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ICRU raporlari

> Tedaviyi tfanimlama (prescribing)

> Tedavinin kaydedilmesi (recording)

> Tedavinin raporlanmasi (reporting)



RADYASYON ONKOLOJISINDE HEDEF VOLUMLER
ICRU 50, 62 ve 83

ICRU 50 ICRU 62
GTV: Gross HedefVoliim - IM: Internal Marj
CTV: Klinik Hedef Voliim - ITV: Internal Hedef
PTV: Planlama Hedef Volim
Voliim - SM: Set-up mar}

TV: Tedavi volimi
IV: Isinlanan volim

OAR: Risk altindaki
Organlar

PRV: Planlama risk volim
ICRU 83

RVR: Geri kalani Risk voliimii
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Radyoterapide basamaklar:

1-Klinik Degerlendirme
2-Tedavi Karari

3-Similasyon, Hedef Volim Tesbiti
4-Tedavi Planlama

5-Tedavi Planinin Segimi

6 -Kontrol-simiilasyon

7-Tedavi Aygiti Set-up / TEDAVI

8-Tedavide Periyodik
Degerlendirme
9-Izlem

Sonuglarin degerlendirilmesi (—



GTV:
Goriintilenebilir timor volimd

> 6TV primer timor

> 6TV lenf nodu

> 6TV metastatik timor
Fizik muayene

Gorintileme yontemleri
—— Evreleme — Doz — Yanit



GTV:
Goriintilenebilir timor volliimu

Timaor hicrelerinin en yogun oldugu
bolge

Tanimlanmasi en kolay volim

Ancak her zaman kesin degil

Yeni yontemlere agik ve yonteme gore
degisebilir (BT, MRG, PET, diger
sintigrafik yontemler)



Right piriform sinus

(ICDO-10: C12.9)
SCC grade 2

INM 6% ed: TANOMO

Fiberoptic examination
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GTV/BT

> Farkli dokulari elektron yogunluguna gére
ayirir

> Doz hesaplama algoritmalarinda kullanilir

> Normal doku / tiimor kontrast rezoliisyonu
sinirl

> 6TV saptanmasinda “inter / intraobserver”
farkliliklara neden olur

> Metallik yapilardan (dis dolgular: vb)
olumsuz etkilenir

Gregoire et al. THE JOURNAL OF NUCLEAR MEDICINE - Vol. 48
* No. 1 (Suppl) - January 2007



GTV/MRG

> Farkli sekanslara sahip (T1/T2- agirlikh,
kontrasth T1, yag baskili/baskisiz)

> BT'yi famamlayici veya yerini alabilir

> Yumusak doku / kemik uzanimlarinin
saptanmasi

> BT'ye gére daha d!’.i?f.ik “inter /
intraobserver” farkliliklar

Greqoire et al. THE JOURNAL OF NUCLEAR MEDICINE - Vol. 48
* No. 1 (Suppl) - January 2007



GTV/PET

Ozellikle 18F-FDG kullanimi onkolojide hizla
artmakta

PET ile timorlerin molekiler yayilimlar:;
metabolik, oksijen tiketimi, reseptor veya gen
ekspresyonu yontemleri ile saptanabilir

Klinikte evreleme, radyoterapi voliimii
saptamada, yanit degerlendirmede

onemlidir

RT voliim saptanmasinda 6zel parametrelere
gereksinim vardir, gelismeye agik

Gr'esqoir'e et al. THE JOURNAL OF NUCLEAR MEDICINE - Vol. 48 - No.
1 (Suppl) - January 2007



CTV: Klinik hedef volim

> GTV+ subklinik hastalik

> GTV etrafindaki mikroskopik
uzanimlari

> Timore 6zgi olasi perivaskiiler,
perinéral, lenfatik yayilimlar: icermeli

> TUmor tipi ve yerlesimebagli deg|§|r'

