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* Konvansiyonel radyoterapide tedavi sirasinda olusabilecek set —up
farkhhklari ve internal organ hareketlerinden kaynaklanacak degisimler goz

oninde bulundurularak hedef cevresine planlanan hedef hacim(PTV) mariji
verildi (ICRU-50 1993).

* Ancak tedavi hacmindeki artis sonucunda isinlanan normal doku hacmi
artarken timoér dozunda daha ylksek doza ¢ikabilme imkani sinirliydi

* Daha sonra IMRT ile hedef cevresinde hizli doz diisusui ile normal dokular
daha iyi korundu. Hedef hacimde konformal doz dagilimi saglandi



Gunlik anatomi, hedef hacim ve pozisyondaki degisiklikler verilen doz ile
planlanan doz arasinda farkliliklara yol acarak hedef hacmin az, cevre
normal dokunun fazla doz almasina neden olabiliyor

Bu nedenle tedavi sirasinda 2 ve 3 boyutlu goruntileme ile tedavi alanini
kontrol edebilme “goriintl kilavuzlugunda radyoterapi (IGRT) yontemi
gelistirildi

RT stresince hastanin kilo degisiminden dolayi(en ¢ok kilo kaybi) dis kontur
degisimi, timor kiculmesi, timorun yer degistirmesi, normal dokularda
deformasyon ve sekil degisikligi gorulebilir

Bu degisimler klinik olarak onemli dozimetrik degisikliklere sebeb
olmaktadir



* |GRT TEDAVI PLANLAMASINI I[CERMEZ!!!

o HASTAYA VERILEN DOZDAKI POTANSIYEL DEGISIMLERI VE DOZIMETRIK
HATALARI DUZELTME YETENEGI YOKTUR

®* Bu nedenlerden dolayi ART ihtiyaci dogmustur.



® Bas-boyun kanserleri tedavisinde IMRT ile

e parotis,
e superior farengeal konstruktur,
e kohlea ve diger yapilara

kontrolli dozun verilebilmesinin yasam kalitesini artirdigi bir ¢cok
calismada gosterilmistir

® Bas-Boyun bolgesi kanserleri doz cevabina bagl
e organ deformasyonu ve hacim azalmasi,
e tiimoral/ nodal hacimde kiclilme,
e kilo kaybiu,
e normal doku / glanddaki degisim,
e postop degisikliklerin ve 6demin gerilemesi
nedeniyle ART'den fayda goruilecek bir alandir.
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RT nedir?

Adaptif RT, radyoterapi doz dagiliminin optimizasyonu i¢in tedavi sirasinda hasta pozisyonu veya
tedavi planinin degistirilmesidir

Amac tedavi slirecindeki degisimleri 6lcerek planin yeniden adaptasyonu ile verilen doz dagilimini
planlanan optimal doz dagilimina esit hale getirmektir

ART'deki temel prensipanatomik degisikligi saptayarak tedavi planini buna gére modifiye etmek
planlama ve tedavide optimal olarak hedefin kapsandigi ve kritik organlarin (OAR) korundugundan
emin olmaktir. .

ART goriunti kilavuzlugunda radyoterapinin(IGRT) daha ileri asamasidir

1.Gorunti Kilavuzlugu: Gortintii eldesi ve gortinti eslestirlmesi
2.Tedavi adaptasyonu: Online , offline, Real time
3.Doz dogrulamasi: Guinliik , Toplam

Adaptif radyoterapi daha ¢ok kisiye 6zgul tedavidir



7A%nedir?

* Volumetrik goriintilerin elde edilmesi ( 3D CBCT ve 3D MVCT)

» Hasta tedavi odasinda yatarken alinan 3 boyutlu goriintiiler ile planlama yapilan
BT kesitlerinin kiyaslanmasi

* Gorunti eslestirlmesi

* RIJIT: Giinliik elde edilen goriintiilerin referans imajlarla 3 boyutlu veya 3 boyutlu
+rotasyonel eslestirilmesi.Hastanin yeniden pozisyonlanmasinda kullanilir.

