olanak tanimakta, islem sirasinda doz farkindaligini artirmakta ve

yiiksek doz maruziyetine yonelik risklerin yonetilmesine katk1 saglamaktadir.

Dijital X-151mm1 goriintiileme alanindaki tiim bu giincel gelismeler, klinik uygulamalarda hem goriintii
kalitesinin hem de doz yonetiminin optimize edilebilmesine yonelik yeni olanaklar ortaya koymaktadir.

Anahtar Kelimeler: Mamografi, Radyografi, Floroskopi
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Technological Advances in Digital X-Ray Systems: Current Approaches in Mammography,
Radiography, and Fluoroscopy

Gizem §i§man1

Tzmir University of Economics, Vocational School of Health Services, Medical Imaging Techniques

Abstract

Detector technologies integrated into digital X-ray systems have shown marked advancements in recent years,
driven by structural and electronic improvements that directly influence performance parameters. Amorphous
silicon, amorphous selenium, CMOS, and IGZO-based detector designs have become prominent innovations,
offering advantages in electronic noise characteristics, spatial resolution, and low-dose imaging performance.
These developments address diverse clinical needs and enable the acquisition of higher-quality images at
reduced radiation doses.

In mammography, digital breast tomosynthesis, contrast-enhanced spectral mammography, and advanced
image analysis methods have emerged as key tools that support lesion detection and clinical decision-making.
The TG-282 report, prepared through the AAPM—-EFOMP collaboration, introduces a revised dosimetry
approach that models breast anatomy more realistically and responds to the need for updated dose calculation
methods.

Within digital radiography, dynamic imaging techniques that provide temporal resolution have gained
increasing attention. Dynamic Digital Radiography (DDR) allows assessment of respiratory and
diaphragmatic motion, and studies in the literature indicate that these motion analyses can be correlated with
various pulmonary and respiratory function tests.

For fluoroscopy systems, real-time dose-monitoring software solutions have been developed. These
applications enable continuous tracking of the patient’s entrance skin dose, increase dose awareness during

procedures, and contribute to the management of high-dose exposure risks.

In summary, these recent advances in digital X-ray imaging offer new opportunities for optimizing both image
quality and dose management across clinical practice.

Keywords: Mammography, Radiography, Fluoroscopy
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Preklinik Calismalarda Medikal Fizik Uzmaninin Rolii:
Deneysel Tasarimdan Dozimetriye Translasyonel Bir Yaklagim

Nilsu CIN{! )
'Saglik Bilimleri Universitesi, Kartal Dr Liitfi Kirdar Sehir Hastanesi, Radyasyon Onkolojisi Boliimii

Ozet

Amag: In-vitro veya in-vivo farkli sekillerde tasarlanabilecek preklinik ¢alismalar takiben planlanan klinik
caligmalara kurulan hipotez veya incelenen uygulama hakkinda ayrintili bilgi saglar. Klinik translasyonu
yliksek caligsmalarin tasarimi deney basamaklarinin gercek stiregler ile yliksek kesinlikte uyumlanmasi ve
multidisipliner yaklagimlar ile miimkiin olacaktir. Uluslararasi diizeyde meslektaslarin preklinik ve klinik
caligmalarda aldig1 rolleri ve katilimlar1 degerlendiren ¢alismalar medikal fizik uzmanlarin1 gelisen teknoloji
ve sofistike rollerde yeni ufuklara davet etmektir. Bu gelisim, farkli ve spesifik alanlarda medikal fizik¢inin
bakis acisin1 ve hakimiyetini gelistirmesi ile miimkiin olacaktir.

Gere¢ ve Yontem: Deney tasariminda, simiilasyondan dozimetriye, goriintilemeden immobilizasyona
gerceklestirilen tiim siireglerin entegrasyonunu ve degerlendirme becerisini saglayacak deneyim ve egitimler
medikal fizik¢iler tarafindan kazanilmasi oOnerilir. Medikal Fizik¢inin, radyasyon uygulamalarina o6zel
becerilere ek olarak, deney hayvanlar1 kullanim sertifikasi, in-vitro ve in-vivo deney tasarimina ve
uygulamasina iliskin siirecleri tanimasi, farkli yazilim ve simiilasyon teknikleri, istatistik veya biyoistatistik
gibi deneyi spesifik degerlendirme 6gretilerine hakim olmasinin deney tasarimina etkisi birgok preklinik ve
klinik ¢alismada gozlemistir.

Bulgular: Bu bilgiler 1s18inda tasarlanacak ¢alismalar canli / cansiz materyal, insan gilicii ve kaynaklar1 en
yiiksek verimde kullanarak, yerel etik kurul / hayvan deneyleri yerel etik kurul sartlarina ve klinik sartlara
optimum uygunlukta, iistiin giivenlik ve kalite standartlarinda, yiiksek dogrulukta deney verisi saglar.

Sonug: ileri teknoloji radyoterapi ve hassas onkoloji ¢aginda multidisipliner yaklasimlar bir gerekliliktir.
Tasarlanan deneylerin 6zellikle teknik ve dozimetrik uyumlanma siirecinde medikal fizik uzmani1 yetkinligi
ve katkilar1 modern preklinik ve klinik ¢alisma yaklagiminda uluslararasi standartlarda ve literatiire katki

saglayan arastirmalar ¢ikaracaktir.

Anahtar Kelimeler: Preklinik ¢alismalar, klinik ¢alismalar, medikal fizik uzmanin roli, klinik translasyon
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The Role of the Medical Physicist in Preclinical Studies: A Translational Approach from
Experimental Design to Dosimetry

Nilsu CINT!
"Health Sciences University, Kartal Dr. Liitfi Kirdar City Hospital, Department of Radiation Oncology

Abstract

Objective: Preclinical studies, which can be designed in two different ways, in vitro or in vivo, provide
detailed information about the hypothesis established or the application tested in the planned clinical studies.
The design of studies with high clinical translation will be possible with high precision alignment of
experimental steps with real processes and multidisciplinary approaches. Studies that evaluate the roles and
participation of colleagues in preclinical and clinical studies at the international level invite medical physics
experts to new horizons in developing technology and sophisticated roles. This development will be possible
by improving the medical physicist's perspective and mastery in different and specific areas.

Materials and Methods: It is recommended that medical physicists gain experience and training that will
enable the integration and evaluation of all processes in experimental design, from simulation to dosimetry,
from imaging to immobilization. In addition to radiation-specific skills, the impact of a Medical Physicist's
certification in the use of experimental animals, familiarity with in vitro and in vivo experimental design and
implementation processes, and knowledge of different software and simulation techniques, as well as specific
evaluation techniques such as statistics or biostatistics, on experimental design has been observed in many
preclinical and clinical studies.

Results: Studies designed considering these information will provide high accuracy experimental data with
superior safety and quality standards, in optimum compliance with local ethics committee or animal
experiments local ethics committee requirements and clinical conditions, while using living / non-living
materials, manpower, and resources with the highest efficiency.

Conclusion: In the era of high-tech radiotherapy and precision oncology, a multidisciplinary approach is a
necessity. The competence and contributions of medical physics specialists, especially in the technical and
dosimetric adaptation process of the designed experiments, will produce research that meets international
standards and contributes to the literature in a modern preclinical and clinical study approach.

Keywords: Preclinical studies, clinical studies, the role of the medical physicist, clinical translation.
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In Vitro ve In Vivo Radyobiyolojik Modellerde Medikal Fizik Uzmaninin Disiplinlerarasi
Konumu: Doz-Biyolojik Yamt-Etki Iligkisi

Cemile Ceylan'?
'Tstanbul Onkoloji Hastanesi, Radyasyon Onkolojisi

2Yeditepe Universitesi, Saglik Bilimleri Fakiiltesi, Saglik Fizigi Yiiksek Lisans Programi
Ozet

Radyasyonun biyolojik sistemler {izerindeki etkilerinin anlagilmasi, temel biyoloji ile klinik
radyoterapi uygulamalar1 arasindaki iliskinin dogru bi¢cimde kurulabilmesi agisindan biiyiikk Onem
tagimaktadir. Bu etkilerin nicel ve mekanistik olarak degerlendirilmesinde kullanilan in vitro hiicresel
modeller ve in vivo hayvan modelleri, kontrollii deneysel kosullarin saglanabilmesi, biyolojik yanitlarin
zamana bagli olarak izlenebilmesi ve doz—etki iligkilerinin sistematik bigimde tanimlanabilmesi agisindan
vazgecilmez arastirma araglaridir. Iyonizan radyasyon, hiicre diizeyinde basta DNA cift zincir kiriklari,
oksidatif stres, apoptoz, mitotik 6liim ve inflamatuvar sinyal yollarin1 tetiklemekte; bu erken molekiiler olaylar
zaman igerisinde fibrozis, vaskiiler hasar, doku yeniden sekillenmesi ve fonksiyon kaybi gibi ge¢c donem
patofizyolojik siireglere doniigmektedir. In vivo hayvan modellerinde, radyobiyolojik deneylerin sonuglari
yalnizca biitiin organizma diizeyinde meydana gelen fizyolojik siiregler (6rnegin, sistemik inflamasyon,
mikrovaskiiler yanit, doku biitlinliigii ve rejeneratif kapasite) in vitro modellerde ise radyasyona maruz kalmig
hiicre hatlarinda kontrollii kosullarda incelenir. Radyasyonun hiicre ve dokulara yansiyan etkileri; hiicre
Olimii, damar bitiinliiglinde bozulma, inflamasyon ve fibrotik doniisim seklinde histopatolojik olarak
izlenebilmekte; buna ek olarak immiinohistokimya, Western blot ve RT-PCR gibi molekiiler analiz yontemleri
ile radyasyon yanitinda rol oynayan proteinler ve gen ekspresyon profilleri nicel olarak ortaya
konabilmektedir. Bu biitiinlesik deneysel yapi, doz—biyolojik etki iligkisinin yalnizca tanimlanmasini degil,
ayni zamanda mekanistik olarak a¢iklanmasini miimkiin kilmaktadir.

Preklinik Radyobiyoloji Deney Akisi

1N VIVO

Nule ¢ SCID | NSG Modeller
FDX - POOX Tumer Modallemesi

Sekil 1. Preklinik radyobiyolojide in vitro ve in vivo deneyler ve biiyolojik analiz sonu¢—translasyonel iliski
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Preklinik radyobiyolojik deneysel siirecin en kritik bilesenlerinden biri, radyasyon dozu ve tipinin,
biyolojik in vitro ya da in vivo ortama dogru ve giivenilir bicimde uygulanmasidir. Bu doniistim siirecinde
medikal fizik uzmani, deney tasarimindan doz hesaplamasina, kii¢iik alan dozimetrisinden belirsizlik analizine
ve biyolojik sonuglarin matematiksel modelleme ile yorumlanmasina kadar uzanan zincirin merkezinde yer
almaktadir. Sekil 1, preklinik radyobiyolojide in vitro ve in vivo deneysel akis ve doz-biyolojik yanit-
translasyonel yorum iliskisini gdstermektedir. In vitro radyobiyolojik calismalarda gesitli hiicre hatlar
(kanser kok hiicreleri, fibroblastlar ve epitel kokenli timdr hiicreleri gibi), organoid modeller ve ¢ok hiicreli
tiimdr sferoidleri kullanilir (1). Bu modeller, klonojenik sagkalim, DNA hasar belirtecleri (y-H2AX), DNA
onarim kinetigi, hiicre dongiisii dagilimi ve gen/protein ekspresyonu gibi biyolojik u¢ noktalar
degerlendirmek icin hiicreler, farkli radyasyon tiirlerinde (X 151n1, y 15101 gibi), olusturulacak hasara gore farkli
dozlarda ve/veya doz hizlarinda 1s1inlamaktadir. Hiicre sagkalim verilerinin yorumlanmasi i¢in temel biyolojik
cergeve Lineer-Kuadratik (LQ) modeldir. o/f oranlar1 ve sagkalim egrilerinin farkli hiicre tipleri arasinda
degiskenlik gosterdiginden, her hiicre hatt1 i¢in deney amacina gore uygun doz tanimlamasi, biyolojik esdeger
doz (BED) hesaplanmasi ile yapilmalidir (2). Bu siirecte, medikal fizik uzmani mutlak doz dogrulamasini,
doz hizini, fraksiyon esdegerligini ve 1sinlama geometrisini kontrol eder. Klonojenik sagkalim fraksiyonu,
kiigtik doz degisikliklerinin bile 6nemli 6l¢iide etkilenebilecegi bilinmektedir. Bu, in vitro radyobiyolojik
deneylerde fiziksel doz dogrulugunun biyolojik giivenilirlik icin ¢ok Snemli oldugunu gostermektedir.
Dolayistyla doz dogrulamasi, 1s1nlamadaki belirsizliklerin ¢oziilmesi ya da belirlenmesi, in vivo deneylerde
organ korumasi, hedefin dogru doza maruz kalirken set up hatalarinin minimuma indirilmesi deneysel stirecte
medikal fizik uzmaninin sorumlulugundadir. Preklinik radyobiyoloij deneyleri sadece radyasyon hasar1 degil
farkl ilag, kemoterapi ya da immiinaterapi ajanlarinin etkisini, radyoprotektor ya da radyosensitif ilag etkisi
gibi radyasyonla etkilesimin arastirilabilecegi multidisipliner bir siirectir. Dolayisiyla deney tasariminda ve
1s1nlama siirecindeki belirsizlikler ve doz hesabinda olas1 hata tiim disiplinlerin bulgularini etkiler. Tablo 1, in
vitro ve in vivo ¢aligmalarda kullanilan analizlerin 6zetini ve disiplinler arasi gdérevlerin nasil dagitildigin
gostermektedir.

Yazam Modeli Temel Analiz ve Testler Bilimsel Amac / EndPoint Multidisipliner

Cahsma

Radyobiyolojik
Cahzma Amac

1. Hitcresel Yamt

In vitro hitcre kiiltiri,

Klonojenik sagkalm, y-H2AX odak analizi,

DNA hazan ve onanm kinatiFinin

Molekiiler biyoloi,

3D organoid/sferoid 33BP1, Comet (SCGE) testi, TUNEL (arken— belirlanmesi, doz—zaman iligkili gen | radyobiyoloji, genetik,
modelleri ge; dinem), RNA-s2q/qPCE. DNA onanm ekspresyon analizi, hileresel medikal fizik
yolak belirtegleri (HR/NHET) sagkalim patemleri
2. Doku ve Organ Fare argan modelleri H&E boyas, fibrozis belirteglen, apoptoz ve Alat ve gee dénem radyasyon doku | Patoloji, molekdiler
Toksisitesi (akeiger, kalp, proliferasyon boyalan, immimchistokimya hazsanmn nicel degerlendirilmesi biveloji, medikal fizik
bafrsak)
3. Nirotoksisite / Beyin 1ymnlanan rodent | GFAP, NeulN immimchistokimya, MEI, Radyasyona bagh nérotoksisite ve Narohilim, deneysel
Merkezi Sinir Sistemi | modelleri mikrovaskiiler analiz vaskiiler hasarm degerlendirilmesi radyobiyoloji, patoloji,
Hasan medikal fizik
4. Molekiiler Sinyal Hidcre ve doku gPCE., Western Blot, BINA-seq, MTT yagam Radyasyon sonrasi stres, zpoptoz ve | Moleldiler biyoloji,
Tletimi omekleri testleri, smyal yolak analizleri hiicre dingisi yolaklannm bivokimya, medikal
belirlenmesi fizik
5. Tiimér Yamt ve Tiimér tagiyan fareler, | Timér hacim dlgimii, PCR, HIF-1e, immin Fadyasyon sonras: timér kontrolii, Deneysel onkoloji.
Mikrosistem PDX/PDOX modelleri | belirtecler (CD8, makrofaj), biyoliminesans hipoksi ve stromal—immim yamtn immimoloji,
Etkilesimleri gorintiileme degerlendmlmes: radyobiyoloji, medikal
fimk
6. Histopatolojik In vivo igmlanan H&E, Masson tnchrome, TUNEL, nekroz— Hiicre Glimi, dolu yemden Patoloji, molekdiler
Degerlendirme dokular fibrozis skorlamas vapilanmas: ve vaskdiiler hasarm biveloji, medikal fizik
histopatolojik analizi
7. Oksidatif Stres ve In vitro ve in vivo MDA, SOD, GSH, katalaz aktiviteleri, ROS Badyasyon kaynakh ok=idatif stres Biyokimya, molekiiler
Serbest Radikal Analizi = modaller belirtegleri wve antioksidan yanitm kivoloji, radyobiyolaji
degerlendirilmesi
8. Immiinolojik Yamt | Immimkompetan Alng sitometriz, sitokin ELISA panelleri, Badyagyonun bagigklik sisten Immimoloji, biyokimya,
hayvan modelleri immimohistokimya iizerindeki diizenleyici etkilerinin radyobiyoloji, medikal
9. Bivolojik Dozimetri = Her iki model Mikroniiklens testi, DINA ¢ift zincir lang Biyolojik doz-yant iliskisinin nicel | Radyobiyoloji, genetik,
analizi, v-H2AN kinetizi tahmini medikal fizik
10. FLASH ve In viva Abmt ve geq doku toksisitest, nérodavrams FLASH BT nin potansivel doku Radyobiyolaji,
Konvansivonel RT testler, GPR. doz dlgimil konryucn etkilerinin belirlenmes: nérobilim, deneysel
Karsilastrmalary onkoloji, medikal fizik

Tablo 1. In vitro ve In vivo ¢alismalarda yapilan analiz ve disiplinler arast gorev dagilimi
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In vivo radyobiyolojik ¢aligmalarda, normal doku hasar1 modelleri, hasta kaynakli timor modelleri ve
fare tiimor modelleri siklikla kullanilir. Immiin baskilama ile in vivo deneyler, insan tiimérlerinin gelisimini
ve radyasyon yanitlarini izlemeyi miimkiin kilmaktadir. Bununla birlikte inflamatuvar yanit, vaskiiler yeniden
yapilanma ve toksisite profilleri immiin kompetan modellere kiyasla farklilik gosterebilmektedir. Bu durum,
uygulanan fiziksel dozun biyolojik karsiliginin modele 6zgii bicimde degismesine neden olmaktadir. Deney
tasariminda medikal fizik uzman; kiigiik alan kolimasyonu, hedef-organ mesafesi, heterojen doku yapisina
bagl sagilim etkileri ve organ-spesifik doz hesaplamalarinin tamamindan sorumludur. Medikal Fizik
uzmaninin yiiriittiigii temel siirecler arasinda goriintiileme modaliteleri kullanilarak hedef tanimlamasi, hedef
hacim—kritik organ ayrimi ve BED-EQD2 doniistimleri yer almaktadir. Bu durumda biyolojik yanitlarin
dogru bir sekilde yorumlanmasi, yalnizca dogru doz hesaplamasma degil, ayn1 zamanda dogru ve
tekrarlanabilir 1ginlama kosullarina da baghidir. Radyasyona bagli normal doku yanitlari, erken donemde
akciger, beyin ve bagirsak gibi organlarda agr1 ve fibrozis ve nekroz gibi yapisal degisiklikler seklinde ortaya
cikabilir. Bu biyolojik siireclerin dogru bicimde degerlendirilebilmesi i¢in organ-spesifik doz hesaplamalari,
fantom dogrulamasi ve pozisyonlama dogrulugu medikal fizik uzmaninin bu siirecteki kritik gérevlerindendir.

Fantom destekli end-to-end dogrulama Olglimleri yapilmaksizin gerceklestirilen kiigiik alan
1sinlamalarinda olusabilecek doz sapmalari, biyolojik yanitin yorumunu dogrudan etkileyebilmektedir. Bu
nedenle fantom tasarimi, pozisyon tekrarlanabilirligi ve goriintiileme-isinlama izomerkezi uyumu, preklinik
radyobiyolojik deneylerde biyolojik gecerliligin zorunlu 6n kosullarindandir. Prreklinik in vitro ve in vivo
radyobiyolojik deneylerde hiicre hatti farkliliklarina baglh doz—sagkalim iligkileri, hayvan modeline 6zgii
biyolojik yanit karakteristikleri ve kii¢lik alan 1s1nlamalarinin ytiksek doz duyarliligi, medikal fizik uzmaninin
deney tasarimindaki konumunu vazgecilmez hale getirmektedir (3). Doz hesaplamasi, fraksiyon esdegerligi,
fantom dogrulamasi, kii¢iik alan dozimetresi ve belirsizlik yonetimi olmaksizin elde edilen biyolojik
bulgularin klinik karsiliginin giivenilir bi¢imde kurulmast miimkiin degildir. Bu ¢er¢evede medikal fizik
uzmani yalnizca teknik bir uygulayict degil; deney tasariminin planlayicisi, kalite giivencesi sorumlusu ve
biyolojik bulgularin nicel yorumlayicist konumundadir. In vitro ve in vivo modellerde kullanilan analiz
yontemleri ile bu siirecte yer alan disiplinler arasi katkilar Tablo 1’de 6zetlenmektedir. Disiplinler arasi
biitlinliigiin kuruldugu bu yap1, preklinik radyobiyolojiden klinik radyoterapi uygulamalarina giivenli ve etkin
translasyonun temelini olusturmaktadir.

Kaynaklar
1. Joiner MC, van der Kogel A. Basic Clinical Radiobiology, 6. Baski.
2. Hall EJ, Giaccia AJ. Radiobiology for the Radiologist.

3. Biglin ER et al. Preclinical dosimetry in small animals. Radiat Oncol, 2019.

Anahtar Kelimeler: in vitro, in vivo, Radyobiyoloji
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The Interdisciplinary Role of the Medical Physicist in In Vitro and In Vivo Radiobiological
Models: The Dose—Biological Response—Effect Relationship

Cemile Ceylan'~
'Tstanbul Oncology Hospital, Department of Radiation Oncology
?Yeditepe University, Faculty of Health Sciences, Department of Medical Physics.

Abstract

Understanding the impact of radiation on biological systems is crucial for determining the appropriate
connection between fundamental biology and clinical radiotherapy applications. In vitro cellular models and
in vivo animal models employed to quantitatively and mechanistically assess these effects are essential
research instruments for providing controlled experimental conditions, tracking biological responses over
time, and systematically delineating dose-response relationships. lonizing radiation induces DNA double-
strand breaks, oxidative stress, apoptosis, mitotic death, and inflammatory signaling pathways at the cellular
level; these initial molecular events ultimately progress to late-stage pathophysiological processes including
fibrosis, vascular damage, tissue remodeling, and functional impairment. In vivo animal models facilitate the
investigation of radiobiological experiments under controlled in vitro conditions, concentrating on
physiological processes at the whole-organism level, such as systemic inflammation, microvascular response,
tissue integrity, and regenerative capacity. The histopathological effects of radiation on cells and tissues
include cell death, vascular integrity disturbance, inflammation, and fibrotic change. Molecular analysis
techniques, including immunohistochemistry, Western blot, and RT-PCR, can objectively elucidate the
proteins and gene expression profiles associated with the radiation response. This integrated experimental
paradigm facilitates the characterisation of the dose-biological effect link and provides a mechanistic
explanation.

Preclinical Radiobiology Experimental Workflow

IN VITRO IN VIVO

Nude [ SCIO / NSG Madel=
FOX - POOX Tumor Modeling

Call Line=/ Sphereid / Organoid

« Tumor dove J voiume
Bcros!s) * Histopatholo H&E. TUNEL. KI-67)
+ Organ tamcity (lrg, irtasting)
analysic) = Animal survival (<aplan-Meler)
n Blot / RT-PCR (ATM, p53. Rad51/ = micro-CT { MRI/ PET imaging

» Com
* Wester

MOLECULAR & FUNCTIONAL ANALYSIS

Figure 01. Preclinical radiobiology: in vitro and in vivo experiments and biological analysis results — translational relationship

The precise and consistent administration of radiation dose and type to the biological in vitro or in vivo
setting is a fundamental aspect of the preclinical radiobiological experimental method. The medical physicist
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is pivotal in the transformation process, overseeing experimental design, dosage computation, small-area
dosimetry, uncertainty analysis, and the interpretation of biological outcomes via mathematical modeling.
Figure 1 depicts the experimental flow for in vitro and in vivo studies, along with the link between dose,
biological response, and translational interpretation in preclinical radiobiology. In vitro radiobiological
investigations utilize several cell lines, including cancer stem cells, fibroblasts, and epithelial-derived tumor
cells, as well as organoid models and multicellular tumor spheroids. These models expose cells to varying
doses and/or dose rates of different radiation types (e.g., X-rays, y-rays) to assess biological endpoints such
as clonogenic survival, DNA damage indicators (y-H2AX), DNA repair kinetics, cell cycle distribution, and
gene/protein expression. The essential biological framework for analyzing cell survival data is the Linear-
Quadratic (LQ) model. Given that o/ ratios and survival curves differ among various cell types, it is essential
to define the optimal dose for each cell line based on the experimental objective, in conjunction with the
computation of the biological equivalent dose (BED) (2). The medical physicist oversees absolute dose
verification, dose rate, fraction equivalence, and irradiation geometry in this procedure. The clonogenic
survival fraction can be markedly influenced by little alterations in dosage. This illustrates that precise
physical dose measurement in in vitro radiobiological research is essential for biological validity.
Consequently, the medical physicist is responsible for dose verification, addressing uncertainties in
irradiation, assuring organ protection during in vivo studies, and minimizing setup errors while guaranteeing
that the target receives the appropriate dosage throughout the experimental procedure. Preclinical radiobiology
experiments are a multidisciplinary endeavor that examines radiation damage alongside the impacts of various
pharmacological medicines, including chemotherapy and immunotherapy, as well as interactions with
radiation, such as the influence of radioprotective or radiosensitizing pharmaceuticals. Consequently,
ambiguities in the experimental design and irradiation procedure, along with potential inaccuracies in dosage
computation, influence the results across all fields. Table 1 summarizes the analyses employed in in vitro and
in vivo investigations, illustrating the distribution of interdisciplinary activities.

cellular Response In vitro cell linés, 3D spheroids, organoids  Clonogenic survival, y-H2AX, 53BP1, DNA damage-repair kinetics, survival Radiobiology, molecular biology,

Comet, TUNEL, gPCR profiling genetics, medical physics
Tissue & Organ Toxicity Lung, heart, intestine models H&E, fibrosis markers, IHC Acute and late normal tissue toxicity Pathology, molecular biology, medical
physics
Neurotoxicity / CNS Brain-irradiated rodent models GFAP, NeuN IHC, MRI, micro-beam Radiation-induced neurovascular injury Neurobiology, radiobiology, pathology,
medical physics
Molecular Signaling Cell & tissue samples qPCR, Western Blot, RNA-seq, MTT Stress and survival signaling pathways Maolecular biology, biochemistry, medical
physics
Tumor Growth & Microenvironment Tumor-bearing mice, PDX/PDOX Tumor volume, HIF-1a, immune profiling,  Tumor control, hypoxia, vascular Experimental oncology, immunology,
BLI response medical physics
Histopathology In vivo irradiated organs HE&E, Masson trichrome, TUNEL Necrosis, fibrosis, vascular injury Pathology, molecular biology, medical
physics
Oxidative Stress In vitro / in vivo MDA, SOD, GSH, catalase, ROS. Oxidative stress and antioxidant balance  Biochemistry, radiobiology
immunological Response Immunocompetent animal models Flow cytometry, cytokine ELISA, IHC Immune modulation by radiation Immunology, radiobialogy, medical
physics
Biological Dosimetry All experimental models Micronucleus, DNA strand breaks, y- Biological dose—response estimation Radiabiology, genetics, medical physics
H2AX
FLASH vs Conventional RT In vivo models Tissue toxicity, neurobehavioral tests, Normal tissue sparing with FLASH RT Radiobiology, experimental oncology,
GPR medical physics

Table 1.Analysis and interdisciplinary task distribution in vitro and in vivo studies

In vivo radiobiological investigations commonly employ normal tissue damage models, patient-
derived tumor models, and murine tumor models. In vivo research using immune suppression facilitate the
observation of human tumor progression and responses to radiation. Nonetheless, inflammatory responses,
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vascular remodeling, and toxicity profiles may vary in comparison to immunocompetent mice. This results
in the biological equivalent of the administered physical dose fluctuating based on the model. In the
experimental design, the medical physicist is accountable for small-field collimation, target-organ distance,
scattering effects arising from heterogeneous tissue structure, and organ-specific dosage computations. The
essential tasks performed by the medical physicist encompass target delineation utilizing imaging techniques,
separation between target volume and key organs, and conversions from BED to EQD2. The appropriate
interpretation of biological responses relies on precise dose estimations as well as consistent and reproducible
irradiation circumstances. Typical tissue reactions to radiation may present first as discomfort and structural
alterations, including fibrosis and necrosis, in organs such as the lungs, brain, and intestines. Calculating
organ-specific doses, verifying phantoms, and ensuring placement accuracy are essential responsibilities of
the medical physicist in this procedure to guarantee accurate evaluation of biological processes.

Dosimetric discrepancies in small-field irradiations conducted without phantom-supported end-to-end
verification can directly influence the assessment of biological responses. Consequently, phantom design,
position repeatability, and imaging-irradiation isocenter alignment are essential conditions for biological
validity in preclinical radiobiological investigations. In preclinical in vitro and in vivo radiobiological studies,
dose-survival relationships vary due to differences in cell lines, biological response characteristics specific to
animal models, and the heightened dose sensitivity associated with small-field irradiation, rendering the
medical physicist's involvement in experimental design essential (3). Reliable establishment of the clinical
significance of biological data is unattainable without dose calculation, fraction equivalence, phantom
verification, small-field dosimetry, and uncertainty management. In this environment, the medical physicist
serves not only as a technical practitioner but also as the designer of experiments, the officer responsible for
quality assurance, and the quantitative interpretation of biological results. Table 1 summarizes the analytical
methodologies employed in in vitro and in vivo models, along with the interdisciplinary contributions engaged
in this process. This framework, which ensures interdisciplinary coherence, underpins the secure and efficient
transition from preclinical radiobiology to clinical radiation applications.

References
1. Joiner MC, van der Kogel A. Basic Clinical Radiobiology, 6. Baski.
2. Hall EJ, Giaccia AJ. Radiobiology for the Radiologist.
3. Biglin ER et al. Preclinical dosimetry in small animals. Radiat Oncol, 2019.
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Preklinik ve Radyobiyolojik Deneysel Caligmalarda Karsilasilan Uygulama Zorluklar1 ve
(Cozim Stratejileri

Osman Vefa Giil'
!Selguk Universitesi, Tip Fakiiltesi, Radyasyon Onkolojisi Anabilim Dali

Ozet

Amag: Preklinik ve radyobiyolojik deneysel ¢alismalar, disiplinler arasi is birligi, metodolojik dogruluk, etik
uyum ve kaynak yonetimi gerektiren karmasik siireglerdir. Bu ¢aligmanin amaci, deneysel arastirmalarda sik
karsilasilan uygulama giicliiklerini bilimsel, etik ve operasyonel agidan irdelemek; hayvan modelleri,
radyoniiklid uygulamalari, dozimetri siiregleri, numune yonetimi ve multidisipliner ekip yapilanmasina
yonelik ¢6ziim odakli stratejiler sunmaktir.

Gerec¢ ve Yontem: Bu derleme niteligindeki ¢alisma, preklinik arastirma dongiisiinii olusturan deney tasarimi,
3R ilkeleri (Replacement—Reduction—Refinement) dogrultusunda etik siireglerin yiiriitiilmesi, hayvan modeli
uygulamalarinda karsilagilan zorluklar, radyoterapi ve radyoniiklid goriintiileme asamalarindaki dozimetrik
dogrulama yaklagimlar1 ile numune toplama-saklama standartlarini ele almistir. Ek olarak, proje biitcesi,
finansal siirdiiriilebilirlik, is paketi-biitce uyumu ve laboratuvar organizasyonu degerlendirilmistir. Veri akis,
kalite kontrolii ve istatistiksel analiz basamaklar1 aragtirma biitiinliigii temelinde incelenmistir.

Bulgular: Analizler, preklinik deneylerde metodolojik tutarliligin saglanmasi i¢in doz kalibrasyonu, hayvan
fizyolojisinin stabilize edilmesi, gevresel stres faktorlerinin kontrolii ve geometrik tekrarlanabilirligin kritik
oldugunu gostermektedir. Fantom tabanli doz dogrulama yontemleri, hayvan erisim giicliiklerini azaltarak 3R
ilkeleri ile uyumlu alternatif gelistirilmesine olanak tanimaktadir. Bunun yani sira, multidisipliner ekip
yapisinda rol dagilimi, veri standardizasyonu ve egitim yetkinligi arastirmanin basarisini dogrudan
etkilemektedir. Numune toplama, fiksasyon ve izlenebilirlik siireglerinde yapilan yapilandirilmis
uygulamalar, veri glivenilirligini artirmaktadir.