> Klinik deneyimler gnemli >




CTV: Klinik hedef volim

Kiratif amagh tedavilerde mutlaka tedavi
edilmeli

Birden fazla CTV olabilir

CTV sinirlari goriintileme teknigine gére de
degisebilir (BT/MRG/PET)



Klinik Hedef Volim (CTV)

) lvmph node target volumes in head and neck

Proposal for standardizing termimnology and

procedure based on the surgical expenence

Frmmany Laeh f ! \.!,;‘ HHarmmn ”




Planlanan Hedef Volim (PTV)

> Planlanan Hedef Volim (PTV) geometrik bir
kavramdir

> Doz dagilimlarini sekillendirmek igin CTV'nin
tiimine yeterli miktarda doz verilecegini
garantilemek igin yaratilan bir voliimdiir.

> Hasta pozisyonu (tedavi/tedaviler arasi),
> Ug boyutlu olarak tasarlanmali-planlanmali



Planlanan Hedef Volim (PTV)

PTV hasta konturu disina tasabilir.

CTV igindeki anatomik yapilarin fizyolojik
nedenlerle olusan sekil, boyut ve
pozisyon degisikliklerini icermeli ()
Hasta ve 1sin pozisyonuna bagl giinliik
degisiklikleri g6z oniine almal ()

PTV= [CTV + Internal Marj] (ITV) + Set-up
Marji(SM).



IM (Internal Margin)

Fizyolojik hareketler
Solunum

Yutkunma
Mesane-rektum dolulugu
Kalp atimi

Bagirsak hareketleri.....



SM: Set-up margin

Hasta pozisyon degisikligi
Aygitlarin mekanik farklilig

Set-up hatalari (BT similator/tedavi
aygiti-koordinat aktarim problemleri)

Her departman, her alan, her
immobilizasyon yontemine gére ayri
dl¢glilmeli ve hesaplanmal:



Table 4.4, Summary of various published recommendations for margins amund target volumes (CTV) and OAR (modified from
van Herk, 2004).

Author Region Recdpe Comments

Bel et al. (1996) PV 0.7 Statistical uncertainties only (linear
approximation}—Monte Carlo.
Antolak and Rosen (1999) PV 1.650 Statistical uncertainties only, block
margin?
Stroom et al. (1999a) PV 22 +0.70 95 9% absorbed dose to on average 99 %
of CTV tested in realistic plans.
van Herk et al (2000) PV 2.5 £ + 0.7 o {or more correctly): Minimum absorbed dose to CTV is
2.5% +1.64 95 9% for 90% of patients. Analytical
(o — @) solution for perfect conformation.
MeKenzie (2000) PV 25 +B8+(o—w) Extension of van Herk et al. (2000) for
fringe dose due to limited number of
beams. The factor 8 depends on the
beam organization.
Parker et al. (2002) 2+ e+ 59 95 9% minimum absorbed dose and
100 % abszorbed dose for 95 % of
volume. Probability levels not spedfied.
van Herk et al (2002) 25+ 2% + 0.7r + 3 mm (or more Monte Carlo based test of 1 % TCP
correctly):/2.725% + 16%% — 28 mm  loss due to geometrical errors for
prostate patients, fitted for various
o and X
Ten Haken et af. (1997), PRV (liver and lung) No margin for respiration, but
Engelsman ef al. (2001a, 2001b) compensation by absorbed-dose
escalation to i20-NTCP, reducng
target-dose homogeneity constraints.
McKenzie ef al. (2000) Margin for respiration on top of other
marging when respiration dominates
other uncertainties.
van Herk et al (2003) PRV (lung) 0.25 A (caudally); 0.45 A (cranially) Margin for (random) respiration
combined with random setup error of
3 mm SD, when respiration dominates
other uncertainties (A > 1 em).
MecKenzie ef al. (2002) 1324050 Margins for small and/or serial organs
at risk in low (+) or high (-
abzorbed-dose region.