* Rijit eslestirme kemik yapiya gore yapilir sekil ve volium degisimlerinde yeterli
olmaya bilir

* Deforme edilebilir: Planlama ve giinliik goriintii setleri arasinda geometrik

haritalama islemi yaparak planlama CT datasi tizerindeki organ yerlesimini alinan 3
boyutlu CT datasi tizerine tasir.
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ART nedir?

* Offline Planlama: Giinliik gortiintiintin alindig: fraksiyonda degil sonraki
fraksiyonlarda kullanilirak, setup hatalar1 ve organ hareketinden kaynaklanan
sistemik hatalar1 onleme imkani sunar

ONLINE PLANLAMA
® Orijinal planin olusturulmasi ,
* tedaviden hemen Once tedavi odasinda goriintii alinmasi,
* yeni goruntiilerin simiilasyon goriintiileri ile eglestirlmesi,
* konturlar otomatik olusturmak ve tekrar optimize ederek yeni tedavi plam
olusturmak
* Tedavi planinin degerlendirlmesi ve hastaya uygulanmasi



Reference Planning CT Bone Rigidly Aligned Deformed Contours to
Daily CT Match with the Daily CT



Final dose-volume

Daily cone beam
histogramme (HDV)
computed tomography @ (= sum of daity HDV + daily CBCT)
: \ o F 4
Organs at risk volumes ; Voxel by
Automatic re-delineation Uﬂpﬂlmﬂdﬂ-
H volumes modification,
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® Gross tumor ve / veya lenf nodu ¢capinin maximal diametri en az 4 cm olan
14 Bas- boyun kanserli hasta

e TUm hastalar definitif KRT

e CT tum RT boyunca haftada 3 kez ¢cekilmis ve bittn volimler manuel
konturlanmis

® (2 vertebra referans noktasi alinmis.
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® Gross tumor volimd fraksiyon basina median 0.2 cm3 (0.01-1.95 cm3),
ylzde olarak fraksyon basina median 1.8 % ( 0.2 — 3.1 % / giin) klictUlmustir

* Tedavinin son glinlinde, gross timaor volim kaybi median 69.5% (9..9 —
91.9 %) idi

® Ek olarak, kuiclilen gross timoriin merkezi zamanla pozisyon degistirdi, bu
da GTV kaybinin siklikla asimetrik oldugunu gosteriyor.

* Tedavi tamamlandiginda gross timor merkezinin pozisyon degistirmesinin
median degeri 3.3 mm (0-17.3 mm) idi.

* Parotid gland glnlik volium kaybi median 0.19 cm3 ( 0.04 — 0.84 cm3)

* Parotid glandin en cok mediala sift yapti median sift degeri 3.1 mm (0-
9.9mm)

* Yer degistirme kilo kaybi ile orantili idi
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® Bas boyun kanserlerinde RT boyunca 6l¢ulebilir anatomik degisiklikler
goruldi

* Volum ve yerlesimdeki degisiklikler tedavinin 3-4. haftasindan sonra
anlamliydi ve uygun tedavi teknikleri kullanildiginda potansiyel dozimetrik
etkiye sahip olabilir

® Bu veriler, tedavi ile iliskili anatomik degisiklikleri hesaba katan adaptif bir
RT semasinin (konformal tedavi planinin periyodik olarak ayarlanmasi)
gelistiriimesinde faydali olabilir.

* Teorik olarak boyle bir strateji RT’nin terapotik oranini maksimize
edecektir.
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ART dosimetric benefits

® Parotid gland kiicilmesi en sik 2- 5 hafta arasi

* Tedavi sonunda volum kaybi yaklasik 26-30%

* Volum kayb ettikce parotis merkezi orta cizgiye dogru kayar

* En sik volim kaybi ipsilateral parotisde olur ve bu doz bagl ola bilir.

* Yerdegistirme, kilo kaybi, mean parotis dozu ve gross tumor / lenf nodu
volum kaybi ile koreledir

® 4 Gy < uzerindeki mean parotis doz artisinda re planlamanin xerostomiye
faydasi ola bilir (Hunter KU 2013 int J Rad Oncol Biol Phys)

® Submandibular glandlarda da volum kaybi ve sekil degisikligi oluyor.
* ipsilateral SBG daha cok etkilenir
® RT suresince Volum kaybi 11-30%
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RT dosimetric benefits

Spinal kord ve beyin sapi hacim degistirmez ancak kilo kaybina bagli
eksternal konturla iligkili olarak kaya bilir.