Sonuc: Preklinik ve radyobiyolojik deneysel g¢alismalarin basarisi yalnmizca bilimsel dogrulukla smirli
olmay1p; etik uyum, biitce planlamasi, ekip koordinasyonu ve operasyonel siirdiiriilebilirlik ile dogrudan
iligkilidir. Deney tasariminin titizlikle olusturulmasi, dozimetrik dogrulama ve veri yonetimi siireglerinin
standardize edilmesi, translasyonel arastirmalarin giivenilirligini ve klinik uygulamalara aktarilabilirligini
giliclendirmektedir. Bu ¢alisma, arastirmacilara uygulama sirasinda karsilagilan zorluklara yonelik sistematik
¢Ozlim Onerileri sunarak preklinik ¢aligmalarda kalite ve verimliligin artirilmasina katki saglamaktadir.

Anahtar Kelimeler: Preklinik arastirma, radyobiyoloji, deneysel tasarim, dozimetrik dogrulama
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Practical Challenges and Solution Strategies in Preclinical and Radiobiological Experimental
Studies

Osman Vefa Gul'
"Department of Radiation Oncology, Faculty of Medicine, Selcuk University

Abstract

Objective: Preclinical and radiobiological experimental studies are complex processes requiring
interdisciplinary collaboration, methodological accuracy, ethical compliance, and resource management. The
aim of this study is to examine the application difficulties frequently encountered in experimental research
from scientific, ethical, and operational perspectives; and to present solution-oriented strategies for animal
models, radionuclide applications, dosimetry processes, sample management, and multidisciplinary team
organization.

Materials and Methods: This compilation study addresses experimental design, the implementation of
ethical processes in line with the 3R principles (Replacement—Reduction—Refinement), challenges
encountered in animal model applications, dosimetric verification approaches in radiotherapy and
radionuclide imaging stages, and sample collection and storage standards that constitute the preclinical
research cycle. Additionally, the project budget, financial sustainability, work package-budget alignment, and
laboratory organization were evaluated. Data flow, quality control, and statistical analysis steps were
examined based on research integrity.

Results: Analyses indicate that dose calibration, stabilization of animal physiology, control of environmental
stress factors, and geometric reproducibility are critical for ensuring methodological consistency in preclinical
studies. Phantom-based dose verification methods enable the development of alternatives that comply with
the 3Rs principles by reducing animal access difficulties. In addition, role distribution in a multidisciplinary
team structure, data standardization, and training competence directly affect the success of the research.
Structured practices in sample collection, fixation, and traceability processes increase data reliability.

Conclusion: The success of preclinical and radiobiological experimental studies is not limited solely to
scientific accuracy; it is directly related to ethical compliance, budget planning, team coordination, and
operational sustainability. Meticulous design of experiments, standardization of dosimetric validation and data
management processes enhance the reliability of translational research and its transferability to clinical
practice. This study contributes to improving quality and efficiency in preclinical studies by providing
researchers with systematic solutions to challenges encountered during implementation.

Keywords: Preclinical research, radiobiology, experimental design, dosimetric verification
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Niikleer Tipta Yeni Cihaz Teknolojileri

Turan SAHMARAN!
"Hatay Mustafa Kemal Universitesi, Kirtkhan Meslek Yiiksekokulu

Hibrit goriintiileme sistemleri, metabolik ve anatomik veriyi eszamanli olarak birlestirerek niikleer tipta tanisal
dogrulugu 6nemli Olciide artirmaktadir. PET/BT, PET’in fonksiyonel aktiviteyi degerlendirme yetenegini,
BT’nin anatomik dogruluk ve ateniiasyon diizeltmesiyle tamamlayarak ozellikle onkoloji, noroloji ve
kardiyoloji alanlarinda yaygin olarak kullanilmaktadir. FDG temelli rutin uygulamalarin yani sira Ga-68
tabanli hedefe yonelik ajanlarin gelistirilmesiyle, primer tiimor odaginin belirlenmesi, metastatik yayilimin
saptanmast ve tedavi yanitinin izlenmesi daha hassas hale gelmistir. Ayrica meme goriintiilemesi i¢in
gelistirilen poziton emisyon mamografisi (PEM) sistemleri, yliksek ¢oziiniirliik ve odaklanmis FOV sayesinde
kiigtik lezyonlarin degerlendirilmesinde belirgin avantaj saglamaktadir. Tiim viicut PET sistemlerinde
duyarliligin ve tarama verimliliginin artirilmasi, tek pozisyonda tiim viicudun ¢ok kisa siirede
gorilintiilenmesini miimkiin kilmaktadir. Genis goriis alani, yiiksek dedektor yogunlugu ve hizli veri toplama
kabiliyeti sayesinde tarama siiresi saniyelere kadar diisebilmekte, radyasyon dozu azaltilabilmekte ve 6zellikle
pediatrik uygulamalarda 6nemli faydalar saglanmaktadir. Bununla birlikte veri hacmi, sistem karmasikligi,
maliyet ve altyapr gereksinimleri klinik uygulamada kisitlayici unsurlar olmaya devam etmektedir.
SPECT/BT alaninda kadmiyum-¢inko-telliir (CZT) tabanli yeni nesil dedektor teknolojileri, yliksek
hassasiyet, kisa tarama siireleri, diisiik doz protokolleri ve artirilmis uzaysal ¢oziiniirliikk ile kardiyak
gorilintiilemede 6ne ¢ikmaktadir. D-SPECT, MyoSPECT, CardiArc, Cardius 3 ve IQ-SPECT gibi sistemler;
geleneksel cihazlara kiyasla 2 ila 10 kat daha yiiksek sayim verimliligi sunmakta, hasta konforunu artirmakta
ve kiigiik lezyonlarin tanisal degerlendirmesinde iistiin performans saglamaktadir. PET/MR teknolojisi,
PET’in molekiiler goriintiileme kapasitesini MR ’1n yiiksek yumusak doku kontrasti ile birlestirerek radyasyon
dozunun azaltildigi, doku karakterizasyonunun iyilestirildigi hibrit bir goriintiileme yaklasgimi sunmaktadir.
Verilerin ayn1 seansta elde edilmesi, hareket artefaktlarini azaltmakta ve 6zellikle ndrolojik, pediatrik ve
onkolojik vakalarda klinik karar siireglerine katki saglamaktadir. Ancak sistem maliyeti, ¢cekim siiresi, MR-
uyumlu dedektér gereksinimi ve atenliasyon diizeltmesine iligkin teknik zorluklar, PET/MR’m
yayginlagsmasini sinirlayan faktorler olarak 6ne ¢ikmaktadir. Hibrit cihaz teknolojilerindeki bu gelismeler;
hizli tarama, diisiik doz, yiiksek ¢oziiniirliik ve hedefe yonelik radyofarmasotiklerle birlikte tanisal dogrulugu

artirmakta, hasta yonetimini iyilestirmekte ve kisisellestirilmis tibba gecis siirecini hizlandirmaktadir.
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Hybrid Goriintiilemede Etkili Faktorler ve Goriintii Kalitesi Optimizasyonu

Feryal CAKIR!
'Saglik Bilimleri Universitesi, Ankara Etlik Sehir Hastanesi, Niikleer Tip Klinigi

Ozet

Amag: Bu ¢caligmanin amaci; hibrid goriintiilleme (SPECT/BT, PET/BT, PET/MR) sistemlerinde goriintii kalitesini
belirleyen faktorleri yapilandirilmis bir cergevede siniflandirmak, goriintii kalitesinin kantifikasyonunda kullanilan
temel metrikleri 6zetlemek ve klinik amaca gore tekrarlanabilir bir optimizasyon yaklagimi onermektir.

Gere¢ ve Yontem: Goriintiileme sistemlerine iliskin donanimsal bilesenler, goriintii bilgi edinme parametreleri,
yeniden yapilandirma segenekleri ve hasta kaynakli degiskenler, goriintii kalitesini belirleyen baslica etmenler
olarak ele alinmistir. Bu ¢ercevede optimizasyon, tekil bir “ayar” diizeltmesi degil; klinik amaca gore dlciilebilir
performans hedefleri tanimlayan bir karar verme stireci olarak kurgulanmistir. Kiigiik lezyon/odak saptamada
kontrast duyarlilig1 ve giiriiltii yonetimi 6nceliklendirilirken, niceliksel takipte dogruluk ve tekrarlanabilirlik temel
gereklilikler olarak vurgulanmigtir. Performans degerlendirmesi; goriintii giiriiltiisii/stabilite gostergeleri
(varyasyon katsayisi, CoV), saptanabilirlik metrikleri (sinyal-giiriiltii orani, SNR; kontrast-giiriiltii orani, CNR),
uzaysal ¢Oziniirlik oOlgiitleri, fantom referansli kantitatif dogrulama (kalibrasyon/geri kazanim ve sapma
kontrolleri) ve gorlintii artefaktlarinin sistematik gézden gecirilmesi iizerinden biitlinciil olarak dnerilmistir.

Bulgular: Goriintii optimizasyonu, klinik soruya gore tanimlanan performans hedefleri arasinda kazanim—bedel
dengesinin yonetildigi bir siirectir. Saptanabilirligi artirmaya yonelik diizenlemeler (sayim istatistiginin
tyilestirilmesi, iteratif rekonstriiksiyonda iterasyon diizeyinin artirilmasi, kontrast geri kazaniminin
giiclendirilmesi) CNR/SNR degerlerini yiikseltebilmekle birlikte, poison kaynakli belirsizlik ve modelleme etkileri
nedeniyle giirtiltii diizeyini (CoV) artirma egilimindedir; buna karsilik giiriilti baskilayicit yaklagimlar
(filtreleme/smoothing) CoV’yi azaltirken kiiciik lezyonlarda kontrast ve smir keskinligini diistirerek
saptanabilirligi olumsuz etkileyebilir. Bu nedenle tek bir “optimal protokol” tanimi ¢ogu klinik kullanim senaryosu
icin genellenebilir degildir; daha uygun yaklasim, (1) kiigiik odak saptamaya yonelik saptanabilirlik odakli protokol
ve (i1) yanit degerlendirme/izlem amacl niceliksel izlem protokolii olmak iizere iki amag¢ ekseninde protokol
tasarlamaktir.

Hibrit goriintiillemede niceliksel sapmalarin énemli bir kismi, emisyon verisinin sayim istatistiginden ziyade
diizeltme zincirindeki (6rn. ateniiasyon/sagilma diizeltmeleri) ve veri setlerinin hizalamasindaki sistematik
etkilerden kaynaklanir. Bu baglamda optimizasyon, yalnizca metriklerde iyilesme hedefleyen bir parametre
ayarlama islemi degil; metrik temelli degerlendirmeyi artefakt taramasi ve kok-neden analizi ile biitiinlestiren
amag-odakli bir karar ve kalite glivence yaklasimi olarak ele alinmalidir.

Sonugc: Hibrit goriintiilemede optimizasyon, tek bir parametre setinin “en iyi” olarak se¢ilmesinden ziyade klinik
soruya gore tanimlanan hedefler dogrultusunda; saptanabilirlik, giiriiltii, ¢oziintirliikk ve niceliksel dogruluk
eksenleri arasinda bir denge kurma siireci olarak ele alinmalidir. Bu nedenle, kiigiik odak saptamaya ve niceliksel
yanit degerlendirmeye odaklanan iki ayri amaca yonelik protokol yaklasimi benimsenmelidir. Degerlendirme,
kantifikasyon metriklerinin yaninda diizeltme zinciri ile goriintii veri setlerinin uyumsuzluklarindan kaynaklanan
artefaktlarin sistematik olarak gozden gecirilmesi ile desteklenmelidir. Bu c¢ergeve, protokol se¢imini
rasyonellestirir; farkli sistemler ve zaman noktalar1 arasinda tekrarlanabilirligi giiclendirir ve siirdiiriilebilir bir
kalite giivence altyapisina katki saglar.

Anahtar Kelimeler: Hibrit Goriintiileme, Goriintii Optimizasyonu, Goriintii Kantifikasyonu
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Factors Affecting Hybrid Imaging and Image Quality Optimization

Feryal CAKIR!
"University of Health Sciences, Ankara Etlik City Hospital, Nuclear Medicine Clinic

Abstract

Objective: The aim of this study is to classify, within a structured framework, the factors that determine image
quality in hybrid imaging systems (SPECT/CT, PET/CT, and PET/MR), to summarize the key metrics used for
image quality quantification, and to propose a reproducible optimization approach tailored to the clinical
objective.

Materials and Methods: Hardware components of imaging systems, acquisition parameters, reconstruction
options, and patient-related variables were considered as the main determinants of image quality. Within this
framework, optimization was conceptualized not as a single “setting” adjustment, but as a decision-making process
that defines measurable performance targets according to the clinical objective. While contrast sensitivity and noise
management were prioritized for small lesion/focus detectability, accuracy and reproducibility were emphasized
as fundamental requirements for quantitative follow-up. Performance assessment was holistically proposed based
on image noise/stability indicators (coefficient of variation, CoV), detectability metrics (signal-to-noise ratio, SNR;
contrast-to-noise ratio, CNR), spatial resolution measures, phantom-referenced quantitative verification
(calibration/recovery and bias checks), and a systematic review of imaging artifacts.

Results: Image optimization is a process in which the gain—cost trade-off is managed across performance targets
defined by the clinical question. Adjustments aimed at increasing detectability (e.g., improving counting statistics,
increasing the iteration level in iterative reconstruction, and enhancing contrast recovery) may increase CNR/SNR;
however, due to Poisson-driven uncertainty and modeling effects, they also tend to increase noise (CoV).
Conversely, noise-suppressing strategies (filtering/smoothing) can reduce CoV, but may adversely affect
detectability in small lesions by lowering contrast and edge sharpness. Therefore, a single definition of an “optimal
protocol” is not generalizable for most clinical use scenarios; a more appropriate approach is to design protocols
along two purpose axes: (i) a detectability-oriented protocol for small-focus detection and (ii) a quantitative follow-
up protocol for response assessment/longitudinal monitoring.
In hybrid imaging, a substantial portion of quantitative bias arises not from the counting statistics of the emission
data but from systematic effects within the correction chain (e.g., attenuation and scatter corrections) and from
dataset misregistration/alignment. In this context, optimization should be regarded not merely as parameter tuning
aimed at improving metrics, but as a goal-oriented decision and quality assurance approach that integrates metric-
based evaluation with artifact screening and root-cause analysis.

Conclusion: In hybrid imaging, optimization should be regarded not as selecting a single “best” parameter set, but
as a balancing process across detectability, noise, spatial resolution, and quantitative accuracy in line with targets
defined by the clinical question. Therefore, two distinct purpose-driven protocol strategies should be adopted: one
focusing on small-focus/lesion detectability and another focusing on quantitative response assessment. The
evaluation should be supported not only by quantification metrics but also by a systematic review of artifacts
arising from the correction chain and from inconsistencies between imaging datasets. This framework rationalizes
protocol selection, strengthens reproducibility across different systems and time points, and contributes to a
sustainable quality assurance infrastructure.

Keywords: Hybrid Imaging, Image Optimization, Image Quantification
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Radyoterapide Plan Degerlendirme ve Kompleksite: Tedavi Kalitesine Etkisi

Recep Kandemir!

! {zmir Ekonomi Universitesi, Medical Point Hastanesi, Radyasyon Onkolojisi, Izmir

Radyoterapide IMRT/VMAT, stereotaktik tedaviler ve adaptif yaklasimlar giinliik rutinin pargasi
haline geldikce, tedavi planlarin1 degerlendirirken sadece DVH tabanli klasik indekslere (konformite,
homojenlik, gradiyent indeksleri gibi) bakmak yeterli olmamaktadir. Planin ne kadar “iyi” olduguna karar
verirken, plan kompleksitesi ve hastaya 6zel kalite giivencesi (PSQA) sonuglari ile olan iligkisini de mutlaka
dikkate almak gerekmektedir. Bu sunum, plan degerlendirme siirecini ii¢ temel baslik etrafinda ele almaktadir:
plan Kkalitesi, plan kompleksitesi ve PSQA/teslim edilebilirlik etkilesimi. ilk boliimde, literatiirde sik
kullanilan kompleksite metrikleri daha anlasilir bir dille 6zetlenmekte; toplam MU ve MU/Gy, kenar tabanl
metrikler (EM, EAM, CAM), modiilasyon gostergeleri (MCS, MCSv, MI), geometrik ve dinamik yaprak
metrikleri (Mean Aperture Displacement/MAD, Leaf Travel/LT, MLC hiz ve ivme indeksleri, plan agiklik
alan1 ve agiklik bagina MU gibi) tanimlanmakta ve bu parametrelerin PSQA ile iligkisini anlamanin neden
onemli oldugu tartisilmaktadir. Sunumda tartisilan metriklerin karmasiklik sonuglar literatiirde erisim ve
kullanima agik olan olan UComX yazilimi ile elde edilmistir'. Farkli linak ve tedavi planlama sistemlerinde
ayni fiziksel olguyu tarif eden bu metriklerin birden fazla isim, formiil ve normalizasyon ile kullanilmasinin,
klinik uygulamada ortak bir dil ihtiyacini artirdigi vurgulanmaktadir. Sunumun ikinci bdliimiinde, Elekta
Monaco ve Varian Eclipse TPS kullanilarak olusturulan 6rnek ¢ok odakli beyin stereotaktik planlari iizerinden
PTV ve GTV lerin kapsamalar1 ve kritik organ dozlar1 karsilagtirilmakta; benzer klinik hedeflere sahip
planlarin dozimetrik agidan yakin kalite kontrol sonuglari sunarken kompleksite profillerinin belirgin sekilde
farklilasabildigi gosterilmektedir. Devaminda, ayni planlar i¢cin LT, MAD, MCSv, toplam MU ve se¢ilmis
aciklik temelli metrikler hesaplanmakta; bu metriklerin EPID tabanli gama analizi (%3/3 mm, %2/2 mm, %1/2
mm) sonuglartyla nasil iligki gosterdigi sorgulanmaktadir. Elde edilen bulgular, artan kompleksitenin tek
basina daha kotii plan kalitesi anlamina gelmedigini; ancak 6zellikle daha siki gama kriterlerinde gama gegis
oranlarinda azalma egilimiyle birlikte seyredebilecegini, MLC davranmisini yansitan metriklerin teslim

edilebilirlik ag¢isindan daha gii¢lii ayirt ediciler olabildigini ortaya koymaktadir.
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Son boliimde, kompleksitenin “iyi” veya “kotii” seklinde tek basina sonuglandirilmasi yerine, plan

kalitesi ve PSQA ile birlikte yorumlanan ii¢ilincii bir boyut olarak ele alinmasi1 gerektigi; klinik, cihaz, tps ve
teknik 6zelinde makul metrik esiklerinin tanimlanarak hem optimizasyon stratejilerinin hem de PSQA is
ylikiiniin daha akilct bicimde yonetilebilecegi ve klinik uygulama pratigine dogrudan katki saglayacagi

distiiniilmektedir.

[1] Samuele Cavinato, & Alessandro Scaggion. (2024). UCoMX: Universal Complexity Metrics Extractor (1.0).
Zenodo. https://doi.org/10.5281/zenodo.8276838
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Zor Vakalar Esliginde Plan Degerlendirme:
Akciger Tiimorlerinde SBRT Plan1 & Multiple Beyin Tiimorleri SRT Plam

Duygu BAYCAN SAVAR!

! Ankara Giiven Hastanesi Radyasyon Onkolojisi Boliimii

Amag: Bu calisma, akciger SBRT ve multiple beyin metastazlarinda SRT planlamasinda karsilasilan klinik
ve fiziksel zorluklari tanimlamak, zor vaka degerlendirme kriterlerini ortaya koymak ve ileri teknoloji ile
optimize edilmis planlama stratejilerinin tedavi kalitesine etkisini gostermeyi amaglamaktadir.

Gereg ve Yontem: Calismada, santral/ultra-santral yerlesimli akciger tiimdrleri ile birden fazla, ¢coklu beyin
metastazi bulunan hastalara ait O6rnek vakalar incelenmistir. Planlama siireglerinde kullanilan teknik
parametreler (arc sayisi, fraksiyonasyon semasi, BED hesaplamalari, MLC performansi, IGRT dogrulugu, tek
izosentrik ¢oklu lezyon teknikleri) degerlendirilmistir. Her vaka; timdriin anatomik konumu, kritik organlara
yakinlig1, hareket miktari, PTV marjlar1 ve V12 gibi risk metrikleri iizerinden analiz edilmistir.

Bulgular:

o Santral ve kritik organlara yakin akciger tiimorlerinde solunum hareketi, ITV belirleme ve organ
toleranslar1 planlamay1 belirgin sekilde zorlastirmistir.

e Multiple beyin metastazlarinda lezyon sayisi arttikca izosentrik uzaklik, rotasyon hatalar1 ve V12
kontrolii plan kalitesini dogrudan etkilemistir.

e PTV marjinin 1 mm’den fazla olmasi 6zellikle beyin metastazlarinda V12’yi ciddi oranda artirmistir.

o FFF 1gimlarin daha diisiik penumbra ve kisa beam-on time sayesinde ¢oklu hedeflerde avantaj sagladigi
gorilmiistiir.

o Bazi vakalarda optimal tedavi plani miimkiin olurken, bazi hastalarda performans durumu ve toplam
hacim nedeniyle tedavi sinirlarinin dikkatle belirlenmesi gerektigi ortaya ¢cikmastir.

Sonug: Zor vakalarda planlama; yalnizca ideal doz dagilimi degil, klinik gerekliliklerin, anatomik kisitlarin
ve teknolojik kapasitenin birlikte degerlendirilmesini gerektirir. SBRT/SRT uygulamalar1 yiiksek dogruluk,
deneyim ve multidisipliner yaklasim ister. Kisiye 6zgii planlama, kritik organ dozlarini gézeterek en 1yi tedavi
dengesini saglar. Zor vakalar, standartlardan sapmadan yaratici ve analitik planlama ile basarili sekilde
yoOnetilebilir

Anahtar Kelimeler: Akciger SBRT, Multiple Beyin metastazi, SRS
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Challenging Case—Based Plan Evaluation: Lung SBRT and Multiple Brain Metastases SRS

Duygu BAYCAN SAVAR!
' Ankara Giiven Hastanesi Radyasyon Onkolojisi Béliimii

Objective: This study aims to identify the clinical and physical challenges encountered in SBRT for lung
tumors and SRT for multiple brain metastases, to define the criteria for difficult-case evaluation, and to
demonstrate the impact of advanced technology and optimized planning strategies on treatment quality.

Matenials and Methods: Example cases involving centrally/ultracentrally located lung tumors and patients
with multiple brain metastases were analyzed. Technical planning parameters (number of arcs, fractionation
schemes, BED calculations, MLC performance, IGRT accuracy, and single-isocenter multi-lesion techniques)
were evaluated. Each case was assessed based on tumor anatomy, proximity to critical organs, motion
magnitude, PTV margins, and risk metrics such as V12.

Results:

e In centrally located lung tumors close to critical organs, respiratory motion, ITV determination, and
organ tolerances significantly complicated planning.

o In multiple brain metastases, increasing lesion number directly affected plan quality through isocenter
distance, rotational errors, and V12 control.

e A PTV margin greater than 1 mm notably increased V12 in brain metastasis SRS.

e FFF beams provided advantages such as reduced penumbra and shorter beam-on time in multitarget
treatments.

o While an optimal treatment plan was feasible for some cases, others required careful consideration of
performance status and total tumor volume to define safe treatment boundaries.

Conclusion: Planning for difficult cases requires evaluating clinical needs, anatomical constraints, and
technological capabilities together—not just achieving an ideal dose distribution. SBRT/SRT procedures
demand high precision, expertise, and a multidisciplinary approach. Personalized planning ensures the best
balance while protecting critical organs. Difficult cases can be successfully managed with creative yet
guideline-compliant and analytical planning.

Keywords: Lung SBRT, multiple brain metastases, SRS
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Hastaya Spesifik QA Gegmeyen Planlar I¢in Stratejiler

Esin GUNDEM'
ISBU Giilhane Egitim ve Arastirma Hastanesi Radyasyon Onkolojisi Anabilim Dal1

Ozet

Hastaya 6zgii kalite giivence (PSQA), radyoterapi planlama sisteminde hesaplanan doz dagiliminin tedavi
cihazinda uygulanabilirligini dogrulayan dnemli bir siirectir. Tedavi Planlama Sistemi’nin (TPS) hesapladig:
doz dagilimi ile tedavi cihazinin uyguladigt doz dagiliminin uyumlu olmasi hasta giivenligi agisindan
zorunluluktur. Ancak IMRT ve VMAT gibi kompleks tedavilerde artan modiilasyon, plan ile tedavinin
uygulanmasindaki uyumsuzluklar1 dolayisiyla QA basarisizliklarini daha olasi hale getirmektedir. Kompleks
tedavilerin dogasinda var olan karmasiklik tedavi kalite kontroliinii zorlastirir ve asil zorluk, PSQA protokolii
tasarlamak ve bu siireclerin siirdiiriilebilirligini saglamaktir. AAPM TG-218; PSQA sonuglari i¢in %3/2 mm
gamma analizi kriterine goére Tolerans Limitinin (TL) %95, Aksiyon Limitinin (AL) ise %90 olarak
belirlenmesini 6nermektedir. Sonuglar TL’i disinda kaldiginda, problemin kaynagi tanimlanmali ve gerekli
diizeltmeler i¢in eylemler yapilmalidir. Bu diizeltmeler, AL ne ulasilmadan 6nce gergeklestirilmelidir.

QA basarisizliklarinin temel kaynaklar1 ii¢c ana kategoride incelenir. Planlama kaynakli nedenler, asir
modiilasyon, diizensiz MLC hareketleri, ¢ok kiiclik segmentler ve yiiksek doz gradyanlarinin 6l¢iim
sistemlerinin ¢Oziiniirlik limitlerini zorlamasiyla iligkilidir. Cihaza bagli nedenler, MLC yaprak
senkronizasyon hatalari, doz ¢ikisindaki giinliik varyasyonlar, gantry—couch geometrisindeki sapmalar ve
detektor kalibrasyon eksikliklerini igerir. Kullanici ve kurulum hatalari ise fantom hizalama hatalari, yanlis
plan yiiklenmesi ve 6l¢iim—hesaplama eslestirmesindeki uyumsuzluklardan kaynaklanir. Hastaya Spesifik QA
gegmeyen planlar i¢in uygulanacak stratejiler, klinik etkinligi korumak ve hasta gilivenligini saglamak
acisindan biiylik 6nem tasir. Bu stratejiler; dl¢limiin tekrarlanmasi, farkli QA cihazlarinin kullanimi, plan
karmasiklig1 indekslerinin (MCS, MU index, aperture complexity) izlenmesi, modiilasyonun azaltilmasi,
gradyanlarin yumusatilmasi, gerektiginde tedavinin degistirilmesi, cihaz kalibrasyon ve bakim programlarinin
diizenli yiiriitiilmesi ve yapay zeka destekli QA tahmin modellerinin yiiksek riskli planlar1 dnceden belirlemesi
pek cok yontemi biinyesinde barindirir. Ayrica bagimsiz doz hesaplama yazilimlar1 (Mobius, RadCalc,
SciMoCa) ve log tabanli QA sistemleri cihaz hareketlerinin ger¢ek zamanli dogrulamasinda 6nemli rol oynar.

Sonug olarak, Hastaya Ozgii QA basarisizliklar1 ¢ok faktorlii bir siirectir ve dogru teknik analizle etkili bir
sekilde yonetilebilir. Sistematik degerlendirme, teknolojik dogrulama araglari ve multidisipliner klinik karar

mekanizmalari ile tedavi giivenligi ve dogrulugu siirdiiriilebilir diizeyde tutulabilir.

Anahtar Kelimeler: Hastaya Ozgii Kalite Giivence, Plan Karmasiklig1 Indeksleri, IMRT ve VMAT
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Strategies for Plans That Fail Patient-Specific QA

Esin GUNDEM!
'"UHS Giilhane Training and Research Hospital, Department of Radiation Oncology

Abstract

Patient-Specific Quality Assurance (PSQA) is an important process that verifies whether the dose distribution
calculated by the radiotherapy treatment planning system can be accurately delivered by the treatment
machine. Ensuring that the dose distribution calculated by the Treatment Planning System (TPS) is compatible
with the dose distribution delivered by the treatment machine is crucial for patient safety. However, in
complex treatments such as IMRT and VMAT, the increased level of modulation makes discrepancies
between the planned and delivered dose distributions and therefore QA failures more likely. The inherent
complexity of advanced radiotherapy techniques complicates treatment quality control, and the primary
challenge is designing a PSQA protocol and ensuring the sustainability of these processes. AAPM TG-218
recommends a tolerance limit (TL) of 95% and an action limit (AL) of 90% for PSQA results based on the
3%/2 mm gamma analysis criteria. When results fall outside the tolerance limit, the source of the discrepancy
must be identified and corrective actions must be taken. These corrections must be implemented before the
AL is reached.

The primary sources of QA failures are grouped into three main categories. Planning-related factors are
associated with excessive modulation, irregular MLC motion, very small segments, and steep dose gradients
that push the resolution limits of measurement systems. Machine-related factors involve MLC leaf
synchronization errors, daily dose output variations, gantry—couch geometric deviations, and detector
calibration deficiencies. User and setup errors arise from improper phantom alignment, incorrect plan loading,
and inconsistencies between the measured and calculated datasets. Strategies for managing plans that fail
patient-specific QA are crucial for maintaining clinical effectiveness and ensuring patient safety. hese
strategies include repeating measurements, using alternative QA devices, monitoring plan complexity indices
(MCS, MU index, aperture complexity), reducing modulation, smoothing dose gradients, modifying the
treatment technique when necessary, maintaining regular calibration and quality assurance procedures for the
treatment machine, and utilizing Al-based QA prediction models to identify high-risk plans in advance.
Additionally,independent dose calculation tools (Mobius, RadCalc, SciMoCa) and log-based QA systems also
play an important role in the real-time verification of machine performance.

In conclusion, patient-specific QA failures are multifactorial and can be effectively managed through
appropriate technical analysis. Systematic evaluation, technological verification tools, and multidisciplinary
clinical decision-making enable the maintenance of treatment accuracy and patient safety at a sustainable
level.

Keywords: Patient-Specific Quality Assurance, Plan Complexity Indices, IMRT and VMAT
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Yapay Zeka Brakiterapinin Neresinde ?

Kerem Duruer'
"Eskisehir Osmangazi Universitesi, T1p Fakiiltesi, Radyasyon Onkolojisi Anabilim Dal1

Ozet

Brakiterapi; farkli meslek gruplarinin zaman kars1 bir arada ¢alistigi ve yiiksek tecriibe isteyen bir
uygulamadir. Yapay zekd (YZ) hem O6grenme kabiliyeti hem de siirecleri hizli bir seklide tamamlama
ozellikleri neticesinde farkli brakiterapi uygulamalarinda kullanilmaya baslanmistir. Yapilan bu ¢aligmada,
YZ teknolojilerinin brakiterapi uygulamalarindaki giincel ve gelismekte olan kullanim alanlar1 kapsamli bir
sekilde incelenmistir. Bu amagcla gergeklestirilen literatiir taramasi sonucunda YZ uygulamalari, brakiterapi is
akisinin yedi ana basamagi altinda siniflandirilmistir: Goriintiileme, 6n planlama, tedavi planlamasi, aplikator
yeniden yapilandirma, kalite giivencesi, yanit tahmini ve ger¢ek zamanli izleme.

Yapilmis olan bu caligmalarin yaklasik %43’ goriintiileme, %24’ planlama, %251 aplikator
rekonstriiksiyonu ve %8’1 de kalan uygulamalardir. Goriintiileme basamag ile ilgili yapilan ¢alismalarin
%70’1 segmentasyon, %30’u ise goriintli rejistirasyonu ile ilgilidir. Planlama basamagindaki calismalarin
%69’u tedavi planlamasi, %31°1 ise 6n planlama ile ilgilidir. Aplikator rekonstriiksiyonu ile ilgili calismalarin
ise %61°1 prostat brakiterapisi, %39’u ise jinekolojik brakiterapi ile ilgilidir. Geri kalan az sayidaki ¢aligmalar
ise kalite giivencesi, yanit tahmini ve gercek zamanli izleme gibi daha spesifik alanlara dagildig:
goriilmektedir. Caligmalarin nerdeyse tamamu jinekolojik ve prostat brakiterapisi temelli olmakla beraber,
caligmalara konu olan kullanilmis goriintiileme modaliteleri ise jinekolojik brakiterapi tarafinda bilgisayarl
tomografi (BT) ve manyetik rezonans goriintilleme (MR), prostat brakiterapisi tarafinda ise trans rektal
ultrason (TRUS)’ da yogunlagmistir.