Symbols: X, standard deviation of systematic uncertainties; o, standard deviation of statistical (random) uncertainties; o, describes
width of beam penumbra fitted with a Gaussian function; A, peak-to-peak amplitude of respiration.




Geometrik belirsizlikler

Donanim ve protokol . |, L . 1on
hatalar:

BT'de setup
BET'de organ hareketi
Hedef volum tesbiti

"Tedavi p lanlama

Tedavi aygrtinda setup | Tedavi uygulamada

Tedavi tind .
h:r:;;_:?gr nda ergan (fraksiyonlar arasi)

Hasta fizyolojik
I - Fraksiyon sirasinda

Si=tamatil

Randam



TV ve IV

TV (Tedavi volimi):

Tanimlanan tedavi dozunu alan voliim
(Referans izodoz +%7 /- 7%5)

IV (Isinlanan Voliim):

Normal doku toleransina gore anlamli doz alan
volim (V,5-V30...)



OARs (Risk altindaki organlar)

Riskli organlar:

> Planlanan tedavi alani iginde kalacak, radyasyon
duyarliligi nedeniyle tedavi plani, doz
degisikligine neden olacak yapilar

> Medulla spinalis, beyin sapi, optik sinir,
akciger, bobrek vb



PRV= Planning organ at Risk Volume

> Hasta hareketiyle riskli organlar da
hareket eder

> OAR'de beklenmedik yiiksek dozlar:
onlemek icin PTV ile cakisan OAR
voliminu belirlemek optimizasyonu
kolaylastirir.




Optimizasyona rehberlik etmek igin alt volimler
kullanabilir mi?
PTV/PRV

P’rv.'s'\'-l P’er\'.z

PTV = PTVS\-_. + PTVS\;z

Volume Volume

Absorbed dose Absorbed dose



RVR= Kalan risk altindaki volim

> Isinlanan volumlar disinda kalan voliimdiir.

>RVR'deki emilen doz, karsinogenez gibi ge¢
etkilenme riskini tahmin etmede faydal:
olabilir.

> Bu nedenle, RVR'yi konturlamak, uzun omdr
beklentisi gosterebilen geng hastalar igin
ozellikle onemlidir



Doz tanimlamasi

. Tedaviyi veren doktorun sorumlulugudur.

. Dlizey I= ICRU referans nokta, PTV
icindeki minimum ve maksimum doz
noktalari, standard izodoz egrileri ve derin
doz tablolarindan yararlanilarak tahmin
edilebilir

. Palyatif tedavilerde dnerilir.



Doz tanimlamasi

Diizey II= Ileri teknikte BT ve MR
goriintilerinden yararlanilarak hedef vr risk
altindaki organlar tanimlanir.

Ayrica tiim planlarda ve voliimlerde gegerli doz
dagilimlarini gostermek, inhomojenite
diizeltmelerini yapmak miimkinddr.

Kalite giivenirligi programlarinin olmasi ve
uygulanmasi gereklidir.

Tedavi planlama ve teslim yaziliminin
model ve siiriim numarasini belirtin.
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PTV icin Doz-Volim Raporlama IMRT igin doz hacmi raporlamasi igin
yeni tavsiyelerdir
D50 DICRU-noktasini en iyi belirten noktadir
PTV median doz PTV deki tipik doz dur.
PTV mean doz ve PTV median doz yaklasik olarak yakin yada
benzerdir.
PRV ortalama dozu ve PRV medyan dozu mutlaka benzer degildir.



Doz-Volim Raporlama
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DVH'lerin iki farkli doz regetesiyle sonuglarini gostermektedir

- Kesikli egri, ICRU Referans Noktasinda 60 Gy'yi 6ngéren bir
tedavinin DVH iken, diiz egri, 60 Gy nin D98% e regete edildigi bir
tedavi icin DVH'dir

- Ikinci recete yazma sekli, PTV'de, ICRU Referans Noktasinda doz
belirtildiginde gore yaklasik 3 Gy (% 5) daha yiiksek bir dozda sonug
verir

* Dolayisiyla dozun hangi yolla regete edildigi agik ve net olmalidir.