Minor doz farki olur ¢linki hastalar a genelde re plan yapilir
Larinks , mandibula ve oral kavite
Larinks ve konstriktir kasi volimu 6deme bagli olarak artis gostere bilir

Masticator ve Sternocleidomastoid kaslarinda daha cok kilo kaybina bagl
volum kaybi olur

Ancak bu degiklikler hentiz re planlama ihtiyaci dogurmuyor

Eksternal kontur(BODY): Kilo ve subkiitanoz yag kaybi nedeniyle kontur
degisikligi olabiliyor.

OAR’larda doz degisikligi bazen Eksternal kontur degisikligine bagli ola
biliyor.



Modifications of the volume and dose of the organs at risk during head and neck cancer irradiation

Study Cirgans Yolume changes Dose changes
Barker et al. [5] Parotid Median reduction: 0019 cm "n"d.:l}' Mol specified
Lo et al. [6] Parotid Mean volume reduction Mizan dose increase
Ip=ilatcral: 30.2% Ipsilateral: 8.9%
FL'H!ILI'EI.II-I.."I'HI.' |7.ﬁ":= r:nlmld-:ml: 19 3%
Spinal cord Mo change Mean dose increase: 0.5%
Paticnt contowr Mean volume redwction: 3500 mil Mot specified
Castadot et al. [7] Parotid Mot specificd Mot specificd

Hansen et al. [9)

Bhide el al, [10]
Bando et al. [12]
Duma et al. [14)

Modihcaisons of the vwolame and dose of the argans af nsk dunug head and neck cancer irmadhation

Parotid

Spinal cord
Braun stem
Parotids

Submandibular glands

Miack

Contralateral: 1.3%/day

Mean volume reduction:

Right: 15.6%

Lei: 21.5%

Mot specified

Mot specified

Mean volume neduction

¢ 14T

Mean volume reduction:

Right: 30¢%
Lah: 27%
T% volume loss

Mean volume reduction:

Right: 175
Leh: 25

Mean dose increase:

Significan! only for right

Parotid

Mean maximum dose increase: 4.5 Gy
Mean maximum dose increase: 3.1 Gy
Ipsilateral: 2.7 Gy increase
Contralsteral: not significant

Not specificd

Mol specified

Median dose increase
Right: 9%

Lefi: 4%



Modifications of the volume and dose of the organs at risk during head and neck cancer irradiation

Chen et al. [15]

Robar et al. [16]

Wang et al. [17]

Lee et al. [18]
Wu et al. [19]

Vasquez Osorio et al. [20]

Parotid

Parotid

Parotids
Submandibular glands
Parotids

Parotid

Spinal cord
Brain Stem
Mandible
Parotid

Submandibular gland

Mean volume reduction:
Right: 6.7%/weck

Left: 6.5% week

Mean volume reduction
Right: 5%/week

Left: 4. 7% 'week

Mean volume reduction: 205
Mean volume reduction: 11.4%
Median volume loss: 21%
Mean volume reduction:
Right: 14%

Lefi: 1295

Mot specified

Not specified

Mot specified

Mean volume reduction:
Ipsilateral: 17%
contralateral: 5%

Mean volume reduction:
Ipsilateral: 205
Contralaieral: 11%

Mean dose increase:
Right: 11 Gy

Left: 9.8 Gy

Mean dose:
Reduction: 5.6% (nght)
Increase; 6.4% (lefi)
Not specified

Not specified

Not specified

Mean increase:
Right: 10F

Lefi: 10%

No change

No change

No change

Not specified

Mot specified



Modifications of the volume and dose of the organs at risk during head and neck cancer irradiation