YZ’nin, 6zellikle goriintiileme siire¢lerinde belirgin bir doniisiim yarattig1 goriilmiistiir. U-Net ve farkli
versiyonlar1 ile benzeri derin 6grenme modelleri hem hedef hacimlerin hem de risk altindaki organlarin
segmentasyonu saniyeler i¢inde ve yiliksek dogrulukla gergeklestirilebilmis; rejistirasyon uygulamalarinda ise
deformasyon farklarin1 yakalamada klasik yontemlere kiyasla daha kararli sonuclar elde edilmistir. Gorlintii
kalitesini artirmaya yonelik metal artefakt azaltma, ¢Oziiniirlik iyilestirme ve sentetik MRI iiretimi gibi
gorevlerde de YZ’nin 6nemli katkilar sundugu goriilmiistiir. Jinekolojik ve prostat brakiterapisi 6n planlama
caligmalarinda Ozellikle aplikator se¢imi, uterus deformasyonunun tahmini ve tohum/igne dagiliminin
tahminlenmesine yonelik modeller 6ne ¢ikmistir. Tedavi planlamasi ile ilgili calismalarda ise YZ modelleri
Monte Carlo tabanli doz hesaplamalarini ¢cok daha hizli gergeklestirebilmis ve doz-voliim histogrami (DVH)
tahminlerinde %1-3 hata ile klinik kabul diizeyinde performans sergilemistir. Aplikatér ve igne yeniden
yapilandirilmasi ile ilgili yapilan ¢aligmalarda BT, MR ve TRUS {izerinde milimetre alt1 hassasiyetle otomatik
dijitallestirme saglanmis ve manuel is yiikiinlii 6nemli 6l¢iide azaltilabilecegi gosterilmistir.

Genel olarak yapilmis olan ¢alismalar ile YZ’ nin, brakiterapinin hiz, dogruluk ve standardizasyon
gerektiren pek cok asamasinda klinik is akisin1 anlamli bigimde iyilestirme potansiyeline sahip oldugu
gosterilmistir.

Anahtar Kelimeler: Brakiterapi, Yapay Zeka, Derin Ogrenme

288



2 O Ulusal Medikc'ﬂﬂ\@)
@

Fizik Kongresk ) &

6-9 Kasim 2025

Pine Bay Holiday Resort, Kusadasi / AYDIN / % A

The Role of Artificial Intelligence in Brachytherapy

Kerem Duruer!
"Eskisehir Osmangazi University, Faculty of Medicine, Department of Radiation Oncology

Abstract

Brachytherapy is a complex modality that requires the coordinated, time-critical collaboration of
multiple professional groups and demands substantial clinical expertise. Owing to its learning capability and
ability to rapidly execute complex tasks, artificial intelligence (Al) has increasingly been integrated into
various components of brachytherapy workflows. In this study, the current and emerging applications of Al
technologies in brachytherapy were comprehensively investigated. Based on an extensive literature review,
Al applications were categorized into seven principal stages of the brachytherapy workflow: imaging, pre-
planning, treatment planning, applicator reconstruction, quality assurance, outcome prediction, and real-time
monitoring.

Approximately 43% of the reviewed studies focused on imaging, 24% on planning, 25% on applicator
reconstruction, and 8% on other applications. Among imaging-related studies, 70% addressed segmentation
and 30% addressed image registration. Within the planning category, 69% of the work pertained to treatment
planning, while 31% focused on pre-planning. Studies on applicator reconstruction consisted of 61% prostate
brachytherapy and 39% gynecologic brachytherapy. The remaining small portion of the literature included
more specialized applications such as quality assurance, outcome prediction, and real-time monitoring.
Although nearly all studies were centered on gynecologic or prostate brachytherapy, the imaging modalities
employed varied: computed tomography (CT) and magnetic resonance imaging (MRI) predominated on the
gynecologic side, whereas transrectal ultrasound (TRUS) was the primary modality for prostate
brachytherapy.

Al was found to have a particularly transformative impact on the imaging components of the workflow.
Deep learning architectures such as U-Net and its variants enabled rapid and highly accurate segmentation of
target volumes and organs at risk. Al-based registration methods achieved more stable performance than
classical approaches, particularly in capturing deformable anatomical variations. Furthermore, Al contributed
significantly to image quality enhancement tasks, including metal artifact reduction, resolution improvement,
and the generation of synthetic MRI. In pre-planning for gynecologic and prostate brachytherapy, Al-based
models were especially effective in applicator selection, predicting uterine deformation, and estimating
seed/needle distribution. In treatment planning, Al models were able to perform Monte Carlo—based dose
calculations considerably faster than traditional algorithms, and predicted dose—volume histograms (DVHs)
with clinically acceptable accuracy, typically within 1-3% error. Studies focusing on applicator and needle
reconstruction demonstrated that CT, MRI, and TRUS images can be automatically digitized with sub-
millimetres precision, substantially reducing manual workload.

Overall, the reviewed literature demonstrates that Al has the potential to substantially enhance the
brachytherapy workflow by improving speed, accuracy, and standardization across multiple stages of the
treatment process.

Keywords: Brachytherapy, Artificial Intelligence, Deep Learning
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HDR Brakiterapide MRI Tabanli Planlama Yaklagimi

Yusuf Ziya HAZERAL'
'Ege Universitesi, T1p Fakiiltesi, Radyasyon Onkolojisi Anabilim Dal1

Ozet

Yiiksek Doz Hizli (HDR) brakiterapi, serviks kanseri tedavisinde lokal kontrolii saglamak amaciyla
uygulanan, ¢ok asamali ve hassasiyet gerektiren bir stirectir. Geleneksel Bilgisayarli Tomografi (CT) tabanh
planlama ile Manyetik Rezonans Goriintiilleme (MRI) rehberligindeki "Goriintii Rehberliginde Adaptif
Brakiterapi" (IGABT) yontemlerinin teknik ve klinik agidan karsilastirmali analizini sunmaktir. Literatiir
taramasi ve giincel kilavuzlar (GEC-ESTRO, ICRU 89, EMBRACE-II) 1s18inda yapilan degerlendirmede;
MRTI’1n iistiin yumusak doku kontrasti sayesinde hedef hacim (HR-CTV) ve risk altindaki organlarin (OAR)
tanimlanmasinda CT’ye kiyasla belirgin bir avantaj sagladign goriilmektedir. Ozellikle aplikator
implantasyonu sonrast gelisen anatomik degisimlerin yoOnetilmesinde ve doz eskalasyon stratejilerinin
uygulanmasinda MRI tabanli adaptif planlamanin kritik roli vurgulanmaktadir. Ayrica, aplikator
materyallerinin (titanyum vs. plastik) goriintii kalitesine etkisi, rekonstriiksiyon belirsizlikleri ve TG-43/TG-
186 doz hesaplama algoritmalarinin entegrasyonu teknik zorluklar baglaminda ele alinmistir. Sonug olarak,
MRI rehberliginde uygulanan adaptif brakiterapinin, toksisite oranlarini diisiiriirken (%8-9 Grade 3-5 gec
toksisite) lokal kontrol oranlarint %93 seviyelerine yiikselttigi ve modern brakiterapi pratiginde altin standart
haline geldigi ortaya konulmustur.

Anahtar Kelimeler: HDR Brakiterapi, MRI Tabanli Planlama, IGABT, Serviks Kanseri, Dozimetrik
Optimizasyon.

Yiiksek Doz Hizli (HDR) brakiterapi siireci; hasta degerlendirmesi, klinik muayene, aplikator
yerlestirme, goriintiileme, hedef hacim ve risk altindaki organlarin (OAR) konturlanmasi, doz optimizasyonu,
planlama, kalite kontrol, tedavi uygulamasi ve takip gibi birbirini izleyen ¢oklu agamalar1 kapsamaktadir. Bu
siiregte, Manyetik Rezonans Goriintiileme (MRI) tabanli planlamanin éneminin en belirgin oldugu asama,
hedef yapilarin ve kritik organlarin konturlanmasidir. T2-agirlikli pelvik MRI, Bilgisayarli Tomografiye (CT)
kiyasla sagladig1 iistiin yumusak doku kontrasti sayesinde; uterus, serviks, mesane ve rektum gibi anatomik
yapilarin ¢cok daha hassas ve dogru bir sekilde tanimlanmasina olanak tanimaktadir (Prisciandaro ve ark.,
2022; Potter ve ark., 2006; GEC-ESTRO Handbook, 2023). GEC-ESTRO/EMBRACE kilavuzlari, serviks
kanseri tedavisinde standart haline gelen MRI tabanli Goriintii Rehberliginde Adaptif Brakiterapi’nin
(IGABT); dogru hacim tanimlamasi ve kritik organlarin korunmasi konusunda belirgin avantajlar sundugunu
ortaya koymustur (Tan ve ark., 2023; EMBRACE Working Group, 2005). Sonug olarak, CT kesitlerinde ayirt
edilmesi giic olan yapilar MRI rehberliginde giivenilir bir bicimde tanimlanabilmekte; bu durum dogru
konturlama, doz eskalasyon stratejileri ve OAR yoOnetimi agisindan kritik bir katki saglamaktadir (AAPM TG-
303, 2022; EMBRACE 11, 2020).
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Standart CT tabanli brakiterapi uygulamalarinda MRI kullanim1 tamamen diglanmamakla birlikte, bu
goriintiileme modalitesi genellikle aplikator yerlestirilmeden 6nce kullanilmaktadir. Ancak, aplikator
implantasyonunu takiben hem hedef hacim hem de kritik organlarin konumunda ve geometrisinde belirgin
degisiklikler meydana gelmektedir (AAPM TG-303, 2022; Potter ve ark., 2006). iki farkli goriintii seti
arasinda aplikator varligina bagli olarak olusan bu ciddi anatomik farkliliklar nedeniyle, rijit (rigid) ve deforme
edilebilir (deformable) goriintii ¢akistirma (registrasyon) yontemleri yetersiz kalmaktadir (ICRU Report 89,
2016). Dolayistyla, hassas bir HDR brakiterapi planlamasi i¢in aplikator yerlestirildikten sonra, aplikator hasta
tizerindeyken (insitu) alinan MRI goériintiilerinin kullanilmas1 gerekliligi ortaya ¢ikmaktadir (EMBRACE-],
2021; Tan et al., 2023).

CT tabanl brakiterapi uygulamalarinda hedef hacim tanimlamasi, esas olarak CT kesitleri ve klinik
muayene bulgularina dayandirilmaktadir. Ancak CT goriintiilemesinde yumusak doku kontrastinin diisiik
olmas1 nedeniyle, tiimor siirlar1 kesin olarak ayirt edilememekte ve hedef hacimler genellikle daha genis
giivenlik marjlart ile, tahmini olarak olusturulmaktadir (Potter ve ark., 2006; ICRU Report 89, 2016).
Tanimlama siirecinde; anatomik referans noktalari, jinekolojik muayene bulgulari, ultrasonografi verileri ve
onceki tan1 ya da simiilasyon asamalarina ait MRI ve ultrason raporlari biitlinciil bir yaklagimla degerlendirilir.
Bu yontemde doz dagilimi ve tanimlamasi, geleneksel olarak A noktast referans alinarak
gerceklestirilmektedir. GEC-ESTRO ve ICRU 89 kilavuzlari, miimkiin olan her durumda MR rehberliginde
konturlama yapilmasin;; MR erisiminin kisith oldugu durumlarda ise CT goriintiilerinin mutlaka klinik
muayene bulgular ile desteklenerek kullanilmasini 6nermektedir (AAPM TG-303, 2022; EMBRACE-I,
2021; Tan ve ark., 2023).

MRI tabanli brakiterapi siirecinde; hasta transfer iiniteleri, aplikator setleri ve in vivo dozimetri
ekipmanlar1 dahil olmak tizere kullanilan tiim donanimin MRI uyumlu olmasi gerekmektedir (AAPM TG-
303, 2022; ICRU Report 89, 2016). Ancak, in vivo dozimetrelerin metal bilesenler icermesi nedeniyle MR
goriintiileme esnasinda ¢ikarilmasi zorunlulugu, bu asamada dozimetrik takibi ve dogrulama siireclerini teknik
olarak zorlastirmaktadir (Potter ve ark., 2006; EMBRACE-I, 2021). Klinik uygulamada, plastik alagimli
(polimer/kompozit) ve metal igerikli olmak tizere iki temel MRI uyumlu aplikator tiirii mevcuttur (AAPM
TG-303, 2022; Potter ve ark., 2006). Metal icerikli aplikatorlerin kullanildigi durumlarda, CT kesitlerinde
olusan ciddi metal artefaktlari; hem aplikatoriin rekonstriiksiyonunu hem de hedef hacim ve kritik organlarin
dogru konturlanmasini giiclestirmektedir (ICRU Report 89, 2016). Buna karsin, plastik yapidaki aplikatorler
kullanildiginda, CT goriintiilerinde aplikator tanimlamasi artefaktan etkilenmeksizin, ¢ok daha net ve
giivenilir bir bicimde gerceklestirilebilmektedir (EMBRACE-I, 2021).

MRI tabanl brakiterapi uygulamalarinda, kullanilan aplikatoér materyalinin fiziksel 6zellikleri goriintii
kalitesini ve rekonstriiksiyon hassasiyetini dogrudan etkilemektedir. Plastik ve titanyum gibi konvansiyonel
materyallerin MR ortaminda sinyal liretmemesi nedeniyle, aplikatoriin kapladigi hacim goriintiilerde "sinyal
boslugu" (signal void) olarak izlenmektedir (Miranda et al., 2015). Ozellikle titanyum bazli aplikatorlerin
distal u¢ kisimlarinda, "ballooning" (balonlagsma) olarak adlandirilan manyetik duyarlilik artefaktlari meydana
gelmektedir. 3 Tesla (3T) MRI cihazlarinda daha belirgin hale gelen ve 7 mm’ye kadar genisleyebilen bu
artefaktlar; brakiterapinin dogas1 geregi var olan dik doz gradyanlar1 (%5—10/mm) g6z 6niine alindiginda,
planlama ve doz uygulama dogrulugunu 6nemli 6lgiide etkileme potansiyeline sahiptir. Buna ek olarak,
interstisyel igne kanallarinin liimen ¢apinin ¢ok dar olmasi, kanal i¢ine yerlestirilen isaretleyicilere (dummy)
ragmen sinyal yogunlugunun yetersiz kalmasina ve goriintiilemenin giiglesmesine neden olmaktadir (AAPM
TG-303, 2022; EMBRACE-I, 2021).
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HDR brakiterapi pratiginde kullanilan MRI uyumlu aplikatorler, materyal 6zelliklerine gore titanyum
ve plastik alasimli olmak iizere iki temel kategoride siniflandirilmaktadir (AAPM TG-303, 2022; Miranda ve
ark., 2015). Titanyum alagimli aplikatdrler, mekanik dayanikliliklar1 ve uzun kullanim 6miirleri ile avantaj
saglasalar da; oOzellikle 3T MR cihazlarinda yarattiklar1 belirgin  duyarlilik artefaktlart ve CT
goriintiilemelerinde neden olduklari metal kaynakli bozulmalar (metal-artifact) nedeniyle klinik kullanimda
bazi kisitliliklar yaratmaktadir. Buna karsin, plastik alagimli aplikatorler tekrarlayan sterilizasyon dongiilerine
bagli olarak daha sinirl1 bir kullanim émriine sahip olmakla birlikte; CT kesitlerinde artefakt olusturmamalari
ve aplikator rekonstriiksiyonunda sagladiklar1 yiiksek geometrik dogruluk nedeniyle tercih sebebi olmaktadir
(ICRU Report 89, 2016; EMBRACE-I, 2021).

HDR brakiterapi planlamasinda aplikatér rekonstriiksiyonu, aplikatér in situ (implantasyon)
pozisyondayken elde edilen CT ve MRI goriintii setlerinin fiizyonu yoluyla gergeklestirilmektedir. Bu goriintii
eslestirme isleminde, rijit kemik anatomisi yerine aplikatdr geometrisinin referans alinmasi mutlak bir
gerekliliktir (AAPM TG-303, 2022; ICRU Report 89, 2016). Klinik uygulamada rekonstriiksiyon yontemleri
temel olarak iki kategoride degerlendirilir: Kiitiiphane tabanli rekonstriiksiyon; rijit aplikatorler icin
dogrulanmis 3D modellerin kullanimi sayesinde hizli, standart ve kullanici hatasina daha az acik bir yaklagim
sunmaktadir. Dogrudan rekonstriiksiyon yontemi ise, kateterlerin CT veya MRI kesitleri {izerinde manuel
olarak konturlanmasi esasina dayanir. MRI tabanli dogrudan rekonstriiksiyonda goriintirliigli artirmak
amaciyla, kateter limenleri MRI sinyali {ireten kontrast ajanlar (6rnegin tuzlu su veya CuSOs ¢ozeltisi) ile
doldurulabilmektedir. Brakiterapinin dik doz diislisii (fall-off) karakteristigi nedeniyle, rekonstriiksiyon
asamasindaki kiiclik konumsal hatalar dahi hedef hacim ve OAR larda ciddi dozimetrik sapmalara yol
acabilmektedir. Bu baglamda, tedavi dogrulugunun saglanabilmesi i¢in toplam rekonstriiksiyon belirsizliginin
<2 mm siirlari i¢erisinde tutulmasi 6nerilmektedir (Potter ve ark., 2006; EMBRACE-I, 2021).

HDR brakiterapi tedavi planlamasinda, yumusak doku c¢oziiniirliiglindeki basaris1 nedeniyle T2
agirlikli (T2w) sekanslar MRI goriintiileme icin altin standart olarak kabul edilmektedir. Bu protokollerde
kesit kalinliginin <5 mm olmas1 Onerilmekte; goriintii oryantasyonunun ise standart anatomik diizlemler
(transvers, sagittal, koronal) yerine, aplikator geometrisine hizalanmis "para-transvers', 'para-koronal' ve 'para-
sagittal' diizlemlerde yapilandirilmasi gerekmektedir (AAPM TG-303, 2022; EMBRACE-L, 2021). Ote
yandan, titanyum alagimli aplikatorler MRI uyumlu olsalar dahi, 6zellikle yiiksek manyetik alan giicline sahip
3T MRI sistemlerinde manyetik duyarlilik artefaktlarma yol acabilmektedir. Bu durum hem aplikator
sinirlarinin tanimlanmasini hem de hedef hacim konturlama hassasiyetini olumsuz yonde etkilemektedir
(Miranda et al., 2015).

HDR brakiterapi klinik pratiginde doz hesaplamalari i¢in en yaygin bagvurulan yontem AAPM TG-43
formalizmidir. Bu algoritma hem CT hem de MRI tabanli planlama siireglerine entegre edilebilmekte ve
hesaplamalari homojen su ortami varsayimina dayandirmaktadir; ancak bu yaklasim doku heterojenitelerini,
implant materyallerinin etkisini ve hava kavitelerini ihmal etmektedir (AAPM TG-43, 2004). Buna karsin,
heterojenite diizeltmelerini dikkate alan daha gelismis bir yaklasim olarak AAPM TG-186 algoritmasi
gelistirilmistir. Ancak bu algoritma, MRI goriintiilerinin fiziksel elektron yogunlugu bilgisi (Hounsfield Unit
- HU) icermemesi nedeniyle, sadece MRI rehberligindeki brakiterapi siire¢lerinde dogrudan
uygulanamamaktadir. Dolayisiyla, TG-186 protokoliiniin etkin bir sekilde kullanilabilmesi i¢cin CT-MRI
goriintii flizyonu veya sentetik CT (pseudo-CT) teknikleri araciligiyla HU atamasi yapilmasi gerekliligi
dogmaktadir (AAPM TG-186, 2012; AAPM TG-303, 2022).
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Adaptif brakiterapi protokollerinde, yiiksek dozlarin hedefe hassasiyetle iletilebilmesi icin CT ve MRI
goriintii flizyonu kritik bir rol tistlenmektedir. Bu hibrit yaklasim; MRI goriintiillemenin iistiin yumusak doku
kontrast1 sayesinde sagladigi miikemmel tiimor tanimlama yetenegi ile CT nin aplikator rekonstriiksiyonu ve
dozimetri konusundaki giivenilirligini birlestirmektedir (AAPM TG-303, 2022; EMBRACE-I, 2021). Ancak
gorlintli eslestirme (fiizyon) isleminin hatali yapilmasi, hem hedef hacim hem de kritik organlarin doz
dagiliminda ciddi sapmalara yol agma riski tasimaktadir. Bu nedenle fiizyon siirecinde kemik yapilar yerine
aplikatdr geometrisinin referans alinmasi ve rekonstriiksiyon belirsizliginin minimum diizeyde tutulmasi
gerekmektedir (ICRU Report 89, 2016; Potter ve ark., 20006).

HDR brakiterapi planlamasinda OAR hacimlerinin dogru tanimlanmasi, 6zellikle D2cc gibi doz-hacim
parametrelerinin hesaplanmasi a¢isindan hayati 6neme sahiptir. MRI goriintiileme, sundugu yiiksek yumusak
doku kontrast1 ve anatomik detay ¢o6ziiniirliigii sayesinde; mesane, rektum, sigmoid ve ince bagirsak gibi kritik
yapilarin sinirlarini CT’ye kiyasla ¢ok daha hassas bir sekilde belirlemeye olanak tanimaktadir (Wong ve ark.,
2020; EMBRACE-I, 2021). CT tabanli konturlamada yumusak doku kontrastinin diisiikligii, organ
sinirlarinin belirsizligine ve tahmine dayali ¢izimlere neden olmakta; bu durum ise doz hesaplamalarinda
sapmalara yol agcabilmektedir. Buna karsin MRI tabanli planlama, konturlama dogrulugunu artirarak ytiksek
doz bolgelerinin hedef hacimde yogunlastiriimasini ve OAR korunumunun daha etkin saglanmasini miimkiin
kilmaktadir (AAPM TG-303, 2022; ICRU Report 89, 2016).

Tedavi basarist agisindan HDR brakiterapi planlamasinda; Gross Tumor Volume (GTV), High-Risk
Clinical Target Volume (HR-CTV) ve Intermediate-Risk Clinical Target Volume (IR-CTV) gibi hedef
hacimlerin dogru tanimlanmasi kritik bir basamaktir. MRI, CT kesitlerine kiyasla sagladig iistiin anatomik
detay sayesinde, bu hacimlerin yiiksek hassasiyetle konturlanmasina imkan vermektedir (Wong ve ark., 2020;
EMBRACE-I, 2021). MRI tabanli planlamada HR-CTV ve IR-CTV nin kesin sinirlarla belirlenmesi; adaptif
brakiterapi stratejilerinde lokal kontrol oranlarini artirirken tedaviye bagli toksisiteyi azaltan en Onemli
faktorlerden biridir (AAPM TG-303, 2022; ICRU Report 89, 2016).

HDR brakiterapi tedavisinde 'adaptif' yaklasimin temel gerekgesi, tedavi siiresince tiimoriin sekil ve
konumunda meydana gelen dinamik degisikliklerdir. Tan1 anindan baslayarak pre-brakiterapi MRI ve takip
eden fraksiyon goriintiileri incelendiginde; GTV hacminin tedavi siirecinde belirgin bir regresyon gosterdigi
ve anatomik iligkilerin degistigi gdzlemlenmektedir (Zoltan ve ark., 2025). Zoltan ve ark. yaptig1 ¢caligmada
timor hacmindeki kiiciilme 6zellikle ilk fraksiyon sonrasinda dramatik bir hizla gergeklesmekte, sonraki
fraksiyonlarda ise daha yavas bir seyir izlemektedir. Sabit (statik) planlama yaklagimlari bu anatomik
degisimleri telafi etmekte yetersiz kalarak doz dagiliminda ciddi sapmalara neden olabilmektedir. Bu
baglamda adaptif brakiterapi; MRI'1n yliksek yumusak doku kontrast1 avantajin1 kullanarak her fraksiyonda
GTV, HR-CTV ve IR-CTV hacimlerini giincel anatomik duruma gore yeniden tanimlamakta, bdylece
toksisiteyi minimize ederken dozun hedefe odaklanmasini garanti altina almaktadir (AAPM TG-303, 2022;
EMBRACE-I, 2021).
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Adaptif brakiterapi uygulamalarinda altin standart yaklagim, her tedavi fraksiyonunda yenilenen MRI
tabanli planlamadir. EMBRACE-II protokolii ve giincel uluslararasi kilavuzlar; 6zellikle timor regresyon
hizinin yiiksek oldugu, biiylik veya diizensiz geometriye sahip tiimdrlerde ve OAR pozisyonlarinin
degiskenlik gosterdigi olgularda, her fraksiyonda tekrarlanan MRI goriintiilemesini Onermektedir
(EMBRACE-II, 2020; AAPM TG-303, 2022). Bu dinamik yaklasim, anatomik varyasyonlarin anlik olarak
tespit edilmesini saglayarak doz dagiliminin hedef hacme maksimum hassasiyetle odaklanmasina ve
toksisitenin minimize edilmesine olanak tanimaktadir. Klinik pratikte ise lojistik kisitliliklar nedeniyle bazi
merkezlerde tedavi siiresince yalnizca tek bir MRI planlamast uygulanabilmektedir. Bu yaklagim
uygulanabilir olmakla birlikte, tedavi siirecindeki anatomik degisikliklerin gézden kagirilmasi ve doz
dagiliminda sapmalar olusmasi riskini beraberinde getirmektedir. Tek planlama yaklasimi, ancak kiiciik ve
sinirlari iyi belirlenmis tiimorlerde veya anatomik degisimin minimal diizeyde oldugu secilmis olgularda kabul
edilebilir sinirlar dahilindedir; ancak optimal tedavi standardini temsil etmemektedir (ICRU Report 89, 2016;
EMBRACE-I, 2021).

GEC-ESTRO (2005), ICRU 89 (2013) ve EMBRACE-II (2021) protokollerinin karsilastirmali analizi,
HDR brakiterapide hedef hacim tanimlar1 ve kritik organ doz sinirlamalarinda gerceklesen 6nemli bir evrimi
ortaya koymaktadir. Glincel EMBRACE-II protokolii, HR-CTV i¢in hedeflenen D90 degerini 87 Gy
seviyesine ylkselterek hedef hacimde doz eskalasyonu saglarken; es zamanl olarak kritik organlar i¢in doz
smirlarini daha siki kriterlere (mesane <80 Gy, rektum <65 Gy, sigmoid <70 Gy) baglamistir. Bu dozimetrik
tyilestirme, MRI tabanli planlamanin sagladig: yiiksek anatomik dogruluk sayesinde miimkiin olmus ve bu
durum dogrudan klinik sonuglara yansimistir: Calismalarda 3 yillik lokal kontrol oraninin %93’e ulastigi,
buna karsilik Grade 3—5 geg¢ toksisite oranlarinin %8-9 seviyelerine geriledigi bildirilmistir (EMBRACE-II,
2020; EMBRACE-I, 2021; AAPM TG-303, 2022). Elde edilen bu veriler, IGABT nin serviks kanseri
yonetiminde uluslararasi bakim standardi haline geldigini kanitlar niteliktedir.

Sonug olarak, HDR brakiterapi pratiginde MRI goriintiillemeye duyulan gereksinim, radyoterapinin
dogas1 geregi ihtiya¢ duydugu adaptif yonetim zorunlulugundan kaynaklanmaktadir. MRI, iistiin yumusak
doku kontrast1 sayesinde tiimor regresyon siirecinin anlik takibine olanak tanimakta, hedef hacim sinirlarini
yiiksek hassasiyetle belirlemekte ve kritik organlarin korunmasini saglayarak doz optimizasyonunu
kisisellestirilmis ve etkin bir hale getirmektedir.
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MRI-Based Planning Approach in HDR Brachytherapy

Yusuf Ziya HAZERAL!
'Ege University, Faculty of Medicine, Department of Radiation Oncology

Abstract

High-Dose-Rate (HDR) brachytherapy is a multi-stage, precision-demanding process applied to
ensure local control in the treatment of cervical cancer. The aim of this study is to present a comparative
technical and clinical analysis of traditional Computed Tomography (CT)-based planning versus Magnetic
Resonance Imaging (MRI)-guided "Image-Guided Adaptive Brachytherapy" (IGABT). Based on a review of
the literature and current guidelines (GEC-ESTRO, ICRU 89, EMBRACE-II), the evaluation indicates that
MRI provides a distinct advantage over CT in defining the high-risk clinical target volume (HR-CTV) and
organs at risk (OARs) due to its superior soft-tissue contrast. The critical role of MRI-based adaptive planning
is particularly emphasized in managing anatomical changes following applicator implantation and in
implementing dose escalation strategies. Furthermore, technical challenges regarding the impact of applicator
materials (titanium vs. plastic) on image quality, reconstruction uncertainties, and the integration of TG-
43/TG-186 dose calculation algorithms are discussed. In conclusion, it is demonstrated that MRI-guided
adaptive brachytherapy has become the gold standard in modern brachytherapy practice, increasing local
control rates to levels of 93% while reducing toxicity rates (8—9% Grade 3-5 late toxicity).

Keywords: HDR Brachytherapy, MRI-Based Planning, IGABT, Cervical Cancer, Dosimetric Optimization.

The High-Dose-Rate (HDR) brachytherapy process encompasses multiple sequential stages, including
patient assessment, clinical examination, applicator placement, imaging, contouring of target volumes and
organs at risk (OARs), dose optimization, planning, quality control, treatment delivery, and follow-up. In this
process, the stage where the importance of Magnetic Resonance Imaging (MRI)-based planning is most
pronounced is the contouring of target structures and critical organs. Thanks to the superior soft-tissue contrast
it provides compared to Computed Tomography (CT), T2-weighted pelvic MRI allows for a much more
precise and accurate definition of anatomical structures such as the uterus, cervix, bladder, and rectum
(Prisciandaro et al., 2022; Potter et al., 2006; GEC-ESTRO Handbook, 2023). The GEC-ESTRO/EMBRACE
guidelines have demonstrated that MRI-based Image-Guided Adaptive Brachytherapy (IGABT), which has
become the standard in cervical cancer treatment, offers significant advantages in accurate volume definition
and the sparing of critical organs (Tan et al., 2023; EMBRACE Working Group, 2005). Consequently,
structures that are difficult to distinguish in CT slices can be reliably defined under MRI guidance; this makes
a critical contribution in terms of accurate contouring, dose escalation strategies, and OAR management
(AAPM TG-303, 2022; EMBRACE II, 2020).
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While the use of MRI is not entirely excluded in standard CT-based brachytherapy applications, this
imaging modality is generally utilized before applicator placement. However, following applicator
implantation, significant changes occur in the position and geometry of both the target volume and critical
organs (AAPM TG-303, 2022; Potter et al., 2006). Due to these substantial anatomical differences arising
from the presence of the applicator between two different image sets, rigid and deformable image registration
methods remain insufficient (ICRU Report 89, 2016). Therefore, for precise HDR brachytherapy planning,
the necessity arises to use MRI images acquired after the applicator is placed, while the applicator is in situ
(EMBRACE-I, 2021; Tan et al., 2023).

In CT-based brachytherapy applications, target volume definition is primarily based on CT slices and
clinical examination findings. However, due to the low soft-tissue contrast in CT imaging, tumor boundaries
cannot be distinguished with certainty, and target volumes are generally created estimatively with wider safety
margins (Potter et al., 2006; ICRU Report 89, 2016). During the definition process, anatomical reference
points, gynecological examination findings, ultrasonography data, and MRI and ultrasound reports from
previous diagnostic or simulation stages are evaluated with a holistic approach. In this method, dose
distribution and definition are traditionally performed with reference to Point A. GEC-ESTRO and ICRU 89
guidelines recommend performing MR-guided contouring whenever possible; in cases where MR access is
limited, they suggest that CT images must be used in conjunction with clinical examination findings (AAPM
TG-303,2022; EMBRACE-], 2021; Tan et al., 2023).

In the MRI-based brachytherapy process, all hardware used, including patient transfer units, applicator
sets, and in vivo dosimetry equipment, must be MRI-compatible (AAPM TG-303, 2022; ICRU Report 89,
2016). However, the necessity to remove in vivo dosimeters during MR imaging due to their metal
components technically complicates dosimetric tracking and verification processes at this stage (Potter et al.,
2006; EMBRACE-I, 2021). In clinical practice, there are two main types of MRI-compatible applicators:
plastic alloy (polymer/composite) and metal-containing (AAPM TG-303, 2022; Pétter et al., 2006). In cases
where metal-containing applicators are used, severe metal artifacts occurring in CT slices make both the
reconstruction of the applicator and the accurate contouring of target volumes and critical organs difficult
(ICRU Report 89, 2016). Conversely, when plastic applicators are used, applicator definition in CT images
can be performed much more clearly and reliably without being affected by artifacts (EMBRACE-I, 2021).

