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SBRT/SABR - conceitos importantes

Objetivo: ablacao dos tecidos dentro do PTV

OAR sao prioritarios!!!

Dose > 5Gy/fr

Maximo de 5apl (??7?)

Margens pequenas de conformacao do PTV

Rapido fall-off de dose fora do PTV

Altos gradientes de dose dentro do PTV (110-160%o)
Low/Intermediate dose spillage
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Plano de SBRT
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Esquemas de dose/fracao

Radiotherapy and Oncology 77 (2005) 83-87
www. thegreenjournal.com

Extracranial stereotactic RT
Dose-response in stereotactic irradiation of lung tumors

Joern Wulf®®, Kurt Baier?, Gerd Mueller?, Michael P. Flentje®*

“Department of Radiotherapy, University of Wuerzburg, Wuerzburg, Germany,
®Department of Radiotherapy, Lindenhofspital, Bern, Switzerland

®) 1 Local Control Rate of Early-Stage Non-Small Cell Lung Cancer Treated with SBRT
1.0+

Approximate
minimal total
0'9'_ dose
0.8 delivered to BED

o Investigator Dose, Prescription PTV (Gy) SFED (Gy) (Gy) SED (Gy)
0.7 Timmerman, 20-22 Gy x 3 (80%

g et al. (2008) isodose) 60-66 56.4-62.4  132-147  107-119

06+ : Timmermann 3 x 20Gy/80% Timmerman,  18-20 Gy x 3 (80%
05 ] - Timmermann 3x 16Gy/80% et al. (2003) isodose) 54-60 50.4-56.4 118-132  95-107

) 7 Nyman, etal. 15 Gy x 3 (PTV
- Blomgren 3x15Gy/65% (2008) periphery) 45 414 96 78
: Zimmermann 3 x 12.5/60% Xia, et al 5 Gy x 10 (50%
034 5 o (20086) isodose) 50 78 63
] 5, gupiweega e Zimmermann, 12.5 Gy x 3 (60%
0.2 : Fritz 1x30Gy/100% etal. (2006)  isodose) . 78 63
G : Herfarth/Hof 1 x26Gy/100% Wulf, etal.  12.5Gy x 3 (65%
] 74 n 3x 10Gy/60% (2005) isodose) o . X 78 63
00 ZATNNERmaR Hara, et al. 30-34 Gy x 1 (minimal
’ (20086) dose to
CTV or PTV)

g
g
s
8
8

044

| R R e | PRI o S s P R L P s PR Se |

0 25 50 75 100 125 150 175 200 225 250 275 300
BED(wp=10) [GY] Fritz, et al.

(20086) 30 Gy x 1 (isocenter) 24 24 68 55
Hof, et al. 19-26 Gy x 1
(2003) (isocenter) 15.2-20.8 15.2-20.8 32-46 34-48
Nagata, et al. 48 Gy to 426 to 99 80 to
(2005) 12 Gy x 4 (isocenter) isocenter isocenter  isocenter isocenter
Abbreviations: SBRT = stereotactic body radiotherapy; PTV = planning target volume; SFED
= single fraction equivalent dose; BED = biologically effective dose; SED = standard effective
dose; CTV = clinical target volume; CFRT = conventionally fractionated radiotherapy
*Because dose per fraction is smaller than transition dose (D), this was calculated using
SFEDgn

RTOG 0915

D
CONGRESSO
DA SOCIEDADE
BRASILEIRA DE
RADIOTERAPIA

RADIALIS

RADIOTERAPIA




EX.:

Dose Fractionation

Patients will receive 5 fractions of radiation, on an every 2-day basis i.e., 2-3 treatments per
week, so that the SBRT schedule is completed within 1.5-2 weeks. There should be a minimum
of 40 hours between treatments.

The starting dose level will be dose level 5: 10 Gy x 5 fractions, i.e., 50 Gy/5 fractions. The
dose per fraction for each patient will be provided at the time of registration based on the toxicity
experience of the previous patients on study.

The dose per fraction is to be prescribed to the prescription line at the edge of the PTV.

Dose Level Dose per Fraction Total Dose
8 Gy 40 Gy
8.5 Gy 425Gy
9 Gy
9.5 Gy
10 Gyt
10.5 Gy
11 Gy
11.5 Gy
12 Gy Y .
+tProtocol treatment begins at Level 5, 10 Gy. Levels 1-4 will be employed if dose-limiting NRG-BR0O01 version date 11/13/15

toxicity is seen with the Level 5 (10 Gy) dose.

W~ ;| ;| &L=

RTOG 0813, June 8, 2015 et Prescriplion Doses

Metastatic Locations Initial Starting Dose Decreased DLT Dose

Lung--Peripheral 45 Gy 42 Gy

(3 fractions) (3 fractions)
Lung—Central 50 Gy 47.5 Gy
(5 fractions) (5 fractions)
Mediastinal/Cervical Lymph 50 Gy 47.5 Gy
Node (5 fractions) (5 fractions)
Liver 45 Gy 42 Gy

(3 fractions) (3 fractions)
Spinal/Paraspinal 30 Gy 27 Gy

(3 fractions) (3 fractions)
Osseous 30 Gy 27 Gy

(3 fractions) (3 fractions)
Abdominal-pelvic metastases 45 Gy 42 Gy
(lymph node/adrenal gland) (3 fractions) (3 fractions)
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Cautela

Central-Airway Necrosis after Stereotactic
Body-Radiation Therapy
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Stereotactic Ablative Radiotherapy for Comprehensive
Treatment of Oligometastatic Tumors (SABR-COMET):
A Randomized Phase Il Trial

Figure 1: Study Schema

Patients with up to 5 metastatic lesions meeting
inclusion criteria

[ Informed consent obtained ]

RANDOMIZATION
(1:2 ratio of randomization to Arm 1 vs. Arm 2)

l |

ARM 1: STANDARD OF CARE N ARM 2: SABR

Palliative radiation therapy if indicated SABR to all sites of known disease

Further chemotherapy at discretion of Further chemotherapy at discretion of
medical oncologist medical oncologist

AN v,
v

/ ¥
FOLLOW-UP EFOLLOW-UP

Clinical follow-up every 3 months with Clinical follow-up every 3 months with
quality of life measurement. quality of life measurement.

CT and bone scan at 3 and & months, CT and Bone Scan at 3 and 6 months,
then every 6 months until progression then every & months for SABR

rth di ) of salvage of new lesions. Further scans
LGS 2275 202 EEET at discretion of oncologist

oncologist \L J
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6.0.1 Standard Arm (Arm 1)

Radiotherapy for patients in the standard arm should follow the principles of palliative
radiotherapy as per the individual institution, with the goal of alleviating symptoms or
preventing imminent complications. Patients in this arm should not receive stereotactic
doses or radiotherapy boosts.

Treatment recommendations are as follows:

Brain: Whole brain radiotherapy
i.e. 20 Gy in 5 fractions, 30 Gy in 10 fractions

Lung: Palliative radiotherapy as per 2011 consensus guidelines.'®
i.e. 8 Gy in 1 fraction, 20 Gy in 5 fractions, 30 Gy in 10 fractions

Bone: Palliative radiotherapy as per 2011 consensus guidelines. 8
i.e. 8 Gy in 1 fraction {most common), 20 Gy in 5 fractions, 30 Gy in 10 fractions

Liver: 20 Gy in 5 fractions if standard institutional practice

Treatment of Cligometastatic Tumors (SABR-COMET):
A Randomized Phase Il Trial

Stereotactic Ablative Radiotherapy