Study Oirgans Volume changes Dose changes
Ballivy et al. [21] Parotid Not specified Mean dose increase:
Ipsilateral; 2-3 Gy
Contralateral: 1-1.5 Gy
Spinal cond Not specified Maximum dose increase: 2 Gy
Brain stem Not specified Maximum dose increase: 2 Gy
Larynx Not specified Mean dose increase: 2.8 Gy
Mandible Not specified Maximum dose increase: | Gy
Cazoulat et al. [22 Parotids Not specified Mean dose increase: 12%
Ricchett ei al. [ 23] Parotids Mean volume reduction Mot specified
Ipsilateral: 31.9%
Contralateral: 26 4%
Submandibular glands Mean volume reduction: Nl gpecified
Ipsilateral: 26.9%
Contralateral: 19.7%
Larynx Mean volume increase: 15.7% Not specified
Constrictor muscles Mean volume increase: 16 90 Not specified

SCM

Muasticator muscles

Thymoid

Mean volume reduction:

Ipsilateral: 8.4%
Contralateral: 7.8%

Mean volume reduction:

Ipsilateral: 5.9%
Contralateral: 8.2%

Mean volume reduction: 8. 7%

Nod specified

Not specified

Mot specihed
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ART klinik faydasi



CPRIGIMAL ARTICLE

Climical outcomes among patients with head and neck cancer treated by
intensity-modulated radiotherapy with and without adaptive replanning

Ajlen B, Chen, MO,” Megan E. Daby, MDD, Jdieg Cui, PFhiD, Matteew Maothol, CMD, Stankbey Benedict PhD, domes & Pudy, PhiD

Danfunilivsm il o Pl slices Chirnscdasiny, Livuheasr Sl By Ol Uil oeimin Ddrwin Coemigeialsin ey Ciareces Uiwvler, Sy el Ul il s,

TABLE 1. Clinical and disease characteristics.

Char s teriatic Adaptive ) M onad aptive ()

Primary site (p = .54) o . . .
Oropharynx 22 (43) 105 (39) TABLE 2. Predominant indications for adaplive replanning.
Dral cawvity B (16) Bi6 (25)

Larynx/hypopharymx 8 (16) 56 (21)
Nasopharynx 8 (16) 17 (7) Indication No. of patients (%)
Unknown primary 5 (10) 22 (8)

Clinical T classification (p = .63) L
TO 5 (10) 22 (8) Weight loss 171(33)
T 7 (14) 70 (286) ;

L1 11 (22) 85 (24) Tumsmﬂme 12 (24)
T2 11 (22) 53 (20) Poorly fitting mask 12 (24)
T4 17 (33) 56 (21)

Clinical N classification (p = 30) Pl’ﬂh‘bgﬁdh‘ﬁi 10 |:E'ﬂ}
ND 6 (12) 50 (30)

M1 6 (12) 48 (18)
N2 27 (53) 129 (49)
N3 12 (24) 39(15)

Age (p = .01)

T 22 (43) 140 (53)
=57y 29 (57) 126 (47)

Radiation modality (p = .01)

Definitive 30 (786) 140 (52)
Postoperative 12 (24) 126 (47)

Concurrent chemotherapy (o = .01}

Yes 33 (65) 111 (41)
No 28 (55) 155 (58)
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Climical outcomes among patients with head and neck cancer treated by
intensity-modulated radiotherapy with and without adaptive replanning

Slhiery B DFmare, ML, Raagean £ Daky, R, Jieeg o, FTLE, BMalfesesys Malfasel, ALY, ShEaarsleny Baarveeddscl, FPRLE, dasrvees & oy, Pkl
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® Retrospective

* Toplam 317 hasta, median doz 66 Gy (60-74Gy)

® 51 hasta adaptiv radyoterapi yapiimis

* ART planlamasi median 40 Gy(10-58 Gy)

e 2 vyilhk sag kalim ART ve non ART grublarinda 73% vs 79% (p=0.55)

* ART ve non ART grublarinda 2 yillik lokal regionel kontrol sirasiyla 88 % ve
79% (p=0.01)

® ART grubunda toplam 4 hastada lokal regionel niiks vardi lokal regionel
reklrrensin median zmani 7 ay ( 3-15 ay). Bitin niksler PTV volimd
icerisindeydi.