In MRI-based brachytherapy applications, the physical properties of the applicator material used
directly affect image quality and reconstruction precision. Since conventional materials such as plastic and
titanium do not generate signals in the MR environment, the volume occupied by the applicator is observed
as a "signal void" in the images (Miranda et al., 2015). Particularly at the distal tips of titanium-based
applicators, magnetic susceptibility artifacts called "ballooning" occur. These artifacts, which become more
pronounced in 3 Tesla (3T) MRI devices and can expand up to 7 mm, have the potential to significantly affect
planning and dose delivery accuracy, considering the steep dose gradients (5-10%/mm) inherent in
brachytherapy. Additionally, the very narrow lumen diameter of interstitial needle channels causes insufficient
signal intensity despite the markers (dummies) placed inside the channel, making imaging difficult (AAPM
TG-303,2022; EMBRACE-], 2021).
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MRI-compatible applicators used in HDR brachytherapy practice are classified into two main
categories according to material properties: titanium and plastic alloy (AAPM TG-303, 2022; Miranda et al.,
2015). Although titanium alloy applicators provide advantages with their mechanical durability and long
service life, they create certain limitations in clinical use due to significant susceptibility artifacts created
especially in 3T MR devices and metal-induced distortions (metal-artifacts) caused in CT imaging. On the
other hand, although plastic alloy applicators have a more limited-service life due to repeated sterilization
cycles, they are preferred because they do not create artifacts in CT slices and provide high geometric accuracy
in applicator reconstruction (ICRU Report 89, 2016; EMBRACE-I, 2021).

In HDR brachytherapy planning, applicator reconstruction is performed via the fusion of CT and MRI
image sets obtained while the applicator is in the in situ (implantation) position. In this image matching
process, it is an absolute necessity to take the applicator geometry as a reference instead of rigid bone anatomy
(AAPM TG-303, 2022; ICRU Report 89, 2016). In clinical practice, reconstruction methods are evaluated in
two main categories: Library-based reconstruction offers a fast, standard approach less prone to user error
through the use of validated 3D models for rigid applicators. The direct reconstruction method relies on the
manual contouring of catheters on CT or MRI slices. To increase visibility in MRI-based direct reconstruction,
catheter lumens can be filled with contrast agents that generate MRI signals (e.g., saline or CuSOas solution).
Due to the steep dose fall-off characteristic of brachytherapy, even small positional errors during the
reconstruction phase can lead to serious dosimetric deviations in the target volume and OARs. In this context,
it is recommended to keep the total reconstruction uncertainty within <2 mm limits to ensure treatment
accuracy (Potter et al., 2006; EMBRACE-I, 2021).

In HDR brachytherapy treatment planning, T2-weighted (T2w) sequences are accepted as the gold
standard for MRI imaging due to their success in soft-tissue resolution. In these protocols, it is recommended
that the slice thickness be <5 mm; image orientation should be configured in 'para-transverse', 'para-coronal’,
and 'para-sagittal' planes aligned to the applicator geometry rather than standard anatomical planes (transverse,
sagittal, coronal) (AAPM TG-303, 2022; EMBRACE-I, 2021). On the other hand, even if titanium alloy
applicators are MRI compatible, they can cause magnetic susceptibility artifacts, especially in 3T MRI systems
with high magnetic field strength. This situation negatively affects both the definition of applicator boundaries
and target volume contouring precision (Miranda et al., 2015).

The most commonly used method for dose calculations in HDR brachytherapy clinical practice is the
AAPM TG-43 formalism. This algorithm can be integrated into both CT and MRI-based planning processes
and bases calculations on the assumption of a homogeneous water medium; however, this approach neglects
tissue heterogeneities, the effect of implant materials, and air cavities (AAPM TG-43, 2004). Conversely, the
AAPM TG-186 algorithm has been developed as a more advanced approach that takes heterogeneity
corrections into account. However, since MRI images do not contain physical electron density information
(Hounsfield Unit - HU), this algorithm cannot be applied directly in MRI-guided brachytherapy processes
alone. Therefore, to use the TG-186 protocol effectively, the necessity arises to perform HU assignment via
CT-MRI image fusion or synthetic CT (pseudo-CT) techniques (AAPM TG-186, 2012; AAPM TG-303,
2022).
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In adaptive brachytherapy protocols, CT and MRI image fusion plays a critical role in delivering high
doses to the target with precision. This hybrid approach combines the excellent tumor definition capability
provided by MRI imaging thanks to superior soft-tissue contrast with the reliability of CT in applicator
reconstruction and dosimetry (AAPM TG-303, 2022; EMBRACE-I, 2021). However, incorrect performance
of the image matching (fusion) process carries the risk of causing serious deviations in the dose distribution
of both the target volume and critical organs. For this reason, it is required to reference the applicator geometry
instead of bone structures during the fusion process and to keep reconstruction uncertainty at a minimum level
(ICRU Report 89, 2016; Potter et al., 2006).

Correct definition of OAR volumes in HDR brachytherapy planning is of vital importance, especially
for the calculation of dose-volume parameters such as D2cc. Thanks to the high soft-tissue contrast and
anatomical detail resolution it offers, MRI imaging allows for the determination of the boundaries of critical
structures such as the bladder, rectum, sigmoid, and small intestine much more precisely compared to CT
(Wong et al., 2020; EMBRACE-I, 2021). The low soft-tissue contrast in CT-based contouring causes
uncertainty in organ boundaries and estimation-based drawings; this situation can lead to deviations in dose
calculations. In contrast, MRI-based planning increases contouring accuracy, making it possible to concentrate
high-dose regions in the target volume and ensure OAR protection more effectively (AAPM TG-303, 2022;
ICRU Report 89, 2016).

In terms of treatment success, accurate definition of target volumes such as Gross Tumor Volume
(GTV), High-Risk Clinical Target Volume (HR-CTV), and Intermediate-Risk Clinical Target Volume (IR-
CTV) is a critical step in HDR brachytherapy planning. MRI allows for the contouring of these volumes with
high precision thanks to the superior anatomical detail it provides compared to CT slices (Wong et al., 2020;
EMBRACE-I, 2021). Determining HR-CTV and IR-CTV with precise boundaries in MRI-based planning is
one of the most important factors that increase local control rates in adaptive brachytherapy strategies while
reducing treatment-related toxicity (AAPM TG-303, 2022; ICRU Report 89, 2016).

The fundamental rationale for the 'adaptive' approach in HDR brachytherapy treatment is the dynamic
changes occurring in the shape and position of the tumor throughout the treatment. When pre-brachytherapy
MRI and subsequent fraction images are examined starting from the time of diagnosis, it is observed that the
GTV volume shows significant regression during the treatment process and anatomical relationships change
(Zoltan et al., 2025). In a study by Zoltan et al., the shrinkage in tumor volume occurs at a dramatic rate,
especially after the first fraction, and follows a slower course in subsequent fractions. Fixed (static) planning
approaches remain insufficient to compensate for these anatomical changes and can cause serious deviations
in dose distribution. In this context, adaptive brachytherapy uses the high soft-tissue contrast advantage of
MRI to redefine GTV, HR-CTV, and IR-CTV volumes according to the current anatomical status in each
fraction, thereby guaranteeing that the dose is focused on the target while minimizing toxicity (AAPM TG-
303, 2022; EMBRACE-I, 2021).
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The gold standard approach in adaptive brachytherapy applications is MRI-based planning renewed at
each treatment fraction. The EMBRACE-II protocol and current international guidelines recommend repeated
MRI imaging at each fraction, especially in cases where the tumor regression rate is high, in tumors with large
or irregular geometry, and where OAR positions show variability (EMBRACE-II, 2020; AAPM TG-303,
2022). This dynamic approach allows for the instantaneous detection of anatomical variations, enabling the
dose distribution to focus on the target volume with maximum precision and allowing for the minimization of
toxicity. In clinical practice, due to logistical limitations, only a single MRI planning may be applied
throughout the treatment in some centers. While this approach is feasible, it brings with it the risk of
overlooking anatomical changes during the treatment process and the occurrence of deviations in dose
distribution. The single planning approach is within acceptable limits only in small and well-defined tumors
or selected cases where anatomical change is minimal; however, it does not represent the optimal standard of
care (ICRU Report 89, 2016; EMBRACE-I, 2021).

Comparative analysis of GEC-ESTRO (2005), ICRU 89 (2013), and EMBRACE-II (2021) protocols
reveals a significant evolution in target volume definitions and critical organ dose constraints in HDR
brachytherapy. The current EMBRACE-II protocol provides dose escalation in the target volume by raising
the targeted D90 value for HR-CTV to the level of 87 Gy; simultaneously, it has tied dose limits for critical
organs to stricter criteria (bladder <80 Gy, rectum <65 Gy, sigmoid <70 Gy). This dosimetric improvement
has been made possible thanks to the high anatomical accuracy provided by MRI-based planning, and this
situation has been directly reflected in clinical outcomes: Studies have reported that the 3-year local control
rate has reached 93%, while Grade 3—5 late toxicity rates have regressed to levels of 8-9% (EMBRACE-II,
2020; EMBRACE-L, 2021; AAPM TG-303, 2022). These obtained data are of a nature to prove that IGABT
has become the international standard of care in cervical cancer management.

In conclusion, the requirement for MRI imaging in HDR brachytherapy practice stems from the
necessity for adaptive management inherent in the nature of radiotherapy. Thanks to its superior soft-tissue
contrast, MRI allows for instantaneous tracking of the tumor regression process, determines target volume
boundaries with high precision, and ensures the protection of critical organs, making dose optimization
personalized and effective.
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Radyoloji Cihazlarinda Kalite Temini ve Klinik Uygulamalardaki Onemi

Ceren Ayrancioglu!

1zmir Tinaztepe Universitesi

OZET

Bu konusma, radyoloji cihazlarinda kalite temini kavramini; tanimi, boyutlari, maliyet boyutu ve klinik
uygulamalara yansimalariyla birlikte biitlinciil bir bakis agisiyla ele almaktadir. Goriintiilemenin etkinligi,
tanisal dogruluk, hasta gilivenligi ve operasyonel siirdiiriilebilirlik agisindan kalite, yalnizca teknik bir
gereklilik degil ayn1 zamanda klinik ve yonetsel bir zorunluluk olarak degerlendirilmektedir. Sunumda,
kalitenin performans, giivenirlik, standartlara uygunluk, servis verebilirlik, ergonomi ve algilanan kalite gibi
temel boyutlari lizerinden, radyoloji pratiginde kaliteye yaklasimin nasil sekillendigi aktarilmaktadir. Ayrica
kalitesizligin gorliniir ve goriinmez maliyetleri ile kalitenin bedeli kavramlar: tartisilarak, yanlis tani, hasta
memnuniyetsizligi, artan hasta dozlari, operasyonel kayiplar ve yasal siireclerin kalite eksikligi ile dogrudan
iligkisi vurgulanmaktadir. Toplam Kalite Yonetimi yaklagimi gercevesinde kalite sistemi, kalite giivencesi
(QA) ve kalite kontrol (QC) siire¢lerinin radyoloji kliniklerindeki yeri agiklanmakta; uluslararasi ve ulusal
gorlintiileme, raporlama, kalite kontrol, giivenlik ve veri yonetimi protokollerinin klinik uygulamalara
entegrasyonu ele alinmaktadir.

Sunumun son boliimiinde beklentilere nasil cevap verilebilecegi kalite komiteleri, egitim siiregleri,
standartlastirilmis klinik is akislart ve performans oOlgiimii basliklar1 altinda degerlendirilmekte; SN1K
yaklagimu ile kalite kavramina sistematik bir perspektif kazandirilmaktadir. Ayrica medikal fizik¢inin kalite
temini ve toplam kalite yonetimi siire¢lerindeki merkezi rolii; protokol gelistirme, cihaz performans izlemi,

doz yonetimi, hata analizi ve siirekli iyilestirme baglaminda 6zetlenmektedir.

Anahtar Kelimeler: Kalite Temini, Toplam Kalite Yénetimi, Siirekli Iyilestirme
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ESTRO Physics Reirradiation and the ReCOG Working Group
Heidi S. Ronde'

"Danish Centre for Particle Therapy, Aarhus University Hospital, Aarhus, Denmark

The talk will cover the journey of reirradiation under ESTRO from the ESTRO Physics Workshop in
2022, the formation of the ESTRO Physics Working Group on Reirradiation, outreach like the first and
second rounds of the reirradiation webinar series, and the ESTRO Reirradiation Focus Group — peppered
with relevant publications.

Further, the establishment of ReCOG (Transatlantic Reirradiation Collaborative Group), its structure,
achievements so far, and relevant publications.

And most importantly, why collaboration, standardisation, and consensus are important — also in
reirradiation.
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Standardization of Methods for Dose Accumulation in Reirradiation

Marija Popovic'
!The Ottawa Hospital, Department of Medical Physics, Ottawa, ON, Canada

Abstract

Reirradiation (ReRT) is increasingly used, yet cumulative OAR dose assessment remains inconsistent due to
variable data availability, registration feasibility, and summation methods. These differences can influence
clinical decisions including treatment intent, dose selection, and normal tissue constraints. This presentation
summarizes key technical considerations, recent consensus guidance, and demonstrates how method choice
affects cumulative dose estimates.

The ESTRO Physics Working Group on Reirradiation recently published 35 statements covering data transfer,
dose mapping, uncertainty evaluation, and selecting methods appropriate to clinical context. Strategies range
from prescription-based or point-dose estimates to voxel-wise summation using rigid (RIR) or deformable
registration (DIR). Method selection depends on available prior RT information, anatomical changes, and the
case-specific need for accuracy.

Examples show prescription and DVH-only methods often overestimate dose, while point-based approaches
yield broad variability. Three-dimensional, voxel-based summation improves accuracy but requires careful
QA due to complexity and its reliance on the quality of image-registration. Without DICOM-RT data, error
margins can be substantial and volumetric cumulative dose metrics such as V20Gy cannot be derived.

Recommendations include transfer of complete datasets early in the workflow, clear documentation of
assumptions, and matching method complexity to clinical criticality. Rigid registration is commonly
sufficient, although in cases with significant anatomical changes, multiple RIR and DIR can provide added
precision. Greater standardization, clear communication and documentation throughout the reRT planning
process are essential to improving consistency and safety in ReRT practice.

Keywords: Reirradiation, cumulative dose assessment, dose summation, dose accumulation
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Niikleer Tipta Radyomiks ve Yapay Zeka

Fuat DEDE'
"Marmara Universitesi, T1p Fakiiltesi, Niikleer Tip Anabilim Dali

Ozet

Bu sunumda, Niikleer T1p alanindaki yeni paradigmalari, 6zellikle Radyomiks ve Yapay Zeka (YZ)
teknolojilerinin roliinii ele alinmistir. Geleneksel biyobelirtegler (yliksek SUVmax veya biiyiik kitle boyutu
gibi) malign tiimdr gibi durumlar i¢in bilgi saglasa da, Radyomiks, ¢iplak gozle goriilemeyen desenleri
yakalayarak tibbi goriintiilerden sayisal 6zellikler ¢ikarmay1 amaglar.

Radyomiks Tanimi ve Siireci: Radyomiks, biyolojideki genomik veya proteomik gibi kapsamli incelemeleri
ifade eden bir "-omiks" dalidir. 2010 yilinda Robert Gillies "Goriintiiler sadece resim degil, veridir" diyerek
yeni bir paradigma tanimlamis ve 2012'de Phillipe Lambin bu nicel veri ¢ikarma teknolojisine "radyomiks"
adin1 vermistir.

Radyomiks is akisi kabaca su adimlari igerir: Goriintii Toplama (PET, MRI, CT vb.), Goriinti
Segmentasyonu (ROI/VOI), Radyomik Ozelliklerin Cikartilmasi, Veri Analizi ve Model Olusturma, son
olarak da Raporlama.

» Standardizasyon: Farkli cihazlardan ve merkezlerden gelen verilerin uyumlagtirilmasi (harmonizasyon)
i¢in Uzamsal Yeniden Ornekleme kritik dneme sahiptir. Ozellik ¢ikariminin standartlastirilmas: amaciyla
kurulan IBSI (Goriintii Biyobelirte¢ Standardizasyon Girigimi), yaygin 169 6zellik i¢in referans degerleri
belirlemistir.

« Radyomik 6zellikler; Birinci Derece (Histogram tabanli), Sekil Tabanli ve ileri Derece Doku (Tekstiir)
Ozellikleri olarak gruplandirilir. Doku &zellikleri arasinda Gri Seviye Birlikte Olusum Matrisi (GLCM), Gri
Seviye Caligma Uzunlugu Matrisi (GLRLM), Boyut Bolgesi Matrisi (GLSZM) vb yer alir.

* Klinik Fayda olarak; radyomik doku 6zelliklerinin klinik yansimalart mevcuttur; 6rnegin, Entropy
(diizensizlik) timor heterojenligini yansitirken, Skewness ve Kurtosis lenf nodu metastazini 6ngorebilir.

Radyomik Modeller ve Yontemler: Model olusturma asamasinda, sayisal sonuclar i¢in Lineer regresyon,
ikili sonuglar i¢in Lojistik regresyon ve zamanla iliskili sonuglar i¢in Cox regresyon gibi yontemler
kullanilir. LASSO gibi cezalandirilmis regresyon yontemleri, 6nemsiz 6zellikleri atarak asiri uydurmay1
(overfitting) azaltmak icin tercih edilir. Model degerlendirme metrikleri arasinda ikili sonuglar i¢in AUC
(Egri Altindaki Alan) veya Konkordans Indeksi (C-index) bulunur.

Radyomik calismalarin tekrarlanabilirligini saglamak igin, 6zellikler ICC (Smmif I¢i Korelasyon) > 0.75 ile

degerlendirilmelidir. Radyomiks 6zelliklerinin tekrarlanabilirligi ve tutarliligini artirmak i¢in IBSI ve
Radyomik Kalite Puan1 (RQS) kontrol listesi gibi araglar kullanilmaktadir.
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Yapay Zeka (YZ) ve Niikleer Tip

Yapay zeka, teknoloji ve inovasyon diinyasinda "oyunun kurallarin1 degistiren" yikici (disruptive) bir
teknoloji olarak tanimlanir ve temel amaci hekimin yeteneklerini artirarak kisisellestirilmis tibb1
desteklemektir. YZ nin yiikselisi, Grafik Islemcilerinin (GPU) artan hesaplama giicii, Biiyiik Veri varlig1 ve
Derin Ogrenme (DL) algoritmalarindaki ilerlemelerle iliskilidir.

YZ uygulamalari, Goriintii Rekonstriiksiyonu (diisiik doz/hizli ¢gekimden yiiksek kalite goriintii elde etme),
Ateniiasyon ve Sacilma Diizeltmesi (BT'siz Atentiasyon) ve Otomatik Lezyon/Organ Segmentasyonu
(TMTYV) gibi alanlarda zaman tasarrufu, standardizasyon ve tanisal dogrulugu artirma faydalari sunar.

YZ Baglaminda Radyomik Tiirleri: Engineered Radiomics (Geleneksel): Elle tanimlanmig (handcrafted)
ozellikler kullamilir, segmentasyon gerekir ve yorumlanabilirdir. Deep Radiomics (Derin Ogrenme Tabanl1):
Ozellikler Konvoliisyonel Sinir Aglar1 (CNN) tarafindan otomatik olarak 6grenilir; 6zellik ¢ikarimi ve
siniflandirma tek bir ugtan uca sistemle yapilir. Ozellikler "gériinmez" (black-box) olabilir.

YZ'nin gelecekteki potansiyel uygulamalar1 arasinda; dogru hasta, dogru tedavi, dogru doz ve dogru zamani
hedefleyen Kisisellestirilmis Tip ve Teranostik, ve hastanin sanal kopyasi lizerinde tedavi simiilasyonu
saglayan Sayisal Ikizler (Digital Twins) konsepti bulunmaktadir.

Ancak YZ'in zorluklar1 da mevcuttur. SWOT analizine gore, gii¢lii yonler tanisal dogruluk ve verimlilik
iken, zay1f yonler "Kara Kutu" seffaflik eksikligi, genellestirilebilirlik sorunlar1 ve hekimlerdeki
giivensizliktir. Etik zorluklar arasinda hasta mahremiyeti, algoritmik 6nyargi (bias) ve hata durumunda
hukuki sorumluluk belirsizligi yer alir. Bu zorluklara ragmen, YZ'nin Niikleer Tip prosediirlerine olan talep
artis1 karsisinda personel sikintisini hafifletecek biiytlik bir sans oldugu diisiiniilmektedir.

“YZ'nin kusursuz olmasi gerekmedigini, insan kadar iy1 olmasinin yeterli oldugunu” ve “gelecekte yapay
zekanin karar vermemesini etik olarak yanlis bulacagimizi” 6ngoriileri ile sunumumu sonlandirtyorum. YZ,
Niikleer T1p disiplininin 6ziine yeniden odaklanarak molekiiler goriintiileme ve teranostigin giiciiyle
kisisellestirilmis hasta bakimin1 daha etkin bi¢gimde uygulamasina olanak saglayacaktir.

Anahtar Kelimeler: Niikleer tip, radyomiks, yapay zeka, kisisellestirilmis tip.
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Radiomics and Artificial Intelligence in Nuclear Medicine

Fuat DEDE!
"Marmara University, Faculty of Medicine, Department of Nuclear Medicine

Abstract

This presentation addresses emerging paradigms in Nuclear Medicine, with a particular emphasis on the roles
of Radiomics and Artificial Intelligence (AI). While conventional biomarkers—such as high SUVmax or large
tumor burden—provide valuable information for malignancies and other conditions, Radiomics aims to
extract quantitative descriptors from medical images, capturing patterns that are imperceptible to the human
eye.

Definition and Workflow of Radiomics: Radiomics is one of the “-omics” sciences, analogous to genomics
and proteomics, and focuses on high-throughput quantification of imaging data. In 2010, Robert Gillies
introduced a new paradigm with the assertion that “Images are not pictures; they are data.” In 2012, Philippe
Lambin formally coined the term “radiomics” for this quantitative feature extraction framework.

The radiomics workflow generally includes the following steps: Image Acquisition (PET, MRI, CT, etc.),
Image Segmentation (ROI/VOI), Feature Extraction, Data Analysis and Model Development, and finally
Reporting.

Standardization: Harmonization of datasets originating from different scanners and institutions is essential,
and spatial resampling plays a critical role. The Image Biomarker Standardisation Initiative (IBSI) was
established to standardize feature extraction, providing reference values for 169 widely used features.

Radiomic Feature Categories: These include First-order (histogram-based) features, Shape-based features, and
Higher-order Texture features. Texture matrices include the Gray Level Co-occurrence Matrix (GLCM), Gray
Level Run Length Matrix (GLRLM), Gray Level Size Zone Matrix (GLSZM), among others.

Clinical Utility: Radiomic texture features have clinically relevant implications. For example, entropy reflects
tumor heterogeneity, whereas skewness and kurtosis may help predict lymph node metastasis.

Radiomic Models and Analytical Methods: Model construction may involve linear regression for continuous
outputs, logistic regression for binary outcomes, and Cox regression for time-to-event data. Penalized
regression techniques—such as LASSO—are often employed to reduce overfitting by eliminating non-
informative features. Evaluation metrics include the Area Under the Curve (AUC) for binary outcomes and
the Concordance Index (C-index) for survival-based models.

To ensure reproducibility, radiomic features should demonstrate an Intraclass Correlation Coefficient (ICC)

> 0.75. Tools such as IBSI and the Radiomics Quality Score (RQS) checklist are used to enhance the
repeatability and methodological robustness of radiomics studies.
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Artificial Intelligence (AI) and Nuclear Medicine

Artificial intelligence is widely regarded as a disruptive technology that reshapes workflow dynamics, with
the primary goal of augmenting physician capability and supporting personalized medicine. The recent surge
in Al adoption is linked to advances in Graphics Processing Units (GPUs), the abundance of Big Data, and
the rapid evolution of Deep Learning (DL) algorithms.

Al applications in Nuclear Medicine include Image Reconstruction (producing high-quality images from low-
dose or fast acquisitions), Attenuation and Scatter Correction (including CT-less attenuation correction), and
Automated Lesion/Organ Segmentation (e.g., Total Metabolic Tumor Volume, TMTV). These systems
enhance diagnostic accuracy, standardization, and workflow efficiency.

Radiomics Within the Al Framework: Engineered Radiomics (Traditional): Utilizes handcrafted features,
requires segmentation, and is generally interpretable. Deep Radiomics (DL-based): Features are automatically
learned by Convolutional Neural Networks (CNNs). Feature extraction and classification occur via end-to-
end pipelines, often operating as “black-box” systems.

Promising future applications of Al include Precision Medicine and Theranostics—selecting the right patient,
treatment, dose, and timing—along with Digital Twins, which enable patient-specific treatment simulations.

However, Al also brings challenges. According to SWOT analyses, strengths include improved diagnostic
accuracy and efficiency, whereas weaknesses involve black-box opacity, limited generalizability, and
physician distrust. Ethical concerns include data privacy, algorithmic bias, and unclear medico-legal liability
in the event of errors. Despite these challenges, Al is viewed as a major opportunity to alleviate workforce
shortages amid rising demand for Nuclear Medicine procedures.

I conclude with the perspectives that “Al does not need to be perfect; it only needs to be as good as a human,”
and that “in the future, it may be considered unethical for Al not to participate in decision-making.” Al will
allow Nuclear Medicine to refocus on its core mission—Ileveraging the power of molecular imaging and

theranostics to deliver truly personalized patient care.

Keywords: Nuclear medicine, radiomics, artificial intelligence, personalized medicine.
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Internal Dozimetri Stratejileri

Alptug Ozer Yiiksel!
! Ankara Bilkent Sehir Hastanesi, Niikleer Tip Klinigi

Ozet

Amag: Internal dozimetri, hedef tiimor dokusunda terapétik etkinligi artirirken normal dokularin korunmasina
yonelik kisisel doz hesaplamalarini kapsayan temel bir alandir. Niikleer tipta tedavi uygulamalar1 kapsaminda
internal dozimetri kavraminin tarihsel gelisimi, kullanilan hesaplama modelleri, gilincel yontemler ve
gelecekte internal dozimetriyi sekillendirecek teknolojik yaklasimlar kapsamli bigimde degerlendirilmektedir.

Gerec ve Yontem: Niikleer tipta tedavi uygulamalar1 kapsaminda klasik Marinelli formiiliinden MIRD
formalizmine; matematiksel fantom modellerinden voksel tabanli 3B dozimetri ve Monte Carlo
simiilasyonlarina uzanan internal dozimetri yontemleri teorik temelleriyle ele alinmistir. Ayrica Euratom
2013/59 cercevesinde kisisellestirilmis dozimetri gereklilikleri, klinik kullanimda yer alan hesaplama
yazilimlar ile aktivite kuantifikasyonu, goriintli rekonstriiksiyon belirsizligi, biyokinetik modelleme ve
segmentasyon gibi doz hesaplamalarindaki belirsizlik kaynaklar1 incelenmistir.

Bulgular: Voksel tabanli dozimetri modelleri ve Monte Carlo tabanli simiilasyonlarin, organ diizeyli MIRD
hesaplamalarina kiyasla daha yiiksek dogruluk, heterojen doku yapisini dikkate alma ve 3 boyutlu dagilim
sunma avantaj1 sagladigi goriilmiistiir. Giincel klinik gereklilikler internal dozimetriyi organ ortalamasi yerine
timor ve kritik organ bazli bireysellestirilmis yaklagimlara yonlendirmektedir. Yapay zeka temelli
segmentasyon algoritmalart ve radyomik analizlerin hesaplama siireclerini hizlandirdigi; “dijital ikiz”
modellerinin ise tedavinin gercek zamanli uyarlanmasi agisindan 6nemli bir potansiyel sundugu belirtilmistir.

Sonug: Internal dozimetri; tanisal goriintiileme, matematiksel modelleme ve radyobiyolojinin birlesiminde
konumlanan, niikleer tip tedavilerinde terapétik etkinligin artirilmasi ve toksisitenin azaltilmasinda merkezi
bir rol iistlenmektedir. Yakin gelecekte yapay zeka destekli otomasyon, yiiksek hizli Monte Carlo ¢oziictileri
ve dijital ikiz yaklagimlar1 ile internal dozimetri, kisiye 6zel doz planlamasinda standart klinik karar destek
siireclerinin ayrilmaz bir pargasi olacaktir.

Anahtar Kelimeler: Internal dozimetri, MIRD, Monte Carlo, voksel tabanli dozimetri, adaptif dozimetri,
kisisellestirilmis tedavi
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Internal Dosimetry Strategies

Alptug Ozer Yiiksel!
! Ankara Bilkent City Hospital, Department of Nuclear Medicine

Abstract

Objective: Internal dosimetry is a fundamental component in optimizing therapeutic efficacy for the tumor
while protecting normal tissues through personalized dose assessment. Within the scope of therapeutic
applications in nuclear medicine, the historical evolution of internal dosimetry, currently used calculation
models, modern methodologies, and emerging technologies that will shape the future of the field are
comprehensively evaluated.

Materials and Methods: Internal dosimetry methodologies ranging from the classical Marinelli approach to
the MIRD formalism, and from mathematical phantoms to image-based 3D voxel dosimetry and Monte Carlo
simulations have been reviewed. In addition, the regulatory framework of Euratom 2013/59 regarding the
requirement for individualized dosimetry, widely used clinical dose-calculation software, and major sources
of uncertainty including activity quantification, image reconstruction artifacts, biokinetic curve fitting, and
segmentation variability were examined in detail.

Results: Voxel-based dosimetry and Monte Carlo simulation methods provide superior dose accuracy
compared to organ-level MIRD calculations by accounting for heterogeneous tissue structures and enabling
full 3D dose mapping. Current clinical requirements have shifted internal dosimetry toward tumor-specific
and critical-organ-based personalized planning rather than organ-average dosing. Artificial intelligence-
assisted segmentation and radiomics-driven analysis accelerate processing, while “digital twin” concepts show
significant potential in enabling real-time adaptive therapy.

Conclusion: Internal dosimetry lies at the intersection of diagnostic imaging, mathematical modeling, and
radiobiology, playing a vital role in enhancing therapeutic effectiveness and minimizing toxicity in nuclear
medicine treatments. In the near future, the integration of Al-supported automation, high-speed Monte Carlo
solvers, and digital twin technologies will make internal dosimetry an inseparable element of personalized
dose planning and standardized clinical decision-support systems.

Keywords: Internal dosimetry, MIRD, Monte Carlo, voxel-based dosimetry, adaptive dosimetry, personalized
therapy
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Radyoniiklid Tedavilerde Dozimetri

Nami Yeyin!
'istanbul Universitesi-Cerrahpasa, Cerrahpasa Tip Fakiiltesi, Niikleer Tip Anabilim Dali

Ozet
Amag: Radyoniiklid tedavilerde Kkisiye 6zel dozimetri uygulamalarinin 6nemini, giincel kilavuz ve
literatiirler ile kapsamli bicimde degerlendirilmesi amaglanmaistir.

Gerec ve Yontem: [-131, Lu-177, Y-90 ve Ac-225 gibi yaygin kullanilan terapdtik radyoniiklidlerde; kritik
organ doz limitleri, doz hesaplama yontemleri, goriintilleme protokolleri, kalibrasyon gereklilikleri ve
biyokinetik modelleme yontemlerinin belirlenmesi. Tedavilerde hem sabit aktivite hem de
bireysellestirilmis dozimetri yaklagimlarini karsilastirilarak; tedavi basarisini artirmak ve toksisiteyi
azaltmak amaciyla EANM/MIRD kilavuzlarinin 6nerdigi 6l¢lim zamanlamalari, goriintiileme teknikleri ve
absorbe doz hesaplama yontemlerine odaklanmaktadir. Lu-177 ve Y-90 tedavilerinde SPECT/BT temelli
voxel-dozimetri, PET dogrulama yontemleri ve karaciger/renal risklerin yonetimi tartisilmaktadir. klinik
uygulayicilara hasta giivenligini artiran, etkin ve bilimsel temelli bir dozimetri yaklagimi sunmaktir.

Sonuc: Klinik uygulayicilara, hasta giivenligini artiran, etkin ve bilimsel temelli bir dozimetri yaklagiminin
onemi belirtilmistir.

Anahtar Kelimeler: Internal dozimetri, Radyoniiklid tedavi, Dozimetri yontemi
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Dosimetry in Radionuclide Therapies

Nami Yeyin'
'Tstanbul University—Cerrahpasa, Cerrahpasa Faculty of Medicine, Department of Nuclear Medicine

Abstract

Objective: This study aims to comprehensively evaluate the importance of patient-specific dosimetry in
radiopharmaceutical therapies based on current guidelines and recent literature.

Materials and Methods: For commonly used therapeutic radionuclides such as I-131, Lu-177, Y-90, and
Ac-225, critical organ dose limits, dose calculation methods, imaging protocols, calibration requirements,
and biokinetic modeling approaches were reviewed. Both fixed-activity and individualized dosimetry
strategies were compared, focusing on measurement timing, imaging techniques, and absorbed dose
calculation methods recommended by EANM/MIRD guidelines to improve therapeutic efficacy and reduce
toxicity. Additionally, SPECT/CT-based voxel dosimetry in Lu-177 and Y-90 therapies, PET-based
verification approaches, and strategies for managing hepatic and renal risks were discussed. The goal is to
present clinicians with an effective and scientifically grounded dosimetry framework that enhances patient
safety.

Conclusion: The importance of a scientifically based, effective dosimetric approach that enhances patient
safety for clinical practitioners is emphasized.