Parallel organisation Serial organisation

Spinal cord

Risk altindaki bir organa yonelik farkl planlarin
DVH. karsilastirmak igin o organin paralel/seri
oldugunu bilmek gerekir



Structural organisation

Parallel organisation Serial organisation

Spinal cord

> Paralel veya seri organlarin doz hacim kisitlamalari
farkhdir

Paralel organ = mean doz, D (volum %) < ... 6y
(kritik doz)

Seri Organ= D max < .... 6y (kritik doz)




Doz tanimlamasi

> Dizey IIT:
> Gelismekte olan teknikleri igerir.

> Planlanan tedavi voliimii icinde doz dagiliminin
homojen olmasi gerekir ve +%7-%5 izodoz
farklihgina izin verilir.

> Homojenlik, Conformity index



IMRT 'de yeni ICRU raporuna ihtiyag var

> Tek nokta doz regetelemesi yetersiz

> Biyolojik Hedef Volim (BTV), C. Ling, IJROBP
2000

> Hipoksik Hedef Volim (HTV), Proliferasyon
Hedef Volim (PTV), ESTRO fizik toplantisi,
2003

> Biyolojik dlgiimler (6rn: EUD, TCP, NTCP,..).

> Cok daha fazla kalite giivenirligine ihtiyag var.



ICRU Referans noktasi IMRT igin tipik bir
nokta deg'ildir'

: 3B e 5a )"lt TV &2
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Planlama metriklerinin giivenilirligi

Minimum
> Maximum
* Median
s Isocenter
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Median doz daha glivenilir  Indra Das




Homojenite ve uygunluk




Doku heterojeniteleri igin diizeltilmis dozlarin
kullaniimasi

A=Adipose, M=Muscle, B=Bone, L=Lung 4 MV, Parallel Beam

FA M BM

Field dam [cm
\% o

—t

Ahnesjo and Asparadakis, 1989 Phys Med Biol 44'R99-R155



Monitor Chamber daki Geri Sagilma (IMRT)

Monitér Chamber a fotonlarin geri sagilmasi (X/Y %2)
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IMRT icin QA

> TPS ve verme sistemlerine uygun QA

> Hasta ile alakali QA (ideal olarak
birka¢g yontem segilmesi)



Bosluk hatasi (Gap Error)
geleneksel MLC' ler igin onemlidir
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Nominal gap (cm)

From Tom Losasso, Memorial Sloan Kettering

Egriler nominal leaf gap artmasi ile absorbe doz
hatasinin arttigini gostermektedir.



RapidArc dMLCs test (Epiqa-Artemis)

Test 0.2: Picket Fence test vs. gantry angle

Test 0.1: dMLC Dosimetry

dem

Output at different gan gles F i MY

Gantry angle [deg] Deviation from reference value [%]

033

I 11 I

Reference average value: 12.18 +0.12

32 Profile for leaf: 32

Profile for leaf: 32 Profile for leof: 32

| BTTI

Test 1.1: Picket Fence test during RapidArc

Frofile_for leat: 2.




RapidArc dMLCs test (Epiqa-Artemis)

Test 2: Accurate control of Dose Rate and Gantry Speed during RapidArc delivery

Profile for leaf: 30

ROI analysis

ROI number Deviation from reference value [%)]

128
047

-0.19

Tolerance [%]:  +2.00

Reference average value: 0 1481 + 0.0010

Test 3: Accurate control of Leaf Speed during RapidArc delivery
ROI analysis

ROI number Deviation from reference value [%]
1 -0.27
-0.00
022
0.05

Tolerance [%]: +2.00

Reference average value: 0 1363 + 0.0003

L

i




Denetim Sonuglari

Gortec IMRT Test Phantom

TLDs are placed at seven locations.