* Akut ve gec toksisite farki yok



COORIGIMAL ARTICLE

Clinical outcomes among patients with head and neck cancer treated by
intensity-modulated radiotherapy with and without adaptive replanning

Alan M, Crean, MO, BMeagan £, Daly, MO, Jeag Cod, PR, Mathsesss Mathsal, CRD, Standey Banaecdsct PhiD, Jasmas A, Pocdy, PRD
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FIGURE 1. Overall survival among patients trealed with intensity-
modulated radiation therapy (MRT) for head and neck cancer
according o whether adaptive radiotherapy (ART) was per-
formed. [Color figure can be viewed in the online issue, which s
available at wileyonlinelibrary.com.)
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FIGURE 2. Local-regional control among patients treated with
intensity-modulated radiation therapy |MRT) for head and neck
cancer according to whether adaptive radiotherapy (ART) was
performed. [Color figure can be viewed in the online issue, which
is available at wileyonlinedibrary,.com. |
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Adaptive Radiotherapy for Head and
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MNMeck Cancer: Implications for Clinical i
and Dosimetry Outcomes et peildairpesa~aimeriny
SSAGE

Murat Surucu, PhD', Karan K. Shah, MD, MBA', John C. Roeske, PhD',
Mehee Choi, MD', William Small Jr, MD, FACRO, FACR, FASTRO',
and Bahman Ermiami, MD'

Retrospective , Toplam 51 hasta.
Tum hastalar definitif KRT, doz 70.2 Gy

Bitun hastalar median 37.8 Gy(27 — 48.6 Gy) timor volimu degismesi ve
kilo kaybi nedeniyle re simule edildi

34 hastaya adaptiv plan yapildi

Max spinal cord, beyin sapi, mean ipsilateral ve contralateral parotid
dozlari sirasiyla: 4.5 %, 3.0 %, 6.2 % ve 2.5 % dustd.

Median takip 17.6 ay , median hastaliksiz sagkalim ve sag kalim sirasiyla
14.8 ay ve 21.1 aydi

Median tumor volum kic¢ulmesi 35.2%. Tumor volum kicilmesi >35.2 %
olan hastalarin median hastaliksiz sag kalimi daha iyiyid 16.9 vs 8.7 ay
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Selected studies of adaptive radiotherapy for head and neck cancer based on mid-treatment CT.

Study Design/patients Tumor sites)  Number of patients Outcomes

Yang [8] Prospective; mutine adaptive re-planning (Sthweek) ~ Nasopharynx 86 replan,43nore-  Re-planning mproved locoregional control and quabity of life
unless patient refusad plan

Schwartz [4]  Prospective; weekly CT; re-plan time decided by Oropharynx 22 all had re-plan Improved normal tissue sparing, | reglonal recurrence, not
ohysician. Median in 4th week specfied if marginal

Chen [10]  Retrospective; some had re-plan for weight loss, tumor  Various 51 re-plan out of 317 Improved locoregional control in re-plan group
response, efc. total

Zhao [11]  Retrospective; some had re-plan for weight loss, tumor  Nasopharynx 33 re-plan matched o~ No difference in disease control, toxicity. Re-plans had
response, efc. (mean in 3rd week) b6 controls improved target coverage and normal tissue dose




imler fayda gorur?

Kilo kaybi > %5

Boyun diametrinin > 10% kiigiilmesi

ileri T evresi

Kotii immobilizasyon maskesi

Palpable edilebilir hastalikta belirgin gerileme
Tedaviye uzun siire ara verilmesi

1 You SH, Kim SY, Lee CG, Keum KC, Kim JH, et al. Is there a clinical benefit to adaptive planning during tomotherapy in patients
with head and neck xerostomia. Am J Clin Oncol. 2012;35:261-6.

2. Capelle L, Mackenzie M, Field C, Parliament M, Ghosh S, Scrimger S. Adaptive radiotherapy using helical tomotherapy for head
and neck cancer in definitive and postoperative settings: initial results. Clin Oncol. 2012;24:208-15.

3.Zhao L, Wan Q, Zhou Y, et al. The role of replanning in fractionated intensity modulated radiotherapy for nasopharyngeal
carcinoma. Radiother Oncol. 2011;98:23-27.
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ELISKiLI SONUCLAR!!!