Keywords: Internal dosimetry, Radionuclide therapy, Dosimetry method
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Solunum Kontrol Teknikleri ile Hareket Yonetimi: DEBH, DIBH, AC, ABC, 4DCT

Siimeyra CAN!
'Basaksehir Cam ve Sakura Sehir Hastanesi Radyasyon Onkolojisi Klinigi

Ozet
Amac: Solunum kontrol teknikleri ile hareket yonetimi nasil olmalidir ve yaygin olarak kullanilan teknikler
Gereg ve Yontem: Solunum kaynakli timor hareketi radyoterapide hastanin tedavi stirecinde 6nemli bir rol

oynamaktadir. Bilindigi klasik radyoterapi is akisinda hastanin radyoterapi endikasyonu kesinlestikten ve
radyoterapi almasi kararlastirildiktan sonra hastanin planlama BT goriintiisii ¢ekilir ve ardindan tedavi
planlamas1 yapilan hastalar gilivenli bir sekilde tedaviye alirnir. Bu siire¢ tiim kliniklerde ayni olmasina
ragmen, her klinigin sahip oldugu imkanlar ve hasta potansiyeline bagli olarak uygulanan protokoller farklilik
gostermektedir. Solunum kaynakli timor hareketi ile hareket yonetimi i¢in her klinigin kendi protokoliinii
olusturmasi ve bu protokoller dogrultusunda hasta alimin1 yapmakas1 gerekmektedir.
Solunum kaynakli tiimor hareketi, akciger kanseri ve karaciger kanseri SBRT uygulamalarinda genellikle
geometrik belirsizliklere, yetersiz tiimor kapsamina ve pndmonit, 6zofajit ve kaburga kiriklar1 gibi radyasyon
kaynakli toksisitenin artmasina yol acar. Ozellikle sol meme 1sinlamalarinda, kardiyak toksisite oranmnin
artmasina neden olur. Darby ve ark.1, kalbin aldig1 ortalama radyasyon dozu ile major koroner olay orani
arasinda dogrudan bir korelasyon oldugunu ve Gray basina %7,4'liik tutarli bir artis oldugunu bildirmistir.
AAPM TG76’ a gore tiimor hareketi >5mm oldugunda, goriintileme ve doz dagilimi agisindan sorun
olacagindan solunum hareketi yonetimi gereklidir.
Solunum hareketi yonetimi icin standart teknikler sunlardir:
1)  DIBH, hastanin 1sinlama esnasinda derin bir nefes aldigi/verdigi ve bdylece sabit bir hedef pozisyonu
olusturdugu;
i1)  Diyafram hareketini mekanik olarak sinirlamak ve tiimor hareketinin kranio-kaudal araligini azaltmak
amaciyla uygulanan abdominal kompresér -AC
i)  Zamana bagli olarak nefes alip verme dongiisiiniin kaydedildigi 4DCT
iv)  Yiizey takip sistemleri SGRT

v)  Ger¢ek zamanl timor takibi
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Bulgular: Kliniklerde genellikle DIBH teknigi hastanin konforu agisindan daha sik tercih edilir. Ayn1

zamanda DIBH tekniginde akciger hacmi DEBH teknigine daha fazladir. Bu sayede tiimdr kritik organlardan
daha uzaklasmis olur. Bunun sonucunda ise hem kritik organlarin dozunu hem de akciger dozunu diisiirmede
DIBH tekniginin daha fazla avantaj sagladigi klinik sonuglarla dogrulanmistir. DIBH tekniginin uygulanmasi
icin ABC ve AC gibi sistemler yaygin olarak kullanilmaktadir. Ancak AC sisteminde hastanin nefes alip
vermesi sadece baskilanmis olur. Boylece hastanin derin nefes almasina engel olunur. Bu sistemlerin olmadigi
durumlarda ise 4DCT yontemi solunum hareketi kontrolii agisindan en uygun yontemdir. 4D-BT/solunum
iligkili BT, dahili hedef hacim (ITV) belirleme ve dolayisiyla tiimor hareketi icin bireysel sinirlar1 tahmin
etmede en sik kullanilan hareketi kapsayan tekniktir. ITV, timdr pozisyonu, boyutu ve seklindeki dahili
varyasyondan kaynaklanan geometrik belirsizlikleri hesaba katar. 4D-BT tarayicilari, solunum bilgilerini ve
BT goriintiilerini zamansal olarak iliskilendirerek tek bir BT veri kiimesi olusturur. 4D-BT veri kiimesi, tipik
olarak 10 solunum evresiyle ilgili BT veri kiimesinden olusur. ITV, 10 veri kiimesinin her birindeki timorleri
belirleyerek olusturulur ve tiim bunlarin birlestirilmesi, tiimor hareketi hakkinda bilgi veren tek bir hacim

verir.

Sonug: Nefes tutma ile solunum kontrol teknikleri kliniklerde yaygin olarak kullanilan bir yontemdir. Aktif
Solunum Kontrol (ABC) sistemi, torakoabdominal tiimorlerde solunum hareketinin yonetimi i¢in kullanilan

bir DIBH yontemdir. AC ile solunum hareketi kisitlilig1 saglanabilir.

Anahtar Kelimeler: DEBH, DIBH, ABC, AC, 4DCT
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Gating ile Hareket Yonetimi: Faz, Genlik Yaklagimi

Hande Ayata!
"Medical Park Pendik Hastanesi, Radyasyon Onkolojisi

OZET

Bu konusmada, radyoterapide solunum hareketi nedeniyle ortaya ¢ikan belirsizliklerin tedavi kalitesine etkisi
ve bu belirsizliklerin giderilmesinde kullanilan respiratuar gating yaklasimlar1 kapsamli bir ¢ergevede ele
alinmaktadir. Solunumun yonetilmedigi durumlarda goriintiileme, konturlama ve doz hesaplama siireglerinde
cesitli belirsizlikler ortaya ¢ikmakta; bu belirsizlikler hem hedef hacmin geometrik dogrulugunu hem de kritik
organ dozlarin1 dogrudan etkilemektedir. Solunuma bagl artefaktlar yalnizca CT goriintiilerinde degil,
floroskopi gibi hareket duyarli goriintiileme yontemlerinde de gézlenerek planlama asamasinda ek zorluklara
neden olmaktadir. Bu durum 6zellikle hedef—organ mesafesinin minimal oldugu anatomilerde daha kritik hale
gelmektedir.

Respiratory gating, 1sinlamanin solunum dongiisiiniin yalnizca belirli bir bolimiinde gergeklestirilmesi
esasina dayanan etkin bir solunum ydnetimi teknigidir. Amplitude gating ve faz (phase) gating olmak {izere
iki temel yontem bulunmaktadir. Amplitude gating, solunum genligi tizerinden karar verilmesini saglasa da
tiimor hareketi ile yiizey sinyali arasindaki uyumun her zaman giivenilir olmamasi nedeniyle giinlimiizde daha
siirli kullanilmaktadir. Buna karsilik faz gating, tiimdriin geometrik olarak en stabil oldugu faz araliginin
belirlenerek tedavinin en etkin sekilde yiiriitiillmesine olanak saglamaktadir. Faz araliginin se¢imi residual
motion ve duty cycle gibi parametrelerle dogrudan iliskilidir; bu nedenle hem tedavi siiresini hem de hedef
kapsamasini etkileyen kritik bir karardir. Gating uygulamalarinda giivenilir solunum sinyalinin elde edilmesi
temel bir gerekliliktir. Klinik pratikte Varian RPM/RGSC sistemi, Siemens Anzai Belt, fiducial marker tabanli
yontemler ve giderek yayginlasan SGRT sistemleri (VisionRT, C-RAD, Varian Identify, ExacTrac Dynamic
Surface) bu amagla kullanilmaktadir. 4DCT, gating yaklagimlarin planlama temelini olusturur. Solunum
dongiistiniin farkli fazlarini temsil eden ¢oklu CT setleri, timoriin zamana bagl ii¢ boyutlu hareketini ortaya
koyar. Solunum yo6netimi olmaksizin tedavi planlandiginda tiim fazlarin birlesimi ITV’yi olusturur. Ancak
kritik organ yakinliginin s6z konusu oldugu durumlarda genis marjlar klinik agidan uygun degildir.
Respiratory gating ile tiimoriin en stabil oldugu fazlarda daha dar bir tedavi hacmi olusturulabilir, boylece
hem hedef dogrulugu artirilir hem de cevre dokular korunur. Sonug olarak respiratory gating, solunum
hareketinin belirgin oldugu anatomilerde tedavi dogrulugunu artiran, normal doku dozlarin1 azaltan ve
geometrik belirsizlikleri dnemli dl¢lide azaltan modern bir radyoterapi yaklasimidir. Gelismis goriintiileme
teknikleri, glivenilir solunum sensorleri ve SGRT sistemlerinin entegrasyonu ile birlikte solunum yonetimi
gilinlimiizde yiiksek kaliteli radyoterapinin vazgecilmez bir bileseni haline gelmistir.

Anahtar Kelimeler: Respiratory Gating, 4DCT, SGRT, Solunum Y 6netimi, Radyoterapi
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Tiumor Takibi 1le Hareket Yonetimi

Esra KUCUKMORKOC!
'Anadolu Saglik Merkezi, Radyasyon Onkolojisi

Ozet

Amag: Bu sunumun amaci, radyoterapi uygulamalarinda fraksiyon i¢i hareketin tedavi dogrulugu tizerindeki
etkilerini ortaya koymak ve tiimor takibi temelli hareket yonetimi yaklagimlarinin (tracking ve gating) klinik
uygulamalardaki katkilarini degerlendirmektir. CyberKnife Synchrony ve Elekta Unity Comprehensive
Motion Management (CMM) gibi ileri goriintiileme temelli sistemlerin gercek zamanl timdr izleme ve
anatomik dogrulama siireclerine etkisi tartigilmistir.

Gereg¢ ve Yontem: Fraksiyon ici solunum hareketi, anlik anatomik degisiklikler ve masa iizerindeki hasta
hareketlerinin hedef konumu iizerindeki etkileri goriintileme yontemleri iizerinden analiz edilmistir.
CyberKnife’in kV tabanli korelasyon modeli ve Unity MR-Linac’in 2D cine MR goriintiileme temelli APM
(Anatomic Position Monitoring) ve ATC (Anatomic Tolerance Check) mekanizmalar1 anlatilmistir. Akciger,
karaciger ve prostat SBRT hastalarina ait kurum deneyimleri degerlendirilmistir. Ek olarak hareket yonetim
sistemlerinin performans ve dogruluk testleri (latency, hedef tespit dogrulugu, end-to-end siire¢ dogrulamasi)
kalite kontrol verileriyle incelenmistir.

Bulgular: Ger¢ek zamanli tiimor takibinin, hedef konumunun dogrulugunu artirabilecegi ve fraksiyon ici
adaptasyonu miimkiin kilabilecegi tartisilmistir. Boylece PTV marjlarinin azaltilabilecegi, organ-at-risk
dozlarmin diisebilecegi ve bu sayede tedavi toksisitesinin azaltilabilecegi belirtilmistir. CyberKnife
Synchrony sisteminin solunuma bagl hareketi yiliksek dogrulukla izleyebilecegi, Unity CMM’in ise hedef
yapiy1 dogrudan MR goriintiilerinden degerlendirerek beam on/off kararlarinin hassasiyetini artirabilecegi
hakkinda konusulmustur. Klinik 6rneklerde uygun hareket yonetimi stratejisinin se¢iminin tedavi giivenligini
belirgin sekilde artirabilecegi gdsterilmistir.

Sonug: Tiimor takibi ile hareket yonetimi, modern radyoterapi uygulamalarinda tedavi dogrulugunu ve klinik
giivenligi artiran temel bir bilesendir. Gelismis goriintiileme tabanli tracking ve gating sistemlerinin
entegrasyonu, fraksiyon i¢i anatomik degisikliklere uyum saglayarak 1isinlamanin en uygun anda yapilmasina
olanak tanimaktadir. Bagarili klinik uygulamanin siirdiiriilebilirligi i¢in uygun hareket yonetimi stratejisinin
belirlenmesi ve diizenli kalite kontrol testlerinin yapilmasi kritik 6neme sahiptir.

Anahtar Kelimeler: Tiimor takibi, hareket yonetimi, CyberKnife, MR-Linac
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Tumor Tracking in Motion Management

Esra KUCUKMORKOC!
' Anadolu Medical Center, Radiation Oncology Department

Abstract

Objective: The aim of this presentation is to highlight the impact of intra-fraction motion on the accuracy of
radiotherapy and to evaluate the contribution of tumor-tracking—based motion management approaches
(tracking and gating) to clinical practice. The role of advanced imaging-based systems, such as CyberKnife
Synchrony and Elekta Unity Comprehensive Motion Management (CMM), in real-time tumor visualization
and anatomical verification is discussed.

Materials and Methods: The effects of intra-fraction respiratory motion, transient anatomical changes, and
patient movement on the treatment table were analyzed using imaging-based assessment methods. The kV-
based correlation model of the CyberKnife system and the 2D cine-MR-based APM (Anatomic Position
Monitoring) and ATC (Anatomic Tolerance Check) mechanisms of the Unity MR-Linac were described.
Institutional experiences from lung, liver, and prostate SBRT cases were evaluated. Additionally, performance
and accuracy tests of motion management systems—including latency, target detection accuracy, and end-to-
end workflow verification—were reviewed using available quality assurance data.

Results: It was discussed that real-time tumor tracking may enhance target localization accuracy and enable
intra-fraction adaptation. This may allow for reductions in PTV margins, decreases in organ-at-risk doses, and
ultimately lower treatment-related toxicity. The CyberKnife Synchrony system was shown to accurately
monitor respiration-related motion, while Unity CMM improved the precision of beam on/off decisions by
directly assessing the target structure on MR images. Clinical examples demonstrated that selecting an
appropriate motion management strategy can significantly improve treatment safety.

Conclusion: Tumor tracking—based motion management is a key component in improving treatment accuracy
and clinical safety in modern radiotherapy. Integrating advanced imaging-guided tracking and gating systems
enables adaptation to intra-fraction anatomical changes and ensures beam delivery at the most appropriate
moment. Determining the optimal motion management strategy and performing regular quality assurance tests
are essential for maintaining reliable clinical performance.

Keywords: Tumor Tracking, Motion Management, Ceyberknife, MR Linac
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Ideal Offline ART Uygulamalari igin Teknik Altyap: Gereksinimleri

Emine Burcin Ispir!
'Acibadem Atasehir Hastanesi

Adaptif radyoterapi (ART), tedavi siireci boyunca hastadaki anatomik ve biyolojik degisimlerin
izlenerek tedavi planina entegre edilmesini saglayan ileri diizey bir yaklagimdir. Offline, online ve real-time
gibi farkli uygulama bi¢imlerine ayrilan ART yontemlerinden 6zellikle offline ART, fraksiyonlar arasinda
plan degisikligine olanak tanir ve uygulama kolaylig1 nedeniyle klinik pratikte yayginlasmaktadir. Ancak bu
yaklagimin giivenilir bir sekilde uygulanabilmesi i¢in yiiksek diizeyde teknik yeterlilik gereklidir.

1. Goriintiileme Altyapisi (Goriintii Kilavuzlugunda Radyoterapi-IGRT)

Offline ART’ nin basaris1t dogrudan goriintiileme kalitesi ile iliskilidir. Modern sistemler (CBCT,
1CBCT, 4D-CBCT, dual-energy CT, MRI-Linac) yiiksek kontrast, diisiik artefakt, genis FOV ve uygun
rekonstriiksiyon siiresi gibi kriterleri saglamalidir. Goriintiileme yalnizca pozisyon dogrulama i¢in degil, ayn
zamanda replanning i¢in dozimetrik baz olarak da kullanilmaktadir [1].

2. DIR (Deformable Image Registration) ve Fiziksel Dogrulama

Offline ART uygulamalarinda pCT ve giinliik CBCT arasindaki anatomik uyumu saglamak i¢in
deformasyon vektor alanlar1 (DVF) hesaplanir. Ancak bu deformasyonun fiziksel gegerliligini test etmek
sadece geometrik uyumla sinirli kalmamalidir. AAPM TG-132 raporu, DIR algoritmalariin giivenli klinik
kullanimi i¢in asagidaki testleri onermektedir [2]:

e TRE (Target Registration Error) ile noktasal yer degistirme dogrulugu,
o Phantom temelli testler (dijital veya fiziksel),

e Doz warping dogrulamasi,

e Jacobian determinant ve biikiilme enerjisi haritalarinin analizi,

o Kontur propagasyon karsilagtirmalar1 ve gorsel validasyon.

Bu yaklagimlar sayesinde sadece geometrik eslestirme degil, fiziksel ve dozimetrik dogruluk da saglanmis
olur.
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3. Sentetik BT (sCT) Uretimi

CBCT goriintiilerindeki HU belirsizlikleri nedeniyle direkt doz hesaplamasi hatali olabilir. Bu nedenle,
DIR sonrasi elde edilen sCT goriintiileri planlama BT’sine alternatif olarak kullanilabilir. sCT iiretimi:

e Deformasyon temelli (DD),
e Goriintl diizeltme (IC),
e Yapay zeka destekli (GAN, CycleGAN, vb.) yontemlerle yapilabilir.

Ozellikle derin 6grenme temelli yontemlerle elde edilen sCT'lerin, gamma analizinde %98’in iizerinde
basar1 sagladigi gosterilmistir [3].

4. Otomatik Konturlama Sistemleri

Zaman kazanimu ve tutarlilik saglamak amaciyla offline ART is akisina otomatik konturlama sistemleri
entegre edilmistir. Ancak, kiiciik ve diisiik kontrastli yapilarda bu sistemlerin sinirliliklart bulundugundan
manuel dogrulama kag¢imilmazdir. Veri 6nyargisi ve algoritma genellenebilirligi bu sistemlerin giivenilirligini
etkileyen faktorlerdir [4].

5. Doz Akiimiilasyonu

Fraksiyonlar arasinda olusan anatomik degisikliklerin toplam doza etkisini degerlendirmek i¢in doz
warping ile kiimiilatif doz hesaplamasi yapilir. Bu islemde, her fraksiyona ait doz dagilimi DVF ile planlama
BT’sine taginarak biriktirilir. Ancak bu hesaplamalarin dogrulugu, kullanilan DIR algoritmasinin kalitesine
ve sCT'nin HU dogruluguna baghdir [2].

6. Kalite Giivencesi ve Klinik Organizasyon

Offline ART siireci zamana yayilmis oldugundan fizik ekibine daha ayrintili kontrol imkani sunar.
Planlar, bagimsiz ikinci doz hesaplama, gamma analizi ve kontur degerlendirmeleri ile test edilmelidir. DIR
dogrulugu icin TG-132°de belirtilen validasyon adimlar1 eksiksiz uygulanmalidir. Ayrica klinik
uygulamalarda yapilan FMEA analizlerinde, segmentasyon ve planlama siireglerinin hata kaynaklarinin
%75’1ni olusturdugu bildirilmektedir [5]. Bu nedenle ekip i¢i gorev dagilimu, siirekli egitim ve rol tanimlar1
acikca belirlenmelidir.

SONUC

Offline ART, uygun goriintiileme altyapisi, dogru deformasyon algoritmalari, sentetik BT iiretimi ve
otomatik konturlama sistemleri ile entegre edildiginde hem hedef hacimlerin daha hassas kapsanmasini saglar
hem de kritik organlarin korunmasina katki sunar. Klinik uygulamalarda standardizasyonun saglanmasi i¢in
DIR QA protokolleri ve multidisipliner ekip ¢alismasi vazgegilmezdir.
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Offline Adaptif Radyoterapide Pratik Is Akis1

Gizem Bakicierler!
!Celal Bayar Universitesi, Tip Fakiiltesi, Radyasyon Onkolojisi A.D., Manisa

OZET

Bu konusma, radyoterapi siiresince hastada meydana gelen anatomik ve fizyolojik degisimlere
bagli olarak tedavi planinin yeniden degerlendirilmesini temel alan offline adaptif radyoterapi (ART)
yaklagiminin klinikteki pratik is akisini biitiinciil bir ¢ercevede ele almaktadir. Tedavi sirasinda timor
regresyonu, kilo kaybi, 6dem, seroma ve organ yer degisimleri gibi faktorler, baslangigta olusturulan
planin doz dagiliminda klinik agidan anlamli sapmalara neden olabilmektedir. Offline ART, bu
degisimlerin belirli araliklarla degerlendirilmesi ve gerekli durumlarda planin yeniden diizenlenmesi
esasina dayanmaktadir.

Sunumda offline ART siireci; goriintiileme, adaptif karar verme, doz degerlendirmesi, yeniden
simiilasyon, goriintii eslestirme, yeniden konturlama, doz deformasyonu ve yeniden planlama basamaklar1
tizerinden adim adim aktarilmaktadir. Giinliik veya periyodik CBCT goriintiileri ile anatomik degisimlerin
izlenmesi, adaptif kararin klinik gozlem ve nicel degerlendirme yontemleri ile nasil verildigi ve CBCT
tabanli doz hesaplamanin simirliliklar1 ele alinmaktadir. Rigid ve deformable goriintii eslestirme
yontemlerinin offline ART is akisindaki rolleri, doz deformasyonu ve kiimiilatif doz hesaplama stiregleri
ile birlikte teknik bir kapsamda sunulmaktadir.

Ayrica deformasyon yazilimi bulunmayan merkezlerde izlenebilecek alternatif yaklasimlar,
yeniden planlama stratejileri ve adaptif siireglerin kalite glivencesi (QA) boyutu degerlendirilmektedir.
Yazilimsal ve donanimsal QA, in vivo doz izleme ve ugtan uca testlerin offline ART siirecindeki yeri
vurgulanmakta; gelecege yoOnelik olarak yapay zeka destekli deformasyon algoritmalari, fonksiyonel
gorilintiileme entegrasyonu ve veri yonetiminin adaptif siirecleri nasil doniistiirebilecegi tartisilmaktadir.
Bu konugmanin amaci, offline adaptif radyoterapinin klinik uygulamadaki pratik karsiligini net bir is akis1
iizerinden ortaya koymak ve giivenli, izlenebilir, siirdiiriilebilir bir adaptif tedavi yaklagimi i¢in temel
prensipleri paylagsmaktir.

Anahtar Kelimeler: Offline Adaptif Radyoterapi, Goriintii Eslestirme, Yeniden Planlama
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OZET

Offline adaptif radyoterapi bir¢ok vaka grubunda rutin olarak kullanilmaktadir. Cok merkezli
caligmada art kullanim1 degerlendirilmis, offline adaptif radyoterapinin agirlikli olarak bas boyun, akciger ve
meme kanserlerinde kullanildigi goriilmiistiir. Genel kullanim sebepleri bas boyun grubunda kilo kaybina
bagli maskede bollagsma veya anatomide degisim, akciger veya beyin vakalarinda tiimoriin regresyonu veya
progresyonuna bagli doz dagiliminda degismeler, memede ise 6dem gibi viicut konturundaki degisimlere bagl
hasta pozisyonlama belirsizlikleridir. Adaptif kararinin verilmesinde ¢esitli yontemler: kilo kaybi, 3 boyutlu
IGRT/SGRT yéntemleri ile gorsel degerlendirme veya doz dagilim degisimlerini otomatik olarak analiz eden
yazilimlardir. Adaptif uygulama zamani1 merkezler arasinda, belirli vaka/fraksiyon gruplari i¢in standart bir
fraksiyon aralifinda veya gorsel/istatistik bir esik degerine ulagilmasi: durumunda uygulanabilir.

Adaptif karar1 verildikten sonra, is akisinda genel olarak ilk planlama pozisyonunda goriintiileme
yapilir. Anatomik degisimin derecesine bagli olarak ilk CT ile rigid veya deformable fiizyon yapilarak hedef
ve kritik organ giincellemeleri yapilir. Filizyonun degerlendirilmesi gorsel veya istatistik analiz
parametrelerine gore yapilabilir.

Planlama i¢in yine referans plan geometrisi kullanilabilir ve buna gore plan degerlendirilir. Farkli
goriintiilemeler ve planlar bulundugu i¢in toplam dozun degerlendirmesi i¢in c¢esitli yontemler vardir.
Goriintiilemeler bir referansa deforme edilerek olusturulan sentetik CTde planlar hesaplanip toplanabilir veya
benzer sekilde doz dagilimlar1 deforme edilebilir. Bu amag i¢in, sisteme entegre veya bagimsiz olarak ¢alisan
yazilimlar mevcuttur.

Sonug olarak adaptif radyoterapi kararinda ve is akisinda (goriintiileme, konturlama, planlama ve
toplam dozun degerlendirilmesi) kesin standartlar yoktur. Amaglar ve sebepler benzer olsa da uygulamalar,
klinige, vakaya ve kullanilan teknolojiye gore degiskenlik gosterir. Tiim bu ¢esitlilik ve belirsizliklere ragmen
yapilan caligmalarda adaptif radyoterapinin faydasi gosterilmistir.

Anahtar Kelimeler: Offline Adaptif Radyoterapi
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Abdomen Bolgesi SBRT’de Online Adaptif Radyoterapinin Rolii:
Pankreas i¢in Problemler ve Firsatlar

Nazl Bilici Giiven'
"Hisar Intercontinental Hospital, Radyasyon Onkolojisi, istanbul, Tiirkiye

Amac: Pankreas kanserinde stereotaktik viicut radyoterapisi (SBRT) uygulamalari, hedef-OAR iligkilerinin
degiskenligi, giinliikk anatomik farkliliklar, duodenum/mide/bagirsak hareketliligi ve yiiksek doz gereksinimi
nedeniyle sinirli kalmaktadir. MR-Linac ile ger¢ek zamanli goriintiileme ve online adaptif radyoterapi
(0ART), bu zorluklar1 azaltarak daha giivenli marj daraltma, doz eskalasyonu ve gelismis lokal kontrol
saglamay1 amaglamaktadir. Bu sunumda, pankreas SBRT’de oART 1n fiziksel, klinik ve workflow bazli
zorluklari; giincel konsensus (MR-Linac Consensus 2024), literatiir verileri ve ger¢ek hasta 6rnekleri ile
degerlendirildi.

Gere¢ ve Yontem: Bu sunum, MR-Linac platformunda tedavi edilen pankreas hastalarina ait giinliik MR
goriintiileri, online re-optimizasyon adimlari ve fraksiyonlar arasi anatomik degisikliklerin karsilagtirilmasiyla
olusturulmustur. Workflow analizi; pozisyonlama, giinlik MR & filizyon, ¢evrimi¢i konturlama, plan
optimizasyonu, gercek zamanl motion management (beam-off gating),
gibi klinik siire¢ basamaklarini icermektedir. Ayrica literatiirdeki SBRT fraksiyonasyon protokolleri, HYTEC
OAR limitleri ve ablative BED10o >100 Gy hedeflerinin adaptif yaklasim ile uygulanabilirligi anlatilmigtir.

Bulgular: MR-Linac oART uygulamasi ile; Marjlar 10 mm’den 3—5 mm’ye giivenle indirilebilmistir. Glinliik
bagirsak pozisyonu, gaz/hacim degisimi ve duodenum yakinligina gore planlarin %60’tan fazlasinda yeniden
optimizasyon gerekmistir. Online adaptasyon sayesinde duodenum, mide ve ince bagirsak i¢in kritik OAR
limitleri glivenle saglanmis ve predicted planlara kiyasla belirgin doz iyilesmesi elde edilmistir. 50 Gy/5 fx
gibi ablative semalarda BEDio >100 Gy uygulamasi, adaptif planlama ile toksisite artis1 olmadan miimkiin
olmustur. Ger¢ek zamanli goriintiileme ile irregiiler solunumda beam-off gating devreye girerek GTV nin
pencere disina ¢ikmasi engellenmis, doz dagilimindaki sicak-soguk alanlarin olusumu azaltilmistir. Sistematik
ve rastgele hatalarin biiyiik boliimii (pozisyon farki, organ deformasyonu, kontur belirsizligi) giinliik MR
goriintiileme ve deformable registration ile minimize edilmistir.

Sonuc¢: MR-Linac tabanli online adaptif SBRT, pankreas gibi anatomik olarak karmasik ve kritik OAR’lara
yakin tlimorlerde glivenli marj daraltma, doz eskalasyonu ve hedef-OAR dengesinde belirgin bir iistiinliik
sunmaktadir. Giinliik anatomik varyasyonlarin kontrol altina alinmasi, gercek zamanli hareket yonetimi ve
HYTEC temelli OAR limitlerinin agilmadan uygulanabilmesi sayesinde se¢ilmis hastalarda ablative dozlara
ulagmak miimkiin hale gelmistir. MR-Linac oART, pankreas SBRT’de lokal kontrolii artiran, toksisiteyi
azaltan ve klinik pratige giiclii bir sekilde entegre olmaya baslayan yeni standart haline gelmistir.

Keywords: MR-Linac, Online Adaptif Radyoterapi, Pankreas SBRT, OAR Limitleri, Doz Eskalasyonu,
HYTEC, Motion Management
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CBCT Tabanlhi O-Ring ve C-Arm Linak Sistemlerinde Sentetik CT, Artirilmis CBCT ve
Planlanabilir CBCT Kullaninminin Adaptif Radyoterapiye Etkileri

Melih Uluer!, Gorkem Giingor!
' Acibadem Maslak Hastanesi

Amag: Bu calismanin amaci, CBCT tabanli O-Ring ve C-Arm lineer hizlandiricilarda kullanilan sentetik CT
(sCT), artirllmig CBCT (CBCTa) ve planlanabilir CBCT (CBCTp) goriintiilerinin adaptif radyoterapi (0ART)
is akisindaki roliinii degerlendirmek; bu yontemlerin HU dogrulugu, doz hesaplama giivenligi ve klinik
uygulanabilirlik agisindan sundugu problemler ve firsatlari ortaya koymaktir.

Gerec¢ ve Yontem: CT goriintiilerinden elde edilen HU—elektron yogunlugu iligkisi temel alinarak doz
hesaplamalarindaki referans dogruluk incelendi. SNC Electron Density phantom verileri lizerinden farkli
gorlintiileme modalitelerinde olusan yogunluk degisimleri degerlendirildi. OART is akist kapsaminda
deformasyon temelli sCT iiretimi, HU diizeltme araglari, GAN tabanli iyilestirme modelleri, kontrast 6grenme
tabanli sagilma azaltma yontemleri ve CT kalitesine yakin planlanabilir CBCT teknolojileri literatiir ve klinik
uygulamalar iizerinden karsilagtirmali olarak analiz edildi. CTref, CBCT, sCT, CBCTa ve CBCTp goriintii
setlerinin doz dagilimi iizerindeki etkileri irdelendi.

Bulgular: sCT goriintiilerinde CBCT kaynakli yogunluk hatalar1 nedeniyle 6nemli doz belirsizlikleri
gozlendi. Ozellikle kemik, hava ve yumusak doku HU atamalarindaki tutarsizliklar kritik organ dozlarinda
klinik olarak anlamli sapmalara yol acabilecek nitelikte bulundu. CBCTa yaklasimi, sacilma
projeksiyonlarinin izole edilmesiyle giiriiltii ve artefaktlari belirgin sekilde azaltarak HU dogrulugunu artirdi.
CBCTp teknolojisi ise CT’ye yakin goriintii kalitesi saglayarak deformasyon ihtiyacini azaltti ve adaptif
planlamada daha giivenilir doz hesaplamalarina imkan tanidi. Ancak abdomen bdlgesinde kontur belirsizligi
yiksek doz tedavilerde 6nemli bir kisitlayici faktér olmaya devam etmektedir.

Sonuc: CBCT tabanli oART sistemlerinde kullanilan farkli goriintiileme yaklasimlar1 arasinda HU dogrulugu
ve goriintii kalitesi acisindan belirgin farkliliklar bulunmakta olup, bu durum adaptif planlamada doz
dagilimini dogrudan etkilemektedir. CBCTa ve CBCTp gibi ileri goriintiileme yontemleri sistematik hatalari
azaltarak doz dogrulugunu artirma potansiyeline sahiptir. Bununla birlikte, adaptif asamada olusturulan
hesaplama CT’lerinin ayrintili analizi ve fraksiyon bazli kalite degerlendirmesi klinik giivenlik agisindan
kritik 6Gneme sahiptir.

Anahtar Kelimeler: Adaptif radyoterapi, CBCT, Sentetik CT, Planlanabilir CBCT, Elektron yogunlugu, HU
dogrulugu
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Radyoniiklit Tedavi Y&ntemleri i¢in Radyobiyolojik Matematiksel Modeller

Bayram Demir!

Tstanbul Universitesi, Fen Fakiiltesi, Fizik Bolimii/Niikleer Fizik Anabilim Dali

Ozet:

Lineer-Kuadratik (LQ) modeli, radyasyonun hiicre 6ldiirme etkisini agiklamak i¢in kullanilan biyolojik bir
modeldir. Bu model temel olarak iki tiir hasar iizerinden ilerler: biri tek bir radyasyon etkilesimiyle meydana
gelen hizli ve onarimi daha zor hasar; digeri ise iki ayri radyasyon etkilesiminin zaman i¢inde bir araya
gelmesiyle ortaya c¢ikan, onarima daha agik hasar. Eksternal Radyoterapide (ERT) verilen radyasyon c¢ok kisa
stirede ve yliksek doz hizinda uygulandig i¢in, hiicrelerin tedavi sirasinda bu hasar1 onarmaya firsati olmaz.
Dolayisiyla ERT i¢in LQ modeli pratik olarak yalin haliyle kullanilabilir.