« Point 1: Isocenter o

« Point 2: Spinal cord isocenter o

+ Point 3: Spinal cord cramial ‘

« Point4: PTVTR 0

+ Point5 PTV TR cramal

+ Point6: PTVNL o

« Point 7: PTV N L caudal e

Courtesy M. Tomsej,
Brussels

— Sample Result




Kurumlararasi doz dogrulugu

Accuracy Distribution
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Number of Measurements = 2679
Mean =0.995
Standard Deviation = 0.025

(Updated from Zefkili et al 2004)



Kurum i¢i doz dogrulugu

Accuracy Distribution
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Number of Measurements = 1591

Mean = 0.45%

Standard Deviation = 2.5%
{Undated from Dona et al 2003)




MDACC Prostat IMRT Fantom (prostat)

HE UNIVERSITY OF TEXAS

MD Anderson Dosimetry Lab S@ 61k ANQAAVBHEH JE[20]m # N L/ Q20| PRt HALOORZ + @69% kOl - rERL)

1515 Holcombe Bivd., Unit #607 (Selection)( Contouring] Registration|( External Beam Planning)( Brachytherapy Planning]( Brachytherapy 2D Entry)( Plan Evaluation]

B epica Gy - Treatment Apy

0
e

Making Cancer History"

Report of
IMRT Prostate
Phantom Irradiation

¥[3) bone marrow
/@) Couchlnterior

Date of Report: August 13, 2012

o
Institution Florence Nightingale Hospital ¥[@ CouchSurface ¢ ! D
Physicist Tulay Ercan, Ph.D. 2[4 crurae
Radiation Machine: Varian, Unique (2011) -6 MV ¥ ® Dose 100[%] [[ptv 66y - Treatment d al - CT B Treatment Approved - Sagittal - CT.
Collimator: MLC @[ femur L
IMRT Technique: VMAT [ femur R
Treatment Planning System Varian, Eclipse(IMRT) - AAA [ 1arge bowel
Date of Irradiation June 22, 2012 :[ ] marker
[@ nod
Y[ penil pulb

Description of procedure: #[@) prostat

“I[@ prostat+sv
%@ ptv nod

¥[@ ptv pro+sv ext
“[@ ptv prostat
(8 ptv prostat ext
“[d ptv prostatssv
[d pv
/8 rectum

IZ] small bowel

An anthropomorphic pelvic phantom incorporating a cylindrical imaging insert was
placed in the supine position in a CT scanner and imaged. The imaging insert contained
structures representing a prostate, a rectum and a bladder. The imaging insert was
replaced by a dosimetric insert containing TLD capsules located near the center of the
prostate to provide point dose information and two sheets of GAFChromic™ Dosimetry
Media to provide dose distribution in the coronal and sagittal planes. The phantom
included left and right femoral head structures each containing one TLD capsule. The
phantom with the insert was irradiated to approximately 6 Gy using an IMRT technique

Fields | Dose Prescription [ Field Alignments | Plan Objectives [ Optimizatio

jectives | Dose Statistics | Calculation Models Plan Sum

OvHtne |suucure Aoprova Satus__| ian course Volume tcn'l | Dose Cover%)_| sampiing Coverg | in Dose {61 | Max Dose t6y1__| Mean Dose (61| conformyindex_|

The dosimetric precision of the TLD is 3%, and the spatial precision of the film and