OAR voliimlerinde kii¢lilme 1. haftadan sonra goriliir iken
kemoradyoterapi alan orofarenks kanserlerinde belirgin timor voliim
kaybi 5. haftada goriilur.

Ricchetti F, Wu B, McNutt T, Wong J, et al. Volumetric change of selected organs at risk during IMRT for oropharyngeal
cancer. Int J Radiat Oncol Biol Phys. 2011;80:161-8.

Parotis ve submandibular glandlarin voliim kaybi tedavinin ilk 3 haftasinda (20 ve
11.4%) son 3 haftasindan daha fazla oluyor (8.5 ve 6%)

Wang ZH, Yan C, Zhang ZY, et al. Radiation-induced volume changes in parotid and submandibular glands in patients with
head and neck cancer receiving postoperative radiotherapy: alongitudinal study. Laryngoscope. 2009;119:1966—-74.

CTV hacminde anlamli azalma 2.haftasinda goriliir iken, parotis gland
hacminde anlamh azalma 4. haftada gorulur

Bhide SA, Davies M, Burke K, et al. Weekly volume and dosimetric changes during chemoradiotherapy with
intensitymodulated radiation therapy for head and neck cancer: a prospective observational study. Int J Radiat Oncol Biol
Phys. 2010;76:1360-8.

Patotis ve submandibular glanlarin anlamli hacim kaybi tedavinin 3 veya
4 haftasindan sonra oluyor

Barker JLJr, Garden AS, Ang KK, et al. Quantification of volumetric and geometric changes occuring during
fractionated radiotherapy for head and neck cancer using an integrated CT/linear accelerator system. Int J Radiat
Oncol Biol Phys. 2004;59:960-70.



P ART ne zaman?
NE YAPMALI??

® Bu celiskili raporlar ART kararinin klinik verilmesini gerektigini gosterir

* Tedaviye timor yaniti ve normal doku radyoduyarliligi hastaya gore degise
bilir

* Tedavi sirasinda gunlik veya haftalik BT cekimleri bize kimlere ART
gerektigini sdyleye bilir
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ile neleri on gore biliriz:

* Lokal kontrol hakkinda ve hangi hastalarin dose escalationdan fayda gore bilecegi
hakkinda fikir vere bilir

* Cok degiskenli analizde Orofarenks kanserlerinde T4 tiimor , GTV>20 ml ve
tumor volim kigiilmesi < 50%, Hipofarenks kanserlerinde GTV>30 ml ve tiimor
voliim kiigclilmesi < 50% olmasi, lokal kontrolu istatiksel anlamh kotii.

Yang SN, Liao CY, Chen SW, et al. Clinical implications of the tumor volume reduction rate inhead-and-neck cancer during
definitive intensitymodulated radiotherapy for organ preservation. Int J Radiat Oncol Biol Phys. 2011;79(4):1096-1103

* Cok degiskenli analizde 59 Orofarenks kanserli hastanin, tiimor voliim
kiglilmesi < 35% lokal kontorlu daha kotuydii.

Lee H, Ahn YC, Oh D,et al. Tumor volume reduction rate measured during adaptive defnitive radiation therapy as a potential
prognosticator of locoregional control in patients with oropharyngeal cancer. Head Neck. 2014;36(4):499-504.
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ART nin kullanim kosullar
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SONUC

® Bas- boyun kanserlerinde radyoterapi suiresince kilo kaybi,
tumor ve OAR’larda volim kaybi, sekil ve pozisyon degisikligi
olabilir

® Bu degisiklikler OAR ve tiumor dozlarinda anlamli farkliliklar Ia
sonuclana bilir.
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® Bircok calismalarda ART’ nin secilmis hastalarda dozimetrik faydalari
gosterilsede klinik uygulamasi belirsizdir.

* ART yogun emek ve cok zaman gerektiren bir islem. Otomatik yeniden
planlama ve gorintileme yontemlerinin gelistirilmesi ile daha kullanisli
olacaktir.

* Yapilacak prospective calismalar ART belirsizliklerini cozelebilir.
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