Radyoniiklid tedavileri ise tamamen farkli bir doz dinamgine sahiptir. Radyasyon burada saniyeler i¢inde
degil, saatler ve giinler boyunca, ¢ok diisiik doz hizlarinda verilir. Radyasyon siddeti, kullanilan izotopun hem
fiziksel yarilanma siiresine hem de dokudan atilma hizina bagli olarak siirekli azalir. Yani doz hem diisiik
hizda baslar hem de siirekli daha da diiserek devam eder. Bu sirada hiicreler, radyasyon verilirken eszamanli
olarak hasarlarimi onarma firsat1 bulur. Ozellikle iki vurus etkilesimine bagli olan hasar tiirii, diisiik doz hizinda
biiyiik dl¢lide azalir. Bunun nedeni, iki radyasyon olaymin birbirine denk gelme ihtimalinin ¢ok diisiik
olmasidir. Zaman aralig1 uzadik¢a hiicrenin ilk hasar1 onarma sansi artar ve bu yiizden radyasyonun biyolojik
etkisi diiser.

Bu durum LQ modelinin radyoniiklid tedaviler i¢in dogrudan uygulanamamasina yol agar. Model, diisiik doz
hizinda gerceklesen bu onarimi hesaba katmasi i¢in mutlaka bir diizeltme ister. Bu diizeltme klinik literatiirde
genellikle “G-faktorii” veya “diisiik doz hiz1 diizeltmesi” olarak anilir. Bu diizeltme, radyoniiklid tedavilerde
hiicrenin radyasyon verilirken bile aktif bir sekilde onarim yapmasini hesaba katar. Boylece hesaplanan
biyolojik etkin doz daha gergek¢i bir hal alir. Aym fiziksel doz verildiginde bile eksternal isimnlamanin
biyolojik etkisi radyoniiklid tedavilerden ¢ok daha yiiksektir, ¢linkii ERT’de onarim i¢in zaman yoktur;
radyoniiklid tedavisinde ise onarim siireci doz verilisinin bir pargasi héline gelir.

Sonug olarak, radyoniiklid tedavilerde LQ modelinin kullanilmast miimkiindiir, ancak mutlaka zaman ve
onarim etkilerini belirten diizeltmeler eklenmelidir. Eksternal 1sinlamada birka¢ dakikada verilen dozun
biyolojik esdegeri, radyoniiklid tedavilerde giinler boyunca verilen ayni fiziksel dozla ayni degildir. Bu fark
ancak diistik doz hiz1 diizeltmesiyle dogru sekilde hesaplanabilir. Bu nedenle radyoniiklid tedavilerde
biyolojik doz (BED) hesaplamasi, eksternal isinlamaya gore daha karmasik ama daha gercege yakin bir
degerlendirme gerektirir.

Anahtar Kelimeler: Lineer Kuadratik Model, Radyontiklit Tedavi
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Radiobiological Mathematical Models for Radionuclide Therapy Methods

Bayram Demir!
Istanbul University, Faculty of Science, Department of Physics / Division of Nuclear Physics

Abstract

The Linear-Quadratic (LQ) model is a biological model used to explain the cell-killing effect of radiation.
This model is fundamentally based on two types of damage: the first is rapid and more difficult-to-repair
damage caused by a single radiation interaction; the second is damage that emerges when two separate
radiation interactions come together over time, which is more amenable to repair. In External Radiotherapy
(ERT), radiation is delivered in a very short time and at high dose rates, leaving no opportunity for cells to
repair this damage during treatment. Therefore, the LQ model can be used for ERT practically in its simple,
unmodified form.

Radionuclide therapies, however, have a completely different dose dynamic. Here, radiation is delivered not
within seconds but over hours and days, at very low dose rates. The intensity of the radiation continuously
decreases depending on both the physical half-life of the radionuclide and its clearance from the tissue. In
other words, the dose starts at a low rate and continues to decrease over time. During this process, cells have
the opportunity to repair damage while the radiation is still being delivered. In particular, the type of damage
that depends on the interaction of two radiation events is greatly reduced at low dose rates. This is because
the probability that two radiation events will coincide in time is very low. As the time interval increases, the
cell has more opportunity to repair the initial damage, and therefore the biological effect of radiation decreases.

This situation prevents the direct application of the LQ model to radionuclide therapies. The model requires a
correction factor that takes into account this repair occurring at low dose rates. In the clinical literature, this
correction is generally referred to as the “G-factor” or “low dose-rate correction.” This correction accounts
for the fact that, in radionuclide therapies, the cell is actively repairing damage even while radiation is being
delivered. As a result, the calculated biologically effective dose becomes more realistic. Even when the same
physical dose is delivered, the biological effect of external irradiation is much higher than that of radionuclide
therapies, because in ERT there is no time for repair, whereas in radionuclide therapy the repair process
becomes part of the dose delivery.

In conclusion, it is possible to use the LQ model for radionuclide therapies, but corrections that reflect time
and repair effects must be included. The biological equivalent of a dose delivered within minutes in external
irradiation is not the same as the same physical dose delivered over days in radionuclide therapies. This
difference can only be accurately calculated with low dose-rate corrections. Therefore, biological dose (BED)
calculation in radionuclide therapies requires a more complex but more realistic evaluation compared to
external irradiation.

Keywords: Linear-Quadratic Model, Radionuclide Therapy
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Radyoniiklit Tedavilerde Radyobiyolojinin Temelleri ve Doz Yaklagimi

Nazim COSKUN!
'Bilkent Sehir Hastanesi, Ankara Yildirim Beyazit Universitesi, Niikleer Tip Anabilim Dali

Ozet

Radyoniiklid tedaviler (RNT), alfa, beta ve Auger elektronlar1 gibi farkli pargacik tiplerinin 6zgiin
fiziksel ve biyolojik 6zelliklerinden yararlanarak tiimoér dokusuna hedeflenmis radyasyon vermeyi amaglar.
Parcaciklarin kinetik enerjisi, lineer enerji transferi (LET) ve menzilleri arasindaki belirgin farkliliklar, hiicre
diizeyinde ortaya ¢ikan mikrodozimetrik etkiler ile tedavi yanitin1 dogrudan sekillendirir.

Parcaciklarin lineer enerji transferi (LET) ve menzil karakteristikleri hiicresel etki ¢esitliliginin 6nemli
bir belirleyicisidir. Alfa partikiilleri yiiksek LET nedeniyle sinirli menzilde yogun hasar olustururken; beta
parcaciklari diisitk LET ile daha genis hacimlere yayilir. Auger elektronlar1 ise DNA diizeyinde ¢ok yiiksek
lokal doz birikimine yol agarak mikrodozimetrik agidan benzersiz bir etki profili sergiler. Bu fiziksel
farkliliklar, tiimor ici heterojenite, reseptdr ekspresyonundaki klonal farkliliklar ve tiimor damar yapisinin
kaotik dagilimi ile birlestiginde tedavi yanitinda belirgin degiskenlik ortaya ¢ikar.

RNT’de doz dagilimi dogrudan kaynagin tiimor igindeki mikro ve makro diizeydeki dagilimina
bagldir. Ornegin Y-90 mikrokiire uygulamalarinda damar yapisindaki heterojeniteye bagli olarak tiimor
icinde ¢ok yliksek (>2000 Gy) ve diisiik doz bolgeleri ayn1 anda bulunabilir. Bu nedenle esdeger uniform doz
(EUD) yaklasimlar1 ve BED hesaplamalar1 tedavi etkisinin daha dogru bi¢gimde degerlendirilmesini saglar.
RNT’de doz hiz1 genellikle giinler 6l¢egindedir ve hiicresel onarim siire¢lerinin tedavi etkinligi tizerindeki
etkisini artirir. Bu nedenle klasik Linear-Quadratic model, G faktorii eklenerek modifiye edilmeye
calisilmaktadir.

Giliniimiizdeki klinik uygulamalarin biiyiik boliimii sabit aktivite protokollerine dayanmakla birlikte,
radyobiyolojik etkilerin standardizasyonu i¢in bireysellestirilmis doz hesaplamalari giderek Onem
kazanmaktadir. Bu yaklasimin kilavuz diizeyinde kabul gorebilmesi icin, sabit doz ile kisisel doz
uygulamalarini karsilastiran randomize kontrollii ¢alismalarin tasarlanmasi gerekmektedir. Oyle ki, TARE’de
kisisel dozlamanin 2021 sonras1 hizla standartlagmasinin temel nedeni, sagkalim avantajin1 gosteren boyle bir
caligmanin (DOSISPHERE-01) mevcut olmasidir. RNT’nin diger alanlarinda da benzer kanitlarin iiretilmesi
gerekmektedir.

Sonu¢ olarak, RNT’nin fiziksel ve biyolojik temelleri, eksternal radyoterapiden farkli ve daha
karmasik bir doz-etki iliskisi olusturmaktadir. Pargacik 6zellikleri, tiimor heterojenitesi, doz dagilimi, doz hiz1
ve yar1 Omiir parametreleri birlikte ele alindiginda, kisisellestirilmis doz yaklasimlarinin tedavi etkinligini
artirma potansiyeli agiktir. Bu potansiyelin klinige tam olarak yansimasi ise sistematik dozimetri modellerinin
gelistirilmesine ve yliksek diizeyde klinik kanitlarin {iretilmesine baghdir.

Anahtar Kelimeler: radyobiyoloji, kisisellestirilmis dozimetri, mikrodozimetri
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Foundations of Radiobiology and Dosimetric Approaches in Radionuclide Therapies

Nazim COSKUN'
'Bilkent City Hospital, Ankara Yildirim Beyazit University, Department of Nuclear Medicine

Abstract

Radionuclide therapies (RNT) aim to deliver targeted radiation to tumor tissue by exploiting the distinct
physical and biological properties of different particle types such as alpha particles, beta particles, and Auger
electrons. The marked differences in their kinetic energy, linear energy transfer (LET), and particle range
directly shape treatment response through microdosimetric effects at the cellular level.

The LET and range characteristics of these particles are major determinants of the diversity of their
biological effects. Alpha particles, with their high LET, produce dense and irreparable damage over a short
path length; beta particles, with lower LET, distribute dose across a broader tissue volume; whereas Auger
electrons generate extremely high local dose deposition at the DNA scale, exhibiting a unique microdosimetric
profile. When these physical distinctions intersect with intratumoral heterogeneity, clonal variation in receptor
expression, and the chaotic architecture of tumor vasculature, substantial variability in treatment response
emerges.

In RNT, dose distribution is directly governed by the micro- and macroscopic distribution of the
radionuclide within the tumor. For example, in Y-90 microsphere therapy, vascular heterogeneity can lead to
coexistence of very high (>2000 Gy) and low-dose regions within the same lesion. Consequently, equivalent
uniform dose (EUD) approaches and biologically effective dose (BED) calculations provide a more accurate
estimation of therapeutic effect. Because dose rate in RNT typically spans several days, cellular repair
mechanisms play a more pronounced role, prompting modification of the classical linear-quadratic model
through incorporation of the G factor.

Although most contemporary clinical protocols still rely on fixed-activity regimens, individualized
dosimetry is becoming increasingly important for standardizing radiobiological effects. Adoption of such
approaches into clinical guidelines will require randomized controlled trials comparing fixed-activity versus
personalized dosing strategies. A notable example is the rapid post-2021 standardization of personalized
dosimetry in TARE, largely driven by the DOSISPHERE-01 trial, which demonstrated a survival benefit.
Similar high-quality evidence is needed across other domains of RNT.

In conclusion, the physical and biological foundations of RNT establish a dose-effect relationship that
is more complex and fundamentally different from external beam radiotherapy. When particle characteristics,
tumor heterogeneity, dose distribution, dose rate, and physical-biological half-life are considered together, the
potential of personalized dosimetric approaches to enhance therapeutic efficacy becomes evident. Realizing
this potential in routine practice will depend on the development of systematic dosimetry frameworks and the
generation of robust clinical evidence.

Keywords: radiobiology, personalized dosimetry, microdosimetry
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Hipofraksiyone Tedavilerin Radyobiyolojik Mekanizmasi ve Vaka Bazli Hesaplama
Ornekleri

Mehmet Ertugrul Ertiirk'
'MNT Saglik Hizmetleri AS.

Ozet

Amag: Hipofraksiyone tedavilerin radyobiyolojik mekanizmasi ve vaka bazli hesaplama 6rnekleri sunumda
aktarilmistir.

Gereg¢ ve Yontem: Hipofraksiyone tedavilerde toplam doz giinliik 2 Gy’den daha biiylik dozlara boliinerek
giinde bir veya daha az siklikta verilir. Hipofraksiyone haftalar mertebesinde olan tedavilere gore daha kisa
stirer. Giinliik tedavi dozlar1 5 Gy’in {istiinde olan hipofraksiyone tedavilere ultra-hipofraksiyone tedaviler
denir.

Hipofraksiyone tedavilerin kokeni radyasyon onkolojisinin ilk doénemlerine dayanir. Fraksiyonasyonun
onnemi kesfedilmeden 6nce yapilan radyoterapi uygulamalar1 genellikle bir ya da iki fraksiyon seklindeydi.
1930’larin ortalarinda fraksiyonasyon ve terapotik etkinin kesfi, iyi oksijenlenen tiimor bolgesinin hipoksik
bolgeye gore daha iyi cevap verdiginin anlagilmasiyla bir¢ok timor tipine yonelik farkli tedavilerde yerini
daha uzun tedavilere birakti. Zamanla kiiratif tedavilerde 1.8 Gy-2 Gy neredeyse standart olmus olsa da
hipofraksiyonasyon {istiine calismalar gegmiste de siirdiiriildii. Ornegin Larinks kanserinde 50 Gy 16
fraksiyonluk sema Manchester’de 1930larda énerilmisken yine Ingiltere’de prostat kanseri i¢in 36 Gy 6
fraksiyonluk sema altmislarda ve 32.5 Gy 5 fraksiyonluk adjuvan meme tedavisi yaklasimi Fransa’da
seksenlerde onerildi. Ayrica, palyasyon amagl tedavilerde hipofraksiyon altin standart niteligindedir. Ote
taraftan, gecmiste pankreas tliimorleri gibi bazi tliimdrlerde yiiksek radyotoksitite donemin sartlarinda
hipofraksiyonasyonu secenek olmaktan cikarmistir. Gelisen teknolojilerle tekrar klinik uygulamalarda
secenek olarak giindeme gelmeye baslayan bu tedavi sekli, avantajin1 Covid-19 pandemisi ile gostermistir.

Bulgular: Hipofraksiyonun etkileri tam olarak net bir sekilde aciklanamasa da farkli durumlar1 agiklayan
giiclii arastirma bulgulart literatiirde mevcuttur. En 6nemli etkilerinden biri olan damarsal etkidir ve 10 Gy
iizerindeki dozlar siddetli damarsal hasara neden olur. Bu doz mertebelerinde damarlanmada hizli bozulma
beslenmede hizl1 azalma ve asidik ortam olusumu gozlenir. Ayrica endotel hiicre apoptozu mekanizmasi
tetiklendigi diigiilmektedir. Hipofraksinasyonun bagisiklik sistemi iistiine etkileri oldugu da diistintilmektedir.

Sonug: Hipofraksinasyonu tam olarak agiklamasa da en etkin hesaplanmasinda hala en giiglii model Lineer
Quadratik (LQ) modeldir. Evrensel sag kalim egrisi ise LQ modelin alternatifi olarak diistiniilmekte ve yiiksek
dozlarda sabit egimli bir doz yanit egrisi saglamasindan dolay1 avantajli bir model olarak goriilmektedir.
Ancak, artan parametre sayisi ve buna baglh artan belirsizlik bu modelin dezavantajidir. Modellerin ve
parametrelerin nasil ele alinmasi gerektigini anlatan O6rnekler incelenmelidir. Klinik uygulamada her iki
modelin dogru kullanimi i¢in mutlaka yapilan ¢alismalardaki belirsizlikler dikkate alinmalidir.

Anahtar Kelimeler: Hipofraksinasyon, Hipofraksinasyonda radyobiyolojik etki, Lineer kuadratik model,
evrensel sag kalim egrisi
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Radiobiological Mechanisms of Hypofractionated Treatments and Case-Based Calculation

Mehmet Ertugrul Ertiirk’
IMNT Health Services

Abstract

Objective: The presentation covers the radiobiological mechanism of hypofractionated treatments and case-
based calculation examples.

Materials and Methods: In hypofractioneted tratments, total dose is divided in to fractions with a fraction
dose larger than 2 Gy and delivered once a day or less often. If dose per fraction is greater than 5 Gy and
above this are also called ultra-hypofractionation. Consequently, hypofractinated treatments are shorter than
conventional treatment regimes.

The origins of hypofractionation date back to the early years of radiation oncology. Before the importance of
fractionation was understood, radiotherapy was often delivered in one or two fractions. In the mid-1930s, with
the discovery of fractionation and its therapeutic effect—and the recognition that well-oxygenated tumour
regions response better than hypoxic regions—many treatment approaches for different tumour types shifted
toward higher fraction numbers. Over time, 1.8-2 Gy fractions became nearly standard for curative treatments,
but research into hypofractionation not finalized. As an example, 50 Gy / 16-fraction scheme was proposed
for in laryngeal cancer in Manchester in the 1930s, and 36 Gy / 6-fraction schedule was proposed in the 1960s
for prostate cancer in England. Moreover, 32.5 Gy / 5-fraction adjuvant treatment purposed for breast cancer
in the 1980s in France. In addition, hypofractionation has long been the gold standard for palliative treatments.
However, intolerable radiotoxicities were observed in some early studies, such as pancreatic cancers.
Advances in technologies such as image guidance or device precision has re-emerged hypofractionation as a
clinical option. Moreover, Hypofractionation demonstrated its advantages especially during the COVID-19
pandemic.

Results: Although the effects of hypofractionation cannot be fully explained, research show strong evidence
exists that describing various mechanisms. One of the most significant effects is the vascular effect.
Especially, it is demonstrated that doses above 10 Gy cause severe vascular damage. Beyond this dose level,
rapid deformation of tumour vasculature, reduced perfusion, and the formation of an acidic microenvironment
are observed. Endothelial cell apoptosis is also believed to be triggered. Hypofractionation is further thought
to have effects on the immune system.

Conclusion: Although none of the model does not fully explain hypofractionation, the most suitable models
are Linear-Quadratic (LQ) model and Universal Survival Curve (USC) model. The Universal Survival Curve
(USC) is considered an alternative to the LQ model. USC is as advantageous at high doses because it provides
a dose-response curve with a constant slope. However, the increased number of parameters in the model has
resulted with an increase in uncertainty which is the disadvantage of this USC model. Examples illustrating
how these models and parameters should be handled. In clinical practice, uncertainties reported in the literature
must always be considered for the proper use of both models.

Keywords: Hypofractionation, Radiobiology of hypofractionation, LQ model, USC model
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Kiimiilatif Doza Ulasmak I¢in Dogru Gériintii Eslestirme ve Doz Toplama Y &ntemleri

Nadir KUCUK'
' Anadolu Saglik Merkezi, Radyasyon Onkolojisi Departmani

Ozet

Amag: Kiimiilatif doz hesaplamasi, yeniden 1sinlama gereksinimlerinin artmast ve adaptif radyoterapi
uygulamalarinin yayginlasmasiyla modern radyoterapide kritik bir siire¢ haline gelmistir. Anatomik
degisiklikler, goriintii kalitesi farkliliklar1 ve modaliteler aras1i uyumsuzluklar dogru goriintii eslestirme ve doz
toplama islemlerinde belirsizlik yaratmaktadir. Bu c¢alismanin amaci, kiimiilatif doz hesaplamasinda
karsilagilan teknik ve klinik zorluklari tanimlamak, goriintii eslestirme yontemlerini TG-132 rehberi
dogrultusunda degerlendirmek ve farkli doz toplama yaklagimlarinin klinik karar siire¢lerine etkisini kapsamli
bicimde ortaya koymaktir.

Gerec¢ ve Yontem: Goriintii eslestirme teknikleri (rijit, afin ve deformable) farkli goriintiileme modaliteleri
(CT-MR-PET) arasindaki ¢oziiniirliik, FOV ve artefakt farkliliklar1 g6z 6niine alinarak karsilastirilmistir.
TG-132 dogrulama kriterleri temel alinarak voksel biitiinliigii, gorsel validasyon ve anatomik hizalanma
olciitleri degerlendirilmistir. Doz toplama; fiziksel, biyolojik (EQD2/BED) ve voksel-bazli DVH birlestirme
yontemleri iizerinden analiz edilmistir. Larenks, beyin tiimdrii (konvansiyonel + FSRT), prostat lenf nodu
metastazt ve GammaKnife + linak kombinasyonu gibi klinik vakalarda goriintii flizyonu ve doz toplama
farkliliklarinin kiimiilatif doz sonuglarina etkisi incelenmistir.

Bulgular: Goriintii eslestirme dogrulugunun goriintii parametreleri ve modalite farkliliklarindan gii¢li
bicimde etkilendigi goriilmiistiir. Rijit eslestirme baz1 anatomik bolgelerde yeterli olsa da, belirgin geometrik
degisikliklerin oldugu bas-boyun ve pelvik bélgelerde deformable eslestirme daha gergekci sonuglar
iretmistir. Biyolojik doz toplamalarinda o/p varyasyonlarinin kiimiilatif EQD2 sonuglarint anlamli derecede
degistirdigi belirlenmistir. SBRT/FSRT uygulamalarinda yiiksek fraksiyon dozlar1 nedeniyle LQ modelinin
smirliliklart daha belirgin hale gelmistir. DVH tabanli voksel-birlestirme ise anatomik degisikliklerin doz
dagilimina etkisini en dogru yansitan yontem olarak 6ne ¢ikmistir. Klinik 6érnekler fiizyon hatalarinin kritik
organ degerlendirmesinde 6nemli farkliliklara yol agabildigini gostermistir.

Sonug¢: Kiimiilatif doz analizi; yeniden 1ginlama, adaptif tedavi ve multimodal radyoterapi uygulamalarinda
giivenli karar verme siireclerinin temel bilesenidir. Ancak goriintii eslestirme ve doz toplama asamalarinda
teknik belirsizlikler ve kullanici bagimliligi mevcuttur. Uygun eslestirme yonteminin se¢ilmesi, goriintii
kalitesinin denetlenmesi ve biyolojik modellerin klinik baglama gore uyarlanmasi kiimiilatif doz
hesaplamasinin dogrulugunu belirleyen en 6nemli faktorlerdir. Manuel hesaplamalarin karmasik ve hataya
acik olmasi nedeniyle ticari ve agik kaynakli yazilimlar klinik karar siireglerinde standartlastirilmis bir
degerlendirme imkéani sunmaktadir. Dogru goriintli eslestirme ve uygun doz toplama yaklasimi, yeniden
1sinlama planlamasinda toksisite riskini azaltmak ve tedavi etkinligini artirmak i¢in kritik 6neme sahiptir.

Anahtar Kelimeler: Kiimiilatif doz, goriintii eslestirme, deformable registration, doz toplama, yeniden
1sinlama, adaptif radyoterapi
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Accurate Image Registration and Dose Accumulation Methods for Cumulative Dose
Assessment

Nadir KUCUK!
' Anadolu Medical Center, Radiation Oncology Department

Abstract

Objective: Cumulative dose assessment has become a critical component of modern radiotherapy due to the
increasing need for re-irradiation and the widespread use of adaptive radiotherapy. Anatomical changes,
variations in image quality, and inter-modality inconsistencies introduce uncertainties in image registration
and dose accumulation. The aim of this study is to identify the technical and clinical challenges associated
with cumulative dose calculation, to evaluate image registration methods in accordance with the TG-132
guideline, and to comprehensively describe the impact of different dose summation approaches on clinical
decision-making.

Materials and Methods: Image registration techniques (rigid, affine, and deformable) were compared across
different imaging modalities (CT, MR, PET), considering differences in resolution, field of view, and artifacts.
Based on TG-132 verification criteria, voxel integrity, visual validation, and anatomical alignment metrics
were assessed. Dose accumulation was analyzed using physical, biological (EQD2/BED), and voxel-based
DVH summation approaches. Clinical cases—including laryngeal cancer, brain tumors (conventional RT +
FSRT), prostate nodal metastasis, and GammaKnife + linac combined treatments—were evaluated to
determine the influence of registration and dose summation differences on cumulative dose outcomes.

Results: Image registration accuracy was found to be strongly influenced by imaging parameters and modality
differences. While rigid registration was sufficient in certain anatomical regions, deformable registration
produced more realistic results in areas with significant geometric changes, such as the head—and-neck and
pelvic regions. In biological dose summation, variations in o/f ratios significantly altered cumulative EQD2
values. The limitations of the LQ model became more pronounced in SBRT/FSRT treatments due to high dose
per fraction. Voxel-based DVH summation most accurately reflected the impact of anatomical changes on
dose distribution. Clinical examples demonstrated that registration errors can lead to substantial discrepancies
in the evaluation of critical organ doses.

Conclusion: Cumulative dose analysis is a fundamental element of safe decision-making in re-irradiation,
adaptive therapy, and multimodal radiotherapy. However, technical uncertainties and user dependence remain
present in both image registration and dose accumulation processes. Selecting an appropriate registration
method, ensuring adequate image quality, and tailoring biological models to the clinical context are essential
for accurate cumulative dose estimation. Since manual calculations are complex and prone to error,
commercial and open-source software tools provide standardized and reliable support for clinical workflows.
Accurate image registration and appropriate dose accumulation strategies are crucial for reducing toxicity risk
and improving therapeutic effectiveness in re-irradiation planning.

Keywords: Cumulative dose, image registration, deformable registration, dose accumulation, re-irradiation,
adaptive radiotherapy.
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Gorev Grubu-001
Tedavi Planlama Sistemlerinde Kalite Kontrol ve Kalite Giivencesi Raporu

Oguzhan Ayrancioglu'
Izmir Tinaztepe Universitesi Galen Hastanesi, Radyasyon Onkolojisi

OZET

Bu konusma, Medikal Fizik Dernegi tarafindan ulusal standartlarin olusturulmasi amaciyla baslatilan
Gorev Gruplart calismasmin bir ¢iktis1 olan “Tedavi Planlama Sistemlerinde Kalite Kontrol ve Kalite
Giivencesi Raporu (GGO001)”nun tasarim siirecini, kapsamini ve metodolojik yaklagimini 6zetlemektedir.
Tiirkiye’de radyoterapi merkezlerinin farkli cihaz, yazilim ve is akislara sahip olmasi, tedavi planlama
sistemleri i¢in ortak bir kalite giivencesi anlayisinin tanimlanmasint zorunlu héle getirmistir. Bu ihtiyag
dogrultusunda olusturulan GGO001’in temel amaci, uluslararasi rehberlerle uyumlu ancak ulusal pratiklere
uygunlastirilmis kalite kontrol testlerini, dogrulama siireglerini ve degerlendirme yontemlerini yalin ve
uygulanabilir bir yapida tanimlamaktir.

Konusmada, gorev grubunun calisma modeli, literatlir taramasi ve uluslararas1 kilavuzlarin
degerlendirilmesi, klinik deneyimlerin bir araya getirilmesi ve raporun kapsaminin belirlenmesi gibi asamalar
aktarilacaktir. Algoritma siniflandirmalari, referans ve referans disi kosullarda hesap dogrulamasi, elektron
yogunluk egrisi Ol¢limleri, heterojenite dogrulugu, cok yaprakli kolimator belirsizlikleri ve uctan uca test
stirecleri gibi konu bagliklarinin se¢ilme gerekgeleri sunulacak; bu yapilandirmanin ulusal kalite giivencesi
yaklagimina nasil katki sundugu tartisilacaktir. Bu sunumun amaci, GG001 ¢alismasinin arka planini,
metodolojik temelini ve hazirlanan ulusal raporun klinik uygulamalar i¢in sagladigr biitiinciil gerceveyi
paylasarak, medikal fizik camiasinda ortak ve siirdiiriilebilir bir kalite kiiltiiriiniin gelistirilmesine katki
saglamaktir.

Anahtar Kelimeler: Tedavi Planlama, Kalite Kontrol, Kalite Giivencesi
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Gorev Grubu-002
Yiiksek Doz Hizli Brakiterapi Cihazlar1 I¢in Kalite Kontrol ve Giivence Raporu

Kerem Duruer!, Biisra Tavli?, Yusuf Ziya Hazeral®, Sule Parlar*, Hakan Eren?, Murat Okutan’, Aydin
Cakir®, Damla Poyraz’, Talat Aksu®, Halil Kiigiiciik’

"Eskisehir Osmangazi Universitesi, T1p Fakiiltesi, Radyasyon Onkolojisi Anabilim Dali
2Ulus Liv Hospital, Radyasyon Onkolojisi Klinigi

3Ege Universitesi, Tip Fakiiltesi, Radyasyon Onkolojisi Anabilim Dal

“Trakya Universitesi, Tip Fakiiltesi, Radyasyon Onkolojisi Anabilim Dal1

S[stanbul Universitesi, Onkoloji Enstitiisii, Saglik Fizigi Béliimii

®Memorial Hastanesi, Radyasyon Onkolojisi Klinigi

"Acibadem Atakent Hastanesi, Radyasyon Onkolojisi Klinigi

819 Mayis Universitesi, Tip Fakiiltesi, Radyasyon Onkolojisi Anabilim Dali
?Acibadem Altunizade Hastanesi, Radyasyon Onkolojisi Klinigi

Ozet

Bu ulusal rapor, brakiterapi cihazlar1 ve sistemleri i¢in kalite kontrol testlerinin 6nemini vurgular.
Brakiterapi, radyoaktif kaynaklarin dokuya, viicut yiizeyine veya bosluklara yerlestirilmesiyle uygulanan,
kiigtik hacimlerde yliksek dozlar veren etkili bir tedavi yontemidir. Bu tedavi yonteminin giivenli ve etkili
uygulanabilmesi i¢in kapsamli kalite kontrol testlerinin yapilmasi gereklidir. Kalite kontrol testlerinin temel
amaci, tedavi dogrulugunu ve hasta giivenligini saglamaktir. Ozellikle radyoaktif kaynak kullanimi nedeniyle,
cihazlarin dogru calisip ¢alismadigr siirekli izlenmelidir. Kalite kontrol programlari, cihazlarin kabul
testlerinden ge¢ip klinik kullanima hazir hale gelen sistemlerin performansini izlemeyi amaglar. Bu sayede,
zaman i¢inde olusabilecek sapmalar tespit edilir ve tedavi siirecinde giivenilirlik saglanir. Ayrica, hastane
calisanlarinin ve ¢evrenin radyasyon giivenliginin de saglanmasi énemlidir. Raporda, brakiterapi cihazlarmin
giivenligi, mekanik isleyisi ve doz dogrulugunu saglamak icin gerekli testler aciklanir. Uluslararasi rehberler
ve uzman goriislerine dayanan bu rapor, her testin amaci, kullanilan yontemler ve tolerans araliklar1 hakkinda
bilgi verir. Uzmanlarin deneyimi arttik¢a, kalite kontrol testlerinin siklig1 ve kapsami da gelistirilerek,
cihazlarin etkinligi ve giivenligi artirilabilir. Bu kalite kontrol siire¢lerinde, radyoaktif kaynaklarin dogru
pozisyonlandirilmasi, doz hesaplamalar1 ve tedavi sirasinda beklenmedik sapmalarin 6nlenmesi ¢ok
onemlidir. Ayrica, cihazlarin kalibrasyonu ve giivenli ¢alisma kosullar1 i¢in uluslararasi standartlara uygun
tolerans araliklar belirlenmelidir. Brakiterapi sistemlerinin uzun vadeli giivenilirligi i¢in yillik, ti¢ aylik ve
giinliik kalite kontrol prosediirleri ayrintili sekilde tanimlanmal1 ve diizenli olarak izlenmelidir.