B0DY Approved piv 66y a 215526 1000 1000 0000 525 0471 A
densitometer system is 1 mm bladder approved piv 66y a 1328 1000 1000 0190 6103 2559 A
- bladder-ptv pros | Approved |ptv 6y la
Summary O'TLD f"id"ﬁlm results: s g A bladder+ptv pros | Approved |ptv6Gy la | | | I
| Location RPC vs. Inst __Criteria Acceptable prostat Approved ptv 66y a | = 1000 dins ::‘:; 2;‘: :z; :';;
| _Center Prostate (Left) 0.99 0.93-1.07 Yes ptv prostat AppluVE: _pu:z, :: 123 1000| 1000 2
= T R iR | Pt prostat ext Approve ptv 6Gy |
|_Center Prostate (Right) ___1.00 0.93-1.07 | Yes | i i ot 66y = | ws| 1000 1000 0404 6148 3406 /A
r - Dose 100[%] Unapproved ptv 6Gy
Film Plane Gamma Index Criteria Acceptable
Coronal 99% 285% | Yes
Sagittal 100% 285% | Yes

*Percentage of points meeting gamma-index criteria of 7% and 4 mm

The phantom irradiation results listed in the table above do meet the criteria established by the
RPC in collaboration with the cooperative study groups. Had you been applying for credentialing
to enter patients into certain protocols that allow the use of IMRT, your institution would have
satisfied the phantom irradiation component of the credentialing process

TLD and Film Analysis by: Paola Alvarez, M.S.

Report Checked by:

$ { |
wid Blleall a

David S. Followill, Ph.D.
Chief, Section of Outreach Physics

CARING INTEGRITY DISCOVERY

A Comprehensive Cancer Center Designated by the National Cancer Institute



MDACC AKC SBRT Fantom (4D-CBCT)

P 4D_CT1
B plan verificat

#[D] PTV-TLD-inf
2 PTv-TL
Treatment Approved - Sagita

Report of Lung % i at flan
== Gartry oll n | Couch Rin
Phantom Irradiation Field Weight | Scale [de (deal deg] | Wedge
ember 31, 2015 | I
1046| Varian [EC | 1810CW1790| 300 00/ None
ence Nightingale: Hozpital 1117 Varian IEC | 179.0 COW 1810] 00 None
LAy ETESS y | 0.000] Varian IEC 00 00] None
aran, TrueBeam (2055) — 10 MV FFF 0,000 Varian IEC | 200 00 00/ None
c 0000 Varian [EC 00 00/ None
IMRT - VMAT
arian, Eclipse (IMRT) — AAK

Metmd ] ount for Tanget M

of procedurs:
An anthropomosphic lung phantom Inc wating a cylindrical dosime’ sert that simulated the left lung
was placed In the supine T scanner and imaged. The | ained 3 sphencal ceniered

anier of the target provided point d
d dose distribution:

W
were based on dose
u ioa rr||:-1|:1 o

yrammed reathing was used -:Iunng I:rﬂan'rlum a'1-:|
. and patial precision of the film and densit

[ 1o ]
FTV_TLO_InT T R

[ awm |

“Percentage of poinis meeling gamma-index crtera of 75% and 5 mm

The phamom Irradiabon

TLD and Fllm Analysis by Paola Alvarez, M.S.

Report Checked by:

Juu!:u:n Physlcs
e




Bireysel alanlar QA

. External diode/ ion-chamber arrays
. Entegre dedektor sistemleri
. Portal dozimeftri




IMRT de Kayit

» En azindan hastanin émri boyunca
elektronik argivleme veya 5 yil siire
ile - hangisi daha uzun ise.

> Tedavi teknik verileri, plan ve
teslimat kayitlarinin tamami
kaydedilmelidir.

> Bilimsel Klinik arastirmalar igin
uygunsa uzun siire arsivleme
yapiimalidir.



ICRU 50 & 62 ve IMRT ICRU 83 arasindaki
degisikliklerin 6zetini verecek olursam:

> Istatistik lizerine daha fazla vurgu
yapilmaktadir.

> Doz hacmi spesifikasyonlar: ile fanimlama ve
raporlama bulunmaktadir.

> ICRU referans noktasi kullaniimamaktadir.

> Medyan doz Dso raporlanmasi istenmektedir

> Model tabanli doz hesaplamalar: kullanilmahdir
> Doku heterojenitelerinin etkisi eklenmelidir.
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