Anahtar Kelimeler: Anahtar kelime, anahtar kelime, anahtar kelime
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Task Group-002
Guide for Quality Control and Assurance Tests in High Dose Rate Brachytherapy Units

Kerem Duruer!, Biisra Tavli?, Yusuf Ziya Hazeral®, Sule Parlar*, Hakan Eren?, Murat Okutan’, Aydin
Cakir®, Damla Poyraz’, Talat Aksu®, Halil Kiigiiciik’

'Eskisehir Osmangazi University, Faculty of Medicine, Department of Radiation Oncology
2Ulus Liv Hospital, Department of Radiation Oncology

3Ege University, Faculty of Medicine, Department of Radiation Oncology

“Trakya University, Faculty of Medicine, Department of Radiation Oncology

SIstanbul University, Institute of Oncology, Department of Health Physics
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$Ondokuz Mayis University, Faculty of Medicine, Department of Radiation Oncology
?Acibadem Altunizade Hospital, Department of Radiation Oncology

Abstract

This national report highlights the importance of quality control tests for brachytherapy devices and
systems. Brachytherapy is an effective treatment method that delivers high doses to small volumes by placing
radioactive sources within tissues, on body surfaces, or in cavities. For the safe and effective application of
this treatment, comprehensive quality control tests are required. The primary goal of quality control tests is to
ensure treatment accuracy and patient safety. Due to the use of radioactive sources, it is particularly important
to continuously monitor whether the devices are functioning correctly. Quality control programs aim to
monitor the performance of systems that have passed acceptance tests and are ready for clinical use. This
allows the detection of deviations that may occur over time, ensuring reliability during treatment.
Additionally, ensuring radiation safety for hospital staff and the environment is crucial. The report outlines
the necessary tests to ensure the safety, mechanical operation, and dose accuracy of brachytherapy devices.
Based on international guidelines and expert opinions, it provides information on the purpose of each test, the
methods used, and acceptable tolerance ranges. As experts gain experience, the frequency and scope of quality
control tests can be expanded, enhancing the efficiency and safety of the devices. In these quality control
processes, the correct positioning of radioactive sources, dose calculations, and the prevention of unexpected
deviations during treatment are of utmost importance. Furthermore, tolerance ranges in accordance with
international standards should be established for device calibration and safe operating conditions. For the long-
term reliability of brachytherapy systems, annual, quarterly, and daily quality control procedures should be
defined in detail and regularly monitored.

Keywords: Applicator, brachytherapy, safety tests, quality control
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Gorev Grubu-003
Tomotherapy/Radixact Cihazlar I¢in Kalite Kontrol ve Kalite Giivencesi Raporu

Turgay&Toksoy'
! Ali Osman Sénmez Onkoloji Hastanesi, Radyasyon Onkolojisi Béliimii

Ozet

Medikal Fizik Dernegi gorev gruplarindan MFD-GGO003, Tomotherapy ve Radixact sistemlerinde kalite
kontrol ve kalite giivence siireclerinin optimize edilmesi ve ulusal Olgekte bir standardin olusturulmasi
amactyla yapilandirilmistir. Calisma ekibinde 11 medikal fizik uzmani yer almakta olup, iilkemizde aktif
olarak kullanilan yaklasik 30 Tomotherapy sistemi goz 6niine alindiginda bu ¢aligmanin ilgili merkezlerdeki
profesyonellere 6nemli katki saglamasi hedeflenmektedir.

Calismanin temel referanst AAPM’in 2010 tarihli TG-148 raporudur. Ancak Tomotherapy sistemlerinde
donanim ve yazilim alaninda yasanan gelismeler dogrultusunda 2022 yilinda TG-306 raporunun
yayimlanmasi iizerine, hazirlanan igerigin kurgusunda TG-306’nin yapist esas alinmistir. Buna ek olarak,
Synchrony sistemi i¢in iiretici Onerileri ile klinik deneyimlere dayali QA prosediirleri de rapora dahil
edilmistir.

AAPM’in 53 ve 179 numarali raporlart ile Hollanda Radyasyon Dozimetrisi Komisyonu’nun Tomotherapy
sistemlerine yonelik 27 numarali “Quality Assurance for Tomotherapy Systems” raporu da calisma
kapsaminda yararlanilan diger 6nemli kaynaklar arasinda yer almaktadir.

Hazirlanan rapor, ulusal standartlarin belirlenmesine katkida bulunmay1 amaglamasinin yani sira, uygulamaya
yonelik bir kilavuz niteligi tasimaktadir. Bu dogrultuda, her bir test icin testin amaci, uygulanig yontemi,
kullanilabilecek ekipman ve sonuglarin degerlendirilmesine iliskin oneriler ayrintili sekilde sunulmaktadir.

Bu kapsamli yaklasimin, kurumlarin kalite stireglerinin giiglendirilmesine ve iilke genelinde tutarli, giivenilir
bir kalite giivence altyapisinin gelismesine anlamli katki saglayacagi ongoriilmektedir.

Anahtar Kelimeler: tomotherapy, radixact, kalite temini
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Task Group-003

Quality Control and Quality Assurance Report for Tomotherapy/Radixact Systems
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' Ali Osman Sénmez Oncology Hospital, Radiation Oncology Department

Abstract

Medical Physics Association working group MFD-GGO003 has been established with the aim of optimizing
quality control and quality assurance processes for Tomotherapy and Radixact systems, as well as contributing
to the development of a national standard in this field. The working group consists of 11 medical physics
experts, and considering that approximately 30 Tomotherapy systems are currently in clinical use in Tiirkiye,
this study is expected to provide significant benefits to professionals working in these centers.

The primary reference for this work is the AAPM TG-148 report published in 2010. However, with the
advancements in both hardware and software of Tomotherapy systems, the release of the TG-306 report in
2022 prompted the structure of the prepared content to be based primarily on TG-306. In addition, QA
procedures for the Synchrony system, derived from manufacturer recommendations and clinical experience,
have also been incorporated into the report.

The AAPM TG-53 and TG-179 reports, as well as the Dutch Commission on Radiation Dosimetry’s Report
27 titled “Quality Assurance for Tomotherapy Systems,” are among the other key resources utilized in the
development of this work.

The prepared report not only aims to contribute to the establishment of national standards but also serves as a
practical implementation guide. Accordingly, for each test, detailed information is provided on the test
objective, method of implementation, equipment to be used, and recommendations for the evaluation of
results.

This comprehensive approach is anticipated to strengthen institutional quality processes and to make a
meaningful contribution to the development of a consistent and reliable quality assurance infrastructure

nationwide.

Keywords: tomotherapy, radixact, quality assurance
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Gorev Grubu-004
CyberKnife Robotik Kollu Lineer Hizlandirici i¢in Kalite Kontrol ve Kalite Giivencesi Raporu
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%Medipol Mega Universite Hastanesi, Radyasyon Onkolojisi Anabilim Dals, Istanbul-Tiirkiye

Ozet

Amag: Bu calismanin amaci, Tiirkiye’de aktif olarak kullanilan CyberKnife sistemleri i¢in 6zgiin, Tiirkge ve
giincel bir kalite kontrol ve kalite giivencesi kilavuzu olusturmaktir. Mevcut uluslararasi raporlarin (6zellikle
AAPM TG-135) M6/S7 modellerindeki IRIS, InCise MLC gibi giincel teknolojiler ile kii¢iik alan dozimetri
ol¢iim gerekliliklerini yeterince icermemesi nedeniyle, bu eksikliklerin giderilmesi ve Tiirkiye ilag ve Tibbi
Cihaz Kurumu (TITCK) kalite kontrol ve kalite giivencesi siiregleri i¢in yol gdsterici, standart bir kaynak
sunulmasi hedeflenmistir.

Gerec ve Yontem: Caligsma, Tiirkiye’deki 6 farkli merkezden 7 medikal fizik¢inin katkilariyla yuriitiilmistiir.
Kilavuz hazirlanirken AAPM TG-135, Accuray Fizik Esaslar1 Kilavuzu, Kanada Medikal Fizikgiler
Organizasyonu (COMP) Raporu (Vandervoort ve ark., 2018) ve CyberKnife NeuroRadiosurgery: A Practical
Guide (Conti ve Ark., 2020) kitab1 gibi uluslararasi kaynaklar ana referanslar olarak alinmistir. Dozimetrik
Olctimler ve hizlandirici doz verimi hesaplamalart i¢in kiiclik alan dozimetrisini iceren IAEA TRS-483
protokolii temel alinmistir. Ayrica, M6 ve S7 modellerine 6zgili yeni donanimlarin (MLC, IRIS vb.) test
prosediirleri literatiir taramasi ve klinik tecriibelerle harmanlanmustir.

Bulgular: Hazirlanan raporda; giivenlik, mekanik ve dozimetrik testlerin giinliik, aylik ve yillik periyotlarda
ne zaman ve nasil uygulanacagi detaylandirilmistir. TRS-398’in kii¢iik alan dl¢timlerinde yetersiz kalmasi
nedeniyle, 6zellikle CyberKnife cihazlarinin hizlandirici verimi 6l¢timleri i¢cin TRS-483 protokoliine gore
cihaza 6zgili referans alan ve diizeltme faktorleri tanimlamalari, dedektor secim Onerileri igermektedir.
Olgiimler igin detayli agiklamalar ve dis kaynak yonlendirmelerine de yer verilmistir. MLC testleri (Picket
Fence, Garden Fence, sizint1 testleri) ve IRIS kalite kontrolleri i¢in tolerans degerleri ve aksiyon seviyeleri
belirlenmi ve test yontemleri detayli sekilde aciklanmistir. Ayrica, kilavuz film testleri i¢in de kullanim
tavsiyeleri igermektedir.

Sonug¢: Hazirlanan kalite kontrol ve kalite giivencesi raporu, CyberKnife robotik kollu lineer hizlandirici
sistemleri i¢in Tiirk¢e, glincel ve kapsamli bir bagvuru kaynagi sunmakta; uluslararasi kilavuzlari temel alirken
iilke kosullar1 ve klinik pratikle uyumlu &zgiin &neriler icermektedir. Raporun, TITCK kalite kontrol
stireclerine uyumu kolaylastirmasi, merkezler arasi uygulama farkliliklarin1 azaltmasi ve tedavilerde hasta
giivenligini artirmasi beklenmektedir.

Anahtar Kelimeler: CyberKnife, kalite kontrol, kalite glivencesi
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Gorev Grubu-005
MR Linak Cihazlar i¢in Kalite Kontrol ve Kalite Giivencesi Raporu

Osman Artun¢c TURE!
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ISaglik Fizigi Programi, Saglik Bilimleri Enstitiisii, Istanbul Medipol Universitesi

Ozet

Amag: Bu konusmanin amaci, MR Linak cihazlar i¢in bir standart kalite kontrol ve kalite glivencesi
raporunun olusturulmasina yonelik yiiriitiilen Gorev Grubu 005 (GG-005) ¢alismasinin tanitilmasidir.
(Calismanin hedefi, tiim kliniklerin ayni testleri ayn1 yontemle uygulayabilmesi, cihaz performansini
standartlastirmasi, hasta glivenligini artirmasi ve siirdiiriilebilir bir kalite kontrol raporu olusturulmasidir.

Gerec¢ ve Yontem: Calisma kapsaminda Oncelikle uluslararasi referanslar, bilimsel makaleler ve iiretici
firmalarin kabul testleri incelenmistir. Bu kaynaklar degerlendirilerek testlerin daha anlasilir, uygulanabilir ve
etkili hale getirilmesi hedeflenmistir. Grup liyeleri arasinda yapilan kapsamli tartismalar sonucunda test
sikliklari, 6l¢iim araliklar1 ve araglari, raporlama bicimleri standardize edilmistir. Ayrica, olusturulan formlar
ve agiklamalar, kullanicilarin kolayca anlayabilecegi sekilde sadelestirilmistir.

Bulgular: Calisma siirecinde bazi zorluklarla karsilagilmistir. Cihaz farkliliklari, baz1 testlerin asir1 detayli
olmasi, grup ici gorev dagiliminda yasanan sikintilar ve sayfa sinirlamalar1 bu zorluklarin basinda gelmistir.
Buna ragmen ekip calismasiyla uygulanabilir, sade ve ulusal diizeyde ortak bir test dili olusturulmustur.
Belirlenen testlerin yalnizca rehber olarak kullanilmasi, kliniklerin kendi kosullarina goére bu testleri revize
edebilecegi vurgulanmustir.

Sonu¢: GG-005 calismasi, Tiirkiye’de MR Linak cihazlar1 i¢in anlasilir, siirdiiriilebilir ve ortak bir kalite
kontrol sisteminin olusturulmasi yoniinde dnemli bir adimdir. Gelecekte tek tip 6l¢iim ve raporlama formlari,
giinliik, aylik ve yillik test tablolart ile basit ve anlasilir kontrol akiglarinin gelistirilmesi planlanmaktadir. Bu
caligma, farkli kliniklerin ayni is akisini saglayarak hasta tedavilerinde ve kalite kontrol islemlerinde bir
standart olusturulmasini amaglamaktadir.

Anahtar Kelimeler: MR Linak, Kalite Kontrol, Kalite Giivencesi
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Task Group-005

Quality Control and Quality Assurance Report for MR Linac Systems
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Abstract

Objective: The purpose of this presentation is to introduce the work of Task Group 005 (GG-005), which
was established to develop a standardized quality control (QC) and quality assurance (QA) report for MR
Linac systems. The goal of the study is to ensure that all clinics perform the same tests using uniform
methods, to standardize device performance, enhance patient safety, and create a sustainable quality control
framework.

Materials and Methods: Within the scope of this study, international references, scientific publications,
and acceptance tests provided by manufacturers were thoroughly reviewed. Based on these sources, efforts
were made to make the tests more understandable, applicable and effective. Through extensive discussions
among group members, test frequencies, measurement ranges and tools, and reporting formats were
standardized. In addition, the designed forms and explanations were simplified to be easily understood by all
users, regardless of experience level.

Results: Several challenges were encountered during the study process. Differences between systems,
excessive detail in certain tests, difficulties in task distribution among group members and page limitations
were among the main challenges. Despite these issues, a practical, simplified, and nationally unified testing
language was developed through teamwork. It was emphasized that the defined tests should serve as
guidelines, allowing clinics to revise and adapt them according to their own specific conditions.

Conclusion: The GG-005 study represents an important step toward establishing a clear, sustainable, and
unified quality control system for MR Linac systems in Turkey. In the future, the development of
standardized measurement and reporting forms, as well as simple and comprehensible daily, monthly, and
annual test templates, is planned. This initiative aims to ensure a consistent workflow among different
clinics and to create a unified standard in patient treatment and quality control practices.

Keywords: MR Linac, Quality Assurance, Quality Control
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' Gorev Grubu-006
BT-Sim Cihazlar I¢in Kalite Kontrol ve Kalite Giivencesi Raporu
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Ozet

Amac: Bilgisayarli tomografi simiilatorleri (BT-Sim), radyoterapi planlamasinin temel bilesenlerinden biridir.
Anatomik yapilarin dogru goriintiilenmesi ve hedef hacimlerin giivenilir sekilde belirlenmesi, tedavi
dogrulugu ve hasta giivenligi agisindan kritik 6neme sahiptir. Bu raporun amaci, BT-Sim cihazlarinda firma
ve uluslararasi rehberler tarafindan onerilen kalite kontrol testlerini ve yontemleri standartlagtirarak radyasyon
onkolojisi kliniklerinde tibbi fizik uzmanlarinin giivenli ve etkili bir kalite giivencesi programi olusturmalari
icin tavsiyelerde bulunmaktir.

Gere¢ ve Yontem: Bu derleme niteligindeki ¢alisma, uluslararasi diizeyde kabul gérmiis kalite gilivencesi
rehberleri ve standartlarmi esas almaktadir. Incelenen baslica referans kaynaklar arasinda IAEA TRS-430,
AAPM TG-66 ve TG-233 raporlar, IEC 61223-3-5 standardi ve COMP/CPQR teknik kalite kontrol
dokiimanlar1 bulunmaktadir. Bu kaynaklar temel alinarak BT-Sim cihazlarinda uygulanacak QA/QC testleri
dort ana kategori altinda degerlendirilmistir: (1) glivenlik kontrolleri, (2) mekanik dogruluk testleri, (3)
goriintii kalitesi degerlendirmeleri ve (4) dozimetrik 6l¢iimler. Her kategori i¢in Onerilen test sikliklari, kabul
kriterleri ve klinik uygulamalardaki siire¢ yonetimi analiz edilmistir. Ayrica AAPM TG-66U1 giincelleme
caligmas1 kapsaminda modern BT teknolojilerine uyumlu giincel QA yaklasimi1 da metodolojik cerceveye
dahil edilmistir.

Bulgular: Uluslararasi rehberler incelendiginde, BT-Sim cihazlar1 i¢in diizenli ve kapsamli bir QA/QC
programinin klinik dogruluk agisindan zorunlu oldugu goriilmektedir. Bu cihazlarin kalite kontrol ve gilivence
testlerinin belirli araliklarla yapilmasi ve sistemin genel durumunun nitel ve nicel olarak Olgiilmesi,
gorilintiileme islemlerine ek olarak tedavi kalitesinin artirilmast bakimindan énemlidir. Giivenlik testlerinin
giinliik ve haftalik periyotlarla yiiriitilmesi, mekanik dogrulugun aylik degerlendirilmesi ve goriintii kalitesi
testlerinin aylik veya ti¢ aylik araliklarla yapilmasi 6nerilmektedir. Dozimetrik testlerin ise yillik dogrulama
ve aylik stabilite kontrolleri ile desteklenmesi gerektigi belirlenmistir. Gelisen BT teknolojileri (4DCT,
dual-energy BT, genisletilmis HU skalalari, MAR algoritmalar1) dogrultusunda modern QA yaklasimlarinin
giincellenmesi gerektigi ve TG-66U1 raporunun bu ihtiyaglara yanit verecek bicimde yapilandirildig: ortaya
konmustur.
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Sonug¢: Giincel uluslararasi rehberler, kapsamli bir kalite yoOnetim ¢ercevesi sunmakta ve QA/QC
programlarinin standartlastirilmasimin klinik basari i¢in zorunlu oldugunu gostermektedir Uretici firmalar ve
uluslararasi kuruluslar tarafindan 6nerilen giivenlik testlerinin, mekanik testlerin, goriintii kalitesi testlerinin
ve dozimetrik testlerin medikal fizik uzmanlarinin sahip olduklar1 deneyim ve bilgiler 1s18inda belirlenen
aralik ve siklikta uygulanmasi BT-Sim cihazlarinin dogru ve giivenli bir sekilde kullanilmasina olanak
saglayarak klinik uygulamalarda kullanilabilir pratik bir referans sunmaktadir.

Anahtar Kelimeler: Bilgisayarli tomografi; BT-Sim; kalite kontrol ve giivence testleri; simiilasyon.
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Guide for Quality Control and Quality Assurance Tests in CT-Sim Devices
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Abstract

Objective: Computed tomography simulators (CT-Sim) constitute a fundamental component of radiotherapy
planning. Accurate visualization of anatomical structures and reliable delineation of target volumes are
essential for treatment accuracy and patient safety. The purpose of this report is to provide recommendations
for medical physics specialists in radiation oncology clinics to establish a safe and effective quality assurance
program by standardizing the quality control tests and methods recommended by the company and
international guidelines for BT-Sim devices.

Materials and Methods: This review-based study is grounded on internationally recognized quality assurance
guidelines and standards. The primary reference sources include IAEA TRS-430, AAPM TG-66 and TG-233
reports, IEC 61223-3-5, and COMP/CPQR technical quality control documents. Based on these references,
QA/QC procedures for CT-Sim systems were evaluated under four main categories: (1) safety checks,(2)
mechanical accuracy tests,(3) image quality assessments, and(4) dosimetric measurements. Recommended
testing frequencies, acceptance criteria, and workflow management in clinical applications were examined for
each category. The methodological framework additionally incorporates the updated QA perspective aligned
with modern CT technologies, as presented in the ongoing AAPM TG-66U1 revision initiative.

Results: A review of international guidelines shows that a regular and comprehensive QA/QC program for
CT-simulation (CT-Sim) systems is essential for clinical accuracy. Performing quality control and assurance
tests for these devices at specified intervals, and quantitatively and qualitatively assessing the overall
performance of the system, is important not only for imaging processes but also for improving treatment
quality. It is recommended that safety tests be conducted on a daily and weekly basis, mechanical accuracy
be evaluated monthly, and image quality tests be performed monthly or quarterly. Dosimetric tests should
include annual verification and monthly stability checks. In line with advancements in CT technologies
(4DCT, dual-energy CT, extended HU scales, MAR algorithms), it has been emphasized that modern QA
approaches should be updated, and that the TG-66U1 report has been structured to address these emerging
needs.
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Conclusion: Current international guidelines provide a comprehensive quality management framework and
demonstrate that the standardization of QA/QC programs is essential for clinical success. Implementing safety
tests, mechanical tests, image quality assessments, and dosimetric evaluations at intervals and frequencies
determined in accordance with the recommendations of manufacturers and international organizations, as well
as the expertise and judgment of medical physicists, enables the accurate and safe use of CT-Sim systems.
This approach offers a practical and applicable reference for clinical practice.

Keywords: Computed tomography; CT-Sim; quality control and assurance tests; simulation
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Gorev Grubu-008
Goriintii Kilavuzlugunda Radyoterapi (IGRT) Sistemlerinde Kalite Kontrol ve Kalite
Giivencesi Raporu
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OZET

Bu konugma, Medikal Fizik Dernegi tarafindan olusturulan gorev gruplar1 kapsaminda hazirlanan
“Gorintii Kilavuzlugunda Radyoterapi (IGRT) Sistemlerinde Kalite Kontrol ve Kalite Giivencesi Raporu
(GG-008)” hazirlanma gerekgesi, izlenen siireci ve raporun genel yapisini 6zetlemektedir. Modern
radyoterapi teknolojilerindeki hizli gelisim ve otomasyon diizeyindeki artig, goriintii kilavuzlu sistemlerin
yalnizca devreye alma asamasinda degil, rutin klinik kullanim stiresince de kararli ve giivenilir performans
gdstermesini zorunlu kilmaktadir. Ulkemizde farkl: iireticilere, yazilimlara ve gériintiileme modiillerine
sahip heterojen bir IGRT sistem parkurunun bulunmasi, klinikler aras1 uygulama farkliliklarini artirmakta
ve ulusal 6lgekte uyumlu kalite kontrol (QC) ve kalite giivencesi (QA) yaklasimlarina duyulan gereksinimi
on plana ¢ikarmaktadir.

Sunumda, ¢alismanin baslangicindan itibaren katilimcilarin belirlenmesi, merkezler aras1 mevcut
QC/QA uygulamalarinin analiz edilmesi, alt gruplarin olusturulmasi ve rapor yazim siirecinin planlanmasi
asamalar1 kronolojik olarak aktarilmaktadir. Nisan 2024’te baslayan siirecte gorev dagilimi, capraz
kontroller, kisa ve uzun format rapor hazirliklar1 ile nihai yayin siirecine ulasan tiim adimlar
sunulmaktadir. Raporun; solunum takip sistemleri, ylizey takip sistemleri, 4D-CBCT ve radyasyonlu
goriintiileme sistemleri gibi farkli IGRT teknolojilerini kapsayan genel yapisi 6zetlenmektedir.

Ayrica raporun diizenlenmesi siirecinde benimsenen uygulanabilir odakl1 yaklasim; testlerin amac,
yontem, uygulama siklig1 ve tolerans ¢ergevesinde yapilandirilmasi, alternatif test yontemleri ile farkl
fantom segeneklerinin degerlendirilmesi gibi konular da sunumda vurgulanmaktadir. Son bdliimde
raporun mevcut klinikler i¢in islevsel bir kalite standard1 olusturmasi, yeni kurulacak merkezler i¢in pratik
bir baslangi¢ rehberi sunmasi ve 4D-CBCT ile SGRT gibi ileri teknolojiler i¢in ulusal bir referans kaynagi
saglamasi bakimindan tasidigi énem vurgulanmaktadir. Bu konusmanin amaci, GG-008 gdrev grubu
calismasmin arka planini, izlenen metodolojiyi ve ortaya ¢ikan ulusal katkiyr kongre katilimecilarina
aktarmaktir.

Anahtar Kelimeler: IGRT, Kalite Giivencesi, Kalite Kontrol
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8 Kasim 2025, Cumartesi RTT-Der Oturumlari EFES SALON
OTURUM 1

IGRT’nin Klinik Rasyoneli ve IGRT Tabanli Gérilintiileme Y ontemleri

Nilsu CINI!
!Saglik Bilimleri Universitesi, Kartal Dr Liitfi Kirdar Sehir Hastanesi, Radyasyon Onkolojisi Boliimii

Ozet

Amag: Radyoterapinin (RT) temel amaci timo6r dokusunu etkin bigimde tedavi ederken komsu risk altindaki
organlar1 (OAR) radyasyondan korumaktir. Bu hedef dogrultusunda, radyasyon tedavisinin dogrulugunu ve
keskinligini artiran tekniklerin gelistirilmesine odaklanilmistir. Goriintii Kilavuzlugunda Radyoterapi (Image-
Guided Radiotherapy, IGRT) tedavi sirasinda goriintiileme kullanarak hedef konum dogrulamasi yapilmasini
saglar. IGRT de hedef hacim ve OAR’larin konumu tedavi 6ncesinde veya sirasinda elde edilen goriintiilerle
planlama sisteminden gelen referans goriintiiler karsilastirilarak dogrulanir; sapmalar diizeltilerek 151n tedavisi
uygulanir. Boylece hedef konumundaki de§isimler ve anatomik varyasyonlar tespit edilir.

Gerec¢ ve Yontem: Radyoterapi cihazlarina entegre goriintiileme sistemleri sayesinde 2 boyutlu (2B), 3
boyutlu (3B) ve 4 boyutlu (4B) IGRT teknikleri uygulanabilir. Bu sistemler arasinda MV/kV elektronik portal
gorlintiileme cihazlar1 (EPID), kV-CBCT, MV-CBCT, MVCT, manyetik rezonans goriintilleme (MRGQG)
tabanli sistemler ve ultrason (USG) tabanli goriintiileme yontemleri yer alir. Ayrica 4B timdor takibi, fidusiyal
markerlar, yiizey takip sistemleri ve solunum hareketi izleme teknolojileri de IGRT’nin gelismis
uygulamalarindandir. IGRT protokollerinde; kullanilacak goriintiileme tekniginin sec¢imi, online/offline
verifikasyon yaklagimi, interfraksiyon ve intrafraksiyon kontrol siklig1 gibi parametreler kritik Gneme sahiptir.

Bulgular: IGRT nin etkinligi, kullanilan goriintiileme teknigi ve ¢ekilen goriintiilerin dogrulama siirecinin
kalitesi ile dogrudan iliskilidir. Goriintiilenen anatomik bdlgeye gore uygun teknik secilmeli ve olas1 anatomik
degisimlerin izlenmesine yonelik net klinik protokoller olugturulmalidir. Bu siire¢te RTT lerin gelismis bilgi,
teknik beceri ve dikkat gerektiren rolii belirleyicidir. Dogru kaydirma analizi, uygun diizeltme karar1 ve
1sinlamanin giivenle baglatilmasi IGRT nin temel bilesenleridir. Literatiirde RTT'lerin IGRT'de etkin rolleri
ve teknigin gelisimine katkilar1 birgok calisma ile ortaya ¢ikarilmistir.

Sonu¢: RTT’lerin IGRT uygulamalarindaki uzmanliklari, goriintiilleme tekniklerine hakimiyetleri ve
teknolojik bilgi birikimleri, IGRT nin klinik dogrulugunu ve giivenligini artirarak tedavi kalitesine anlaml

katki saglar.

Anahtar Kelimeler: IGRT klinik rasyoneli, IGRT uygulamalarinda RTT, IGRT goriintiileme yontemleri
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Clinical Rationale for IGRT and IGRT-Based Imaging Methods

Nilsu CIN{!
"Health Sciences University, Kartal Dr. Liitfi Kirdar City Hospital, Department of Radiation Oncology

Abstract

Objective: The primary goal of radiotherapy (RT) is to effectively treat tumor tissue while sparing adjacent
organs at risk (OARs) from radiation exposure. Toward this goal, the focus has been on developing techniques
that increase the accuracy and precision of radiation therapy. Image-Guided Radiotherapy (IGRT) uses
imaging to verify target location during treatment. In IGRT, the location of the target volume and OARs is
verified by comparing images obtained before or during treatment with reference images from the planning
system. Any deviations are corrected before radiation therapy is administered. This allows for the detection
of changes in target location and anatomical variations.

Materials and Methods: Two-dimensional (2D), three-dimensional (3D), and four-dimensional (4D) IGRT
techniques can be implemented using imaging systems integrated into radiotherapy devices. These systems
include MV/kV electronic portal imaging devices (EPID), kV-CBCT, MV-CBCT, MVCT, magnetic
resonance imaging (MRI)-based systems, and ultrasound (USG)-based imaging methods. 4D tumor tracking,
fiducial markers, surface tracking systems, and respiratory motion monitoring technologies are also advanced
applications of IGRT. Parameters such as the selection of the imaging technique to be used, the online/offline
verification approach, and the frequency of interfraction and intrafraction checks are critical in IGRT
protocols.

Results: The effectiveness of IGRT is directly related to the imaging technique used and the quality of the
image verification process. The appropriate technique should be selected based on the anatomical region being
imaged, and clear clinical protocols should be established to monitor potential anatomical changes. The role
of RTTs, which requires advanced knowledge, technical skills, and attention to detail, is decisive in this
process. Accurate displacement analysis, appropriate correction decisions, and safe initiation of irradiation are
the fundamental components of IGRT. In the literature, the effective roles of RTTs in IGRT and their
contributions to the development of the technique have been revealed by many studies.

Conclusion: RTTs' expertise in IGRT applications, mastery of imaging techniques, and technological
knowledge significantly contribute to treatment quality by increasing the clinical accuracy and safety of IGRT.

Keywords: IGRT clinical rationale, RTT in IGRT applications, IGRT imaging methods.
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Ileri IGRT Uygulamalarinda Anatomi Bazli ve Vaka Bazli Gériintii Eslestirme Siirecleri,
Incelikler ve Piif Noktalari

Nilgiil Nalbant!
'Acibadem Atakent Universitesi Hastanesi, Radyasyon Onkolojisi Béliimii

Ozet

Amagc: Ileri Goriintii rehberliginde radyoterapi (IGRT) uygulamalarinda kullamlan farkli goriintiileme
modalitelerinin (kV/MV 2D, CBCT/kVCT, MVCT, SGRT, MRI) anatomik dogrulama siireclerindeki
rollerini ortaya koymak; hedef hacimlerin dogru konumlandirilmasi, kritik organlarin korunmasi ve giinliik
tedavi degiskenliklerinin kontrol edilmesi i¢in vaka bazli érneklerle karsilagtirmali bir bakis saglamaktir.

Gere¢ ve Yontem

e Gorintiileme Sistemleri:
kV/MV 2D portal goriintiileme
CBCT ve kVCT 3D goriintiileme
MVCT (Helikal Tomotherapy)
SGRT (Yiizey Takip Sistemleri)
o MR-Linac ile MRI goriintiileme
e Degerlendirme Yaklasimi:
Her sistem i¢in bas-boyun, akciger, meme, pelvis-prostat, jinekolojik ve genis alan tedavilerinden
vaka ornekleri incelendi.
Tedavi Oncesi alinan goriintiiler planlama BT s1 ile karsilastirilarak:
o Hedef hacim pozisyonlari
o Kiritik organ yer degisiklikleri
o Maske, kol/¢ene pozisyonu, solunum hareketi gibi set-up degiskenlikleri
o Longitudinal, lateral, vertikal ve rotasyonel diizeltme gereksinimleri
analiz edildi.
o Karsilastirma Kriterleri:
Goriintii kalitesi, yamusak doku goriiniirliigii, cekim siiresi, diizeltme yetenekleri, cihaz masasi ve
gantry hareketleri ile uyumluluk.

O O O O
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Bulgular

e kV/MV 2D goriintiileme kemik yapiya dayali eslestirme saglar, yumusak doku goriiniirligi diisiiktiir.
Sinirl diizeltme yapilabilir.

e CBCT/KVCT yiiksek ¢oziniirliklii 3D goriintii sunar; organ hacim degisiklikleri, ¢ene/omuz
pozisyonu, mesane-rektum dolulugu, akciger hacmi gibi giinliik varyasyonlar net olarak izlenebilir.
Pitch-roll-yaw diizeltmeleri kolaylikla belirlenir.

e  MVCT ozellikle Tomotherapy’de tedavi dncesi 3D dogrulamay1 miimkiin kilar. Cekim siiresi alana
gore uzayabilir; ¢oziiniirlik kVCT den diisiiktiir ancak kemik ve organ eslestirmede yeterlidir.

e SGRT (ylizey takip) maske, kol, ¢cene, meme pozisyon farklarini anlik izleyerek 6zellikle solunum
hareketi yonetiminde (DIBH gibi) biiylik avantaj saglamistir.

e MR-Linac goriintiilleme yumusak doku kontrasti sayesinde her fraksiyonda organ ve hedef hacim
konumlarinin en dogru sekilde degerlendirilmesini saglamis; gerektiginde adaptif planlama
yapilmasina izin vermistir.

e Vaka orneklerinde 6zellikle:

Bas-boyunda ¢ene/omuz oynakligi,

Akcigerde hacim degisiklikleri ve solunum etkisi,

Memede kol pozisyonu ve karsi meme farklari,

Prostat/mesanede doluluk degisimi,

Genis alan ve tiim viicut 1sinlamasinda uzun eksen hizalama

en kritik varyasyonlar olarak tespit edilmistir.

o O O O O

Sonugc: IGRT; hedef hacim dogrulugunu artirmak, marjlari azaltmak ve tedavi giivenligini maksimize etmek
icin vazgecilmez bir bilesendir. Farkli goriintiileme modaliteleri farkli avantajlar sunmakta olup, dogru
sistemin dogru anatomi ve klinik senaryoda tercih edilmesi tedavi dogrulugunu belirgin sekilde artirmaktadir.
CBCT/kVCT yumusak doku dogrulamasinda en yaygin ve etkili yontem olarak 6ne ¢ikarken, SGRT solunum
ve ylizey pozisyonlamada biiyiik katki saglamistir. MR-Linac ise en {ist diizey yumusak doku dogrulamasi ve
adaptif radyoterapi olanagiyla gelecegin IGRT yaklasimini temsil etmektedir.

Anahtar Kelimeler: IGRT, MVCT, kVCT, CBCT
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Advanced IGRT Applications: Anatomy-Based and Case-Based Image Registration
Processes, Techniques, and Practical Insights

Nilgul Nalbant!
! Acibadem Atakent University Hospital, Department of Radiation Oncology

Abstract

Objective: The aim of this presentation is to describe the role of advanced Image-Guided Radiotherapy
(IGRT) modalities (kV/MV 2D imaging, CBCT/kVCT, MVCT, SGRT, and MRI) in anatomical verification
processes. It highlights their contributions to accurate target localization, protection of critical organs, and
management of daily anatomical variations through case-based comparisons.

Materials and Methods:

o Imaging Systems:
kV/MV 2D portal imaging
CBCT and kVCT 3D imaging
MVCT (Helical TomoTherapy)
SGRT (Surface Guided Radiation Therapy)
o MRI imaging via MR-Linac
o Evaluation Approach:
Case examples were reviewed from head & neck, lung, breast, pelvis—prostate, gynecologic and
extended-field treatments.
Pre-treatment images were compared with planning CT to assess:
o Target volume positioning
o Critical organ shifts
o Mask, arm/chin position, breathing motion
o Longitudinal, lateral, vertical and rotational correction needs
e Comparison Criteria:
Image quality, soft-tissue visibility, acquisition time, correction capabilities, and compatibility with
couch/gantry movements were evaluated.

o O O O
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Results:

o« kV/MV 2D imaging supports bony-based matching with limited soft-tissue visibility and restricted
correction capability.

e CBCT/KVCT provides high-resolution 3D imaging, allowing detailed visualization of daily variations
such as organ volume changes, chin/shoulder motion, bladder—rectum filling, and lung expansion.
Pitch-roll-yaw corrections can be clearly identified.

e  MVCT enables 3D verification on TomoTherapy devices; although resolution is lower than kVCT, it
remains sufficient for bone and organ matching. Scan duration varies depending on field length.

e SGRT (surface guidance) effectively monitors surface, arm, chin, and breast positioning in real time,
offering significant advantages in respiratory management (e.g., DIBH).

o MR-Linac imaging provides superior soft-tissue contrast, enabling accurate assessment of target and
organ positions before each fraction and supporting adaptive radiotherapy when needed.

o Case analyses revealed that:

Chin/shoulder movement in head-and-neck treatments

Lung volume and breathing-related changes

Arm position and contralateral breast variations in breast treatments

Prostate/bladder filling differences

Long-axis alignment in craniospinal or total-body treatments

were the most critical daily variations.

O O O O O

Conclusion: IGRT is essential for improving target accuracy, reducing margins, and maximizing treatment
safety. Each imaging modality provides unique advantages, and selecting the appropriate system for each
anatomical region and clinical scenario  significantly = enhances  treatment  precision.
While CBCT/kVCT remains the most effective and widely used method for soft-tissue verification, SGRT
contributes significantly to respiratory and surface-based positioning accuracy. MR-Linac offers the highest
level of soft-tissue visualization and adaptive radiotherapy capability, representing the future direction of
IGRT.

Keywords: IGRT, MVCT, kVCT, CBCT
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8 Kasim 2025, Cumartesi RTT-Der Oturumlari EFES SALON
OTURUM 3

Ideal Offline Adaptif Radyoterapi i¢in Teknik Gereksinimler

Eda KAYA PEPELE'
"Malatya Turgut Ozal Universitesi Yesilyurt meslek Yiiksek Okulu Elektronik ve Otomasyon Béliimii
Biyomedikal Cihaz Teknoloji Programi.

Ozet

Radyoterapi (RT) siirecindeki kilo kayb, tiimor kiigiilmesi ve organ yer degistirmesi gibi anatomik degisimler,
Planlanan Hedef Hacmin (PTV) doz kapsamini azaltma ve Riskli Organlarin (OAR) doz riskini artirma
potansiyeli tagir. Bu belirsizlikleri yonetmek i¢in Offline Adaptif Radyoterapi (ART), mevcut planin giincel
gorlintiiye gore degerlendirilip yeniden planlanmasini gerektirir. Offline ART'nin klinik faydaya doniismesi,
teknik olarak giivence altma almmus bir "Olg-Degerlendir-Uyarla" déngiisiine baglidir. Bu déngii; yiiksek
kaliteli Goriintii Rehberli RT (IGRT), Rijit ve Deforme Edilebilir Goriintii Eslestirme (DIR) dogrulamasi,
kiimiilatif doz takibi ve Hasta-Ozgiil Kalite Giivencesi (PSQA) gibi kritik teknik adimlarla desteklenmelidir.

Stireg, giinliik goriintiilemede belirlenen esikleri agan bir degisiklik gortildiigiinde Radyoterapi Teknikeri'nin
(RTT) "Dur-Bildir Kurali" ile ekibi bilgilendirmesiyle tetiklenir. Risk tespit edilirse, yeniden hesaplama ve
planlama yapilir. Kurumsal protokoller ve RTT-Fizik-Hekim arasindaki giiclii senkronizasyon ("dogru plan
> dogru goriintii <> dogru DVF" eslesmesi) ve giivenlik prosediirleri (ikinci goz, time-out), hatalar1 en aza
indirerek terapotik orani artirir ve hasta glivenligini oncelikli hale getirir.

Giris: Adaptif Radyoterapi (ART), baslangicta megavoltaj portal goriintiileme ve tekrarlanan bilgisayarl
tomografi (BT) goriintiileme kullanilarak giinliik kurulum hatalarini kontrol etme siireci olarak ortaya
cikmustir (1,2). Bu siirecte "adaptif™ terimi, geri bildirim kontrol teorisindeki uyarlanabilir kontrole benzerligi
nedeniyle kullanilmistir. Ancak zamanla ART, bu modalitelerin ve tekniklerin 6tesine gegerek daha genis bir
tanima evrilmistir. (3,4).

Tedavi oncesinde yapilan tek bir planin tiim tedavi siiresince uygulanmasi, zamanla degisen hasta anatomisi
nedeniyle sorunlara yol agabilir. Tedavi siirecinde kilo kaybi, tiimor/lenf hacim kiigiilmesi, 6dem ve organ
dolulugu/yer degisimi gibi etkenler hedef (PTV) ve riskli organ (OAR) konum/sekil iliskilerini degistirerek
planlanan geometriyi bozmaktadir. Bu durum, Planlanan Hedef Hacmin (PTV) planlanandan daha az doz
almasina ve Riskli Organlarin (OAR) daha fazla doz almasina neden olabilir (5). ART, geometrik ve biyolojik
yanittaki sistematik degisikliklerin yan1 sira organ deformasyonu, dolum degisikligi, solunum ve peristaltik
hareket gibi stokastik varyasyonlari da iceren hastaya oOzel tedavi varyasyonlarini ele almak icin
uygulanmaktadir.
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ART Senaryolari ve Offline ART

Adaptif Radyoterapi uygulamalar1; fraksiyonlar arasinda saat-giin Olgeginde yiriitiilen ve kademeli
degisimlere odaklanan Offline ART, seans Oncesi dakikalar i¢inde hizli uyarlama yapan Online ART ve
1sinlama aninda dinamik diizeltmeler saglayan Real-time ART olmak {izere {lice ayrilabilir.

Wu ve ark. Cancer J. 2071,17(3):182-
189

Sekil 1. ART s akis1

Offline Adaptif Radyoterapi, radyoterapi siirecindeki fraksiyonlar arasinda elde edilen yeni goriintiiler ile
dozimetrik degerlendirmeler temel alinarak tedavi planinin masadan uzakta (off-table) yeniden gdzden
gecirilmesi ve gerekirse yeniden planlanmasidir (re-plan). Offline ART, ¢ogunlukla tedavi siireci boyunca
olusan sistematik ve ilerleyici degisiklikleri ele alir. Gozlenen degisikliklere dayali olarak hastanin tedavi
plan1 parametrelerinde yapilan ayarlamalar, mevcut tedavi fraksiyonundan sonra degistirilir.

Amag ve Hedefler: Offline Adaptif Radyoterapi'nin temel amaci, sistematik anatomi degisimleri nedeniyle
ortaya ¢ikan hedef kapsama kaybi ve OAR doz artis1 riskini, giincel goriintiiye gore yeniden planlama ve
gerekirse kiimiilatif doz izlemiyle azaltmaktir;

Bu kapsamda hedeflenen ana bilesenler sunlardir:
e Goriintii Rehberligi
e Doz Dogrulama

e Plan Uyarlama
o PSQA (Hasta-Ozgiil Kalite Giivencesi) ve uctan uca dogrulama
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Offline ART Is Akis1 ve Teknik Gereksinimler

Offline Adaptif Radyoterapi siireci; Radyasyon Onkologu, Medikal Fizik¢i, Dozimetrist ve Radyoterapi
Teknikerleri’nin koordineli ¢caligmasini ve Kalite Glivencesi (QA) ile dogrulanmis bir zinciri gerektirir.

Offline ART, 6zlinde dort temel teknolojiye ihtiyac duyar:

1. Goriintiileme

2. Degerlendirme

3. Yeniden planlama (re-plan)
4. Kalite giivencesi (QA)

A. Tetikleyici (Re-plan Endikasyonu)

o Offline Adaptif Radyoterapi (ART) siireci, baslangigta planlanan tedavi marjlarini agan ve tekrarlama
egilimi gosteren klinik-anatomik degisiklikler (6rnegin, kilo kaybi, tiimor hacminde kiiciilme, organ
yer degistirme veya deformasyonu) gozlemlendiginde tetiklenir. Bu kritik durumda, tedavi masasinda
giinliik goriintilleme ve pozisyonlama siirecini yiiriiten Radyoterapi Teknikeri (RTT), belirlenen
esiklerin disindaki bu bulguyu tespit ettiginde Fizik¢i/Onkolog'a bildirimde bulunur; bu siirece "Dur-
Bildir Kurali" ad1 verilir.

o Eger bildirilen bu bulgular, hastanin anatomik veya dozimetrik agidan risk altinda oldugunu
gosteriyorsa, tedavi ekibi tarafindan yeniden goriintileme (re-sim) ve/veya doz yeniden
hesaplama/kiimiilatif doz izleme siireci ivedilikle baglatilir.

« Karar Olgiitleri: Kiimiilatif olarak PTV kapsamas1 klinik esigin altma diisiiyorsa (6r. PTV D95 <
recete dozunun %95°1) veya Kritik OAR'larda Dmax/Dmean/Vx klinik limitleri asiyor ya da esiklere
yaklastyorsa re-plan karar1 alinir.

B. Goriintiilleme ve Eslestirme (Registration)

e Goriintilleme Gereksinimleri: CT, CBCT/MVCT ve in-room MRI gibi modaliteler, uygun
protokollerle HU dogrulugu ve geometrik biitiinliik hedeflerini saglamalidir. Klinik FOV, cilt dahil
ilgili tiim anatomiyi icermeli ve metal/hareket kaynakli artefaktlar azaltilmalidir.

o Rijit Eslestirme: Giinliik elde edilen imajlarin referans imajlarla (Planlama CT) 3 boyutlu diizlemsel
+ rotasyonel yolla eslestirilmesidir. Bu, hastanin yeniden pozisyonlanmasinda kullanilir. Ancak,
hedef/organ deformasyonu veya tiimor hacim degisimlerinde rijit eslestirme yetersiz kalabilir.

e Deforme Edilebilir Eslestirme (DIR - Deformable Image Registration): Rijit eslestirmenin yetersiz
kaldig1 hacim ve sekil degisimlerini ele almak i¢in voxel-voxel eslestirmeye ihtiya¢ duyulur. DIR,
referans goriintii ile giincel goriintii arasindaki sekil-hacim farklarin1 modelleyip her voksel igin
deformasyon vektor alan1 (DVF) lireten bir yontemdir. Amaci, yalnizca konumsal kaydin Gtesine
gecerek gercek anatomik degisimi haritalamaktir.
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C. Degerlendirme ve Yeniden Planlama (Re-plan)

e DIR Dogrulama: Klinik kullanimdan 6nce Nitel (iist liste bindirme, anatomik uyumluluk) ve Nicel
(TRE, MDA, DSC, Jacobian) dogrulama adimlarindan ge¢melidir.

e Doz Yeniden Hesaplama: Giincel goriintii iizerinde, ilk tedavi planinin ayni tedavi planlama
parametreleri (ayn1 MU) ile yeniden hesaplanmasidir. DIR dogrulamadan gecerse kiimiilatif doz
birikimi yapilir.

e Re-plan Asamasi: Re-plan karar verilirse; Goriintiileme, Konturlama (DIR kullanimiyla siireg
kisaltilabilir), Planlama ve PSQA gibi referans plan i¢in gerekli olan adimlar tekrar edilir.

D. Kalite Giivencesi (QA)

« PSQA (Hasta-Ozgiil Kalite Giivencesi): Yeniden planin doz hesabi ve iletiminin hasta-6zgiil
dogrulanmasini (plan biitlinliigi + makine teslimi) kapsar. Tipik esikler (6rnek): 3%/2 mm gamma
pass 95% ve mutlak doz %3'tiir.

e Re-plan sonrasi PSQA, giincellenen planda hesaplanan doz dagilimmin klinikte gercekten
uygulanabilirligini dogrulayarak, anatomik degisime bagl belirsizliklerin OAR doz agimlari veya PTV
kapsama kaybina doniismesini onler.

o Uctan-Uca QA: Standart Is Akislar1 (SOP), nicel esikler (PTV D95/V95, OAR Dmax/Dmean/Vx;
TRE/MDA, DSC, Jacobian) ve uctan-uca QA, her uyarlama kararinin izlenebilir ve tekrarlanabilir
olmasin saglar.

Bulgular ve Sonuc: Radyoterapi stirecinde gozlemlenen kilo kaybi, tiimor/lenf hacminde kii¢lilme ve organ
yer degistirmesi gibi anatomik degisimler nedeniyle Planlanan Hedef Hacmin (PTV) kapsaminin azalmasi ve
Riskli Organlara (OAR) verilen dozun artmasi riski ortaya ¢ikmaktadir. Literatiir, bu tiir riskleri yonetmek
icin Offline Adaptif Radyoterapi (ART) yonteminin kritik roliinii vurgulamaktadir; 6rnegin, Morgan ve ark.
tarafindan yapilan bir derleme, 6zellikle bas-boyun (H&N) adaptif radyoterapisinde anatomik degisimlerin
etkisini azaltmak amaciyla her 10 fraksiyonda bir periyodik degerlendirme yapilmasini1 énermektedir (7). Bu
yaklagimi destekler nitelikte, Simopoulou ve ark. tarafindan 2024 yilinda yayimlanan sistematik bir derleme,
Offline ART'min H&N tiimorlerinde hedef kapsamayir ve normal doku korunmasini belirgin sekilde
tyilestirdigini gostermekte ve boylece tedavi silirecindeki anatomik degisimlerin neden oldugu PTV kapsamasi
kayb1 ve OAR doz artis1 riskinin azaltilabilecegini bilimsel olarak dogrulamaktadir (8).

Sonuc¢: Offline Adaptif Radyoterapi (ART), tedavi siirecindeki anatomik degisimlerin olusturdugu
belirsizlikleri ortadan kaldirmayi hedefleyen ve teknik olarak gilivence altina alindiginda klinik fayday1
maksimize eden bir yaklagimdir. Bu adaptasyon dongiisii, sadece anatomik veriye dayali bir karar siirecinden
ibaret degildir; ayn1 zamanda Goriintii Rehberli Radyoterapi (IGRT) kalitesi, Rijit ve Deforme Edilebilir
Goriintii Eslestirme (DIR) dogrulama siiregleri, doz yeniden hesaplama/kiimiilatif doz takibi ve Hasta-Ozgiil
Kalite Giivencesi (PSQA) gibi temel teknik adimlarla desteklenmelidir. Bu ¢ok katmanli teknik giivence
mekanizmasi, alinan uyarlama kararinin dozimetrik ve geometrik olarak dogru iletilebilirligini saglamanin
anahtandir.
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Kurum tarafindan belirlenen tolerans esiklerine dayali tetikleyiciler ve net protokollerle olusturulmus teknik
altyap1 sayesinde Offline ART:

e Terapotik Oram Artirir: Hedef hacim kapsamasini siirdiirerek ve kritik organ dozlarini limitler
icinde tutarak tedavi basarisini yiikseltirken, yan etki olasiligin1 (komplikasyon riskini) azaltabilir. Bu
durum, tedavi penceresinin genisletilmesini ve klinik sonuglarin iyilesmesini saglar.

o Kaynak Kullanimimm Rasyonellestirir: Adaptif kararlarin sistematik olarak alinmasi, gereksiz
yeniden planlamalar1 6nleyerek hem personel zamanini hem de cihaz kapasitesini daha verimli
kullanmay1 miimkiin kilar.

o Hasta Giivenligini Giiclendirir: Ugtan uca QA ve dogrulama siireclerini standartlagtirarak, tedavi
sirasinda olusabilecek hatalari1 en aza indirir ve hasta merkezli bir giivenlik ¢ercevesi sunar.

Ekip Senkronizasyonunun Onemi

Bu karmasik adaptif dongiiniin basarisinda Radyoterapi Teknikerleri (RTT), Medikal Fizikgiler ve Radyasyon
Onkologlarindan olusan ekibin senkronizasyonu kritik bir 6neme sahiptir. Hata riskini sistematik olarak
azaltmak i¢in:

e "Dogru Plan < Dogru Goriintii < Dogru DVF" eslesmesi, adaptif siirecin temelini olusturur ve
tiim paydaslar tarafindan onaylanmalidir.

« 1lkinci Géz (Double Check) ve her kritik asamada uygulanan Time-out prosediirleri, hatalarmn
olusmadan yakalanmasi i¢in vazgec¢ilmez bir giivenlik bariyeri saglar.

Sonug olarak, Offline ART'nin klinik faydalari, sadece anatomik degisimleri fark etmekle degil, bu
degisimlere dogrulanmis ve teknik olarak giivenilir bir sekilde uyum saglamakla miimkiindiir.

Anahtar Kelimeler: Adaptif Radyoterapi, Offline ART, Deforme Edilebilir Goriintii Eslestirme (DIR),
Hasta-Ozgiil Kalite Giivencesi (PSQA), Teknik Gereksinimler.
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Offline Adaptif Radyoterapi: Olgu Tartismasi

Oya Ariker!
! Gazi Universitesi Tip Fakiiltesi, Radyasyon Onkolojisi Anabilim Dali

Ozet
Adaptif Radyoterapi (ART) nin amaci, tedavi siirecinde meydana gelen degisimleri belirleyerek planin
adaptasyonunu saglamak hastaya verilen dozu optimal planlanan doza esit hale getirmektir.

Offline ART, tedavi siiresince anatomik ve geometrik degisiklere bagli olarak planin yeniden optimize
edilmesini saglayan bir yaklagimdir. ART hastaya 6zgii bir yontemdir.Bu yontem: 6zellikle kilo kaybi, kritik
organ hareketlilikleri, timoér hacmindeki kiiclilmeler ve degisikliklerin oldugu durumlarda 6nem kazanir.
Radyoterapide, hastaya uygulanan tedavinin dogrulugunu kontrol etmek i¢in; tedavi sirasinda, iki veya ii¢
boyutlu goriintiileme ile tedavi alaninin kontrol edildigi “goriintii kilavuzlugunda radyoterapi” (image-guided
radiation therapy- IGRT) yontemleri kullanilmaktadir.Ancak CBCT (Cone Beam Computer Tomography-
CBCT)’ nin hastaya verilen dozdaki degisimleri ve dozimetrik hatalar1 diizeltme yetenegi yoktur. Tedavi
esnasinda, ¢ekilen CBCT ile elde edilen goriintiiler analiz edildiginde organ hareketleri ve setup hatalar tespit
edilir.Fakat hastanin kilo degisimi, tiimor hacminin kii¢iilmesi,tiimoriin yerdegistirmesi, normal ve kritik
organlarin yer degisikligi gibi hastaya 6zgii olan olaylardan dolay1 olusan farkliliklara diizeltilemez bu noktada
offline ART tedavi ile bu degisimler saptanarak planin yeniden yapilmasi ile verilen doz dagilimin optimal
doz dagilimina esit hale getirilmesi saglanir. ART en sik bas boyun, akciger, mesane, prostat, 6zafagus,
karaciger kanseri hastalarinin tedavilerinde kullanilir.

ART’m klinik kazanimlari: tiimor doz dagilimini iyilestirir, normal dokular daha iyi korunur, kritik organ
dozlarim iyilestirir, Radyoterapi tedavi plan kalitesini artirir,daha tutarli doz dagilimi ve toksisite azalimi
saglar,hastaya 0zel tedavi yaklasimi saglar.Dezavantajlar ise hastanin tedaviye alinma zamani, is yiikiinii
artirmasidir. ART ta tekniker; adaptif siiregte goriintii degerlendirme ve degisiklik farkindaligi agisindan,
goriintii kalitesi ve pozisyon dogrulugu degerlendirmede, anatomik degisikliklerin fark edilmesinde kritik rol
oynar. Sonug olarak; ART gelecegin kisisellestirilmis tedavi yontemidir. Teknikerlerin bu konuda egitim almast
son derece onemlidir. ART klinikte bir is akis1 standartasyonu saglamay1 gerektirmektedir.

Anahtar Kelimeler: Offline Adaptif Radyoterapi, kanser
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8 Kasim 2025, Cumartesi RTT-Der Oturumlari EFES SALON
OTURUM 4

Solunum Kontrol Teknikleri ile Hareket Yonetimi: DIBH, DEBH, ABC

Osman Artung TURE!
Tstanbul Onkoloji Hastanesi . )
'Saglik Fizigi Programi, Saglik Bilimleri Enstitiisii, Istanbul Medipol Universitesi

Ozet

Amag: Bu konusmanin amaci radyoterapide solunum hareketinden kaynaklanan dozimetrik hatalar1 azaltmak
ve tedavi dogrulugunu artirmak amaciyla gelistirilen nefes tutma tekniklerinin (ABC, DIBH, EBH)
karsilastirmali olarak tanitilmasidir. Ozellikle meme, akciger, karacier ve abdominal bdlge tiimorlerinde
solunum kaynakl1 hareketlerin tedavi planlamas1 ve uygulamasina etkisini ortaya koymak hedeflenmistir.

Gere¢ ve Yontem: Konugmada ti¢ farkli nefes tutma teknigi detaylandirilmistir: ABC (Active Breathing
Coordinator), Elekta sistemlerinde kullanilan, hastanin akciger hacmini spirometre araciligiyla kontrol eden
bir yontemdir. Hastanin nefes hacmi izlenerek belirli bir esigi asinca hava akist durdurulur ve nefes tutma fazi
sabitlenir. DIBH (Deep Inspiration Breath Hold), Varian sistemlerinde kullanilan, infrared kamera ve gating
box aracihigiyla nefesin derinlik ve tekrarlanabilirligini kontrol eden tekniktir. Ozellikle meme
radyoterapisinde kalbi korumak i¢in tercih edilir. EBH (Exhale Breath Hold): Hastanin nefesini maksimum
sekilde verdikten sonra tuttugu, 6zellikle abdominal SBRT ve pankreas tedavilerinde kullanilan yontemdir.
Her teknik i¢in sistem bilesenleri (kontrol modiilii, hasta arayiizii, yazilim, kalibrasyon siirecleri) ve hasta
egitimi agamalar1 anlatilmistir.

Bulgular: Serbest solunum sirasinda tiimdriin hareketi tedavi dogrulugunu azaltmakta; goriintiileme,
planlama ve 1s1nlama asamalarinda hatalara yol agmaktadir. Nefes tutma teknikleri, bu hareketleri sinirlayarak
daha kiigtik PTV marjlari, daha diigiik normal doku dozlar1 ve daha dogru doz dagilimi saglar. ABC sistemi,
solunum hacmini dogrudan 6l¢tiigii i¢in yiiksek tekrarlanabilirlik sunar. DIBH sistemi, 6zellikle sol meme
tedavilerinde kalp dozunu azaltmakta ve akciger hacmini arttirarak akciger dozunu azaltmak ile 6ne ¢ikar.
EBH teknigi, stabil pozisyonlama saglasa da hasta i¢in zordur ve herkes i¢in uygun degildir.

Sonug¢: Radyoterapide solunum hareketlerinin yonetimi, tedavi etkinligi ve giivenligi agisindan kritik
onemdedir. ABC, DIBH ve EBH teknikleri, farkli klinik senaryolarda kullanilabilecek etkili nefes tutma
yontemleri olup; ABC, yliiksek kontrol ve tekrarlanabilirlik, DIBH, kalp ve akciger korumasi, EBH, stabilite
avantaj1 sunar. Her hastanin durumu ve uyum yetenegi dikkate alinarak en uygun yontem seg¢ilmelidir.

Anahtar Kelimeler: DIBH, DEBH, ABC, Solunum Kontrol
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Respiratory Control Techniques for Motion Management: DIBH, DEBH, and ABC

Osman Artun¢ TURE!
'Tstanbul Oncology Hospital
"Department of Health Physics, Graduate School of Health Sciences, Istanbul Medipol University

Abstract

Objective: The purpose of this presentation is to provide a comparative overview of breath-hold techniques
(ABC, DIBH, EBH) developed to reduce dosimetric errors caused by respiratory motion and to improve
treatment accuracy in radiotherapy. The aim is to demonstrate the impact of respiration-induced motion on
treatment planning and delivery, particularly in tumors of the breast, lung, liver, and abdominal regions.

Materials and Methods: Three different breath-hold techniques were detailed in the presentation: ABC
(Active Breathing Coordinator) is a method used in Elekta systems that controls the patients lung volume
via a spirometer. When the patients inhaled air volume exceeds a predefined threshold, the airflow is
automatically stopped, and the breath-hold phase is stabilized. DIBH (Deep Inspiration Breath Hold) is a
technique used in Varian systems that utilizes an infrared camera and a gating box to monitor and control
the depth and reproducibility of breathing. It is particularly preferred in breast radiotherapy to minimize
heart dose. EBH (Exhale Breath Hold) is a method in which the patient holds their breath after maximal
exhalation and is mainly used in abdominal SBRT and pancreatic treatments. For each technique, the system
components (control module, patient interface, software, calibration process) and stages of patient training
were described.

Results: Tumor motion during free breathing reduces treatment accuracy and causes errors in imaging,
planning, and irradiation stages. Breath-hold techniques limit these movements, providing smaller PTV
margins, lower normal tissue doses, and more accurate dose distributions. The ABC system offers high
reproducibility since it directly measures lung volume. The DIBH system is particularly advantageous in left
breast treatments, as it reduces cardiac dose and increases lung volume, thereby lowering lung dose. The EBH
technique provides stable positioning, but it is more challenging for patients and may not be suitable for
everyone.

Conclusion: The management of respiratory motion in radiotherapy is critical for treatment effectiveness and
safety. ABC, DIBH, and EBH techniques are effective breath-hold methods that can be applied in different
clinical scenarios. ABC provides high control and reproducibility, DIBH offers cardiac and pulmonary
protection, and EBH ensures stability. The most appropriate method should be selected based on the patient’s
condition and ability to comply with the procedure.

Keywords: DIBH, DEBH, ABC, Respiratory Control

362



2 O Ulusal Medikﬁi‘ri@)
8

Fizik Kongresi () ¢
6-9 Kasim 2025 ' x

Pine Bay Holiday Resort, Kusadasi / AYDIN / = N

Gating ile Hareket Yonetimi: Faz ve Genlik Gating (Kapilama)

Oguzhan Ayrancioglu!
"zmir Tmaztepe Universitesi Galen Hastanesi, Radyasyon Onkolojisi

OZET

Bu konugsma, radyoterapide tiimor ve organ hareketlerini kontrol etmeyi amaglayan gating (kapilama)
tekniklerini; 6zellikle faz (phase) ve genlik (amplitude) temelli yaklagimlar {izerinden, fiziksel temelleri ve
klinik uygulama boyutuyla kapsamli bir bi¢imde ele almaktadir. Solunum hareketi tedavi sirasinda hedef
hacmin yer degistirmesine neden oldugundan, gating yontemleri 1sinlamanin yalnizca belirlenen solunum
araliklarinda gerceklestirilmesini saglayarak tedavi dogrulugunu ve saglikli doku korunmasini artirir.

Sunumun ilk boliimiinde solunum hareketinin olusumu, solunum sinyalinin Slgiilmesi, frekans ve
genlik degisimlerinin izlenmesi ile kap1 agma mekanizmasinin nasil ¢alistig1 basit analojilerle agiklanacaktir.
Faz ve genlik sinyallerinin ayristirilmasi ve gating sistemleri tarafindan islenmesi, temel prensipleriyle birlikte
teorik bir cergevede sunulacaktir. Devaminda, faz ve genlik kapilama yontemlerinin 4B BT simiilasyonu ile
iligkisi, 4B BT goriintiilerinden internal tiimor hacminin (ITV) belirlenmesi ve fazlara ayrilmis goriintiilerden
bilgi elde edilmesi gibi konular ele alinacaktir. Klinik uygulamalarda kullanilan 6rnek faz ve genlik araliklar
tizerinden bu tekniklerin nasil uygulandig1 gosterilecektir. Son bdliimde, farkli gating yontemlerinin klinik
pratikteki avantaj ve sinirliliklar1 6zetlenecek; hareket yonetiminde bu tekniklerin tedavi etkinligi, hedefleme
dogrulugu ve hasta gilivenligi agisindan neden 6nemli oldugu genel hatlariyla degerlendirilecektir.

Bu konusmanin amaci, faz ve genlik temelli gating (kapilama) yontemlerini biitlinciil bir bakigla
sunmak, bu tekniklerin modern radyoterapi uygulamalarindaki yerini agiklamak ve klinik karar siire¢lerinde

neden kritik bir rol oynadiklarini ortaya koymaktir.

Anahtar Kelimeler: Gating, Kapilama, Faz Kapilama, Genlik Kapilama
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Yiizey Takip Sistemlerinin (SGRT) Kullanim Alanlar1 ve Klinik Avantajlar

Yeliz Yal¢in!
'Aydin Atatiirk Devlet Hastanesi Radyasyon Onkolojisi Bélimii
"Denizli Onkomer Ozel Onkoloji Merkezi

SGRT, hastanin yiizey anatomisini 3 boyutlu olarak izleyerek tedavi sirasinda dogru pozisyonlama ve
hareket kontrolii saglar. SGRT, sistemleri yalnizca radyoterapi odakli degildir; pozisyonlama, hareket takibi
ve giivenlik gerektiren pek ¢ok alanda kullanilabilir;

e DIBH (Deep Inspiration Breath Hold) teknigiyle kalp dozunu azaltir, Maskesiz veya daha az
kisitlayict maske ile tedavi olanagi saglar.

Milimetrik hassasiyet gerektiren beyin, akciger, karaciger ve spinal tedavilerde kullanilir.
Tedavi boyunca ylizey hareketlerini izleyerek hasta sabitligini saglar.

Uygunsuz pozisyon algilandiginda tedaviyi otomatik durdurabilir.

3D yiizey tanima teknolojisi sayesinde yanlis hasta veya yanlis alan 1sinlama riskini azaltir.
Nefes alma, kas segirmesi veya oksiirme gibi istemsiz hareketleri tespit eder.

“Gated” (kapil1) radyoterapide sadece belirli hareket araliklarinda 1sinlamay1 saglar.

SGRT tedavi dogrulugu ve giivenligi agisindan ¢ok gelismis bir sistem olsa da, dogru ve etkin
kullanilabilmesi i¢in bazi1 klinik, teknik ve hasta kaynakli dikkat noktalar1 vardir.

CT kesit kalinligi

CT’de harekete baglh artifact

CT masasinda hasta altina serilen masa Ortiisii rengi

CT ¢ekiminde bandaj-marker

Hasta tizerinde herhangi bir kiyafet olmamalidir. SGRT uygulamalarinda, tedavi dncesi 1s1nlanacak
alan ile uyumlu bolgeler mutlaka sisteme tanitiimalidir.

BREAST RO SRS BRAIN / SBRT EXTRIMETIES / PELVIS

LUNG ABDOMEN

w A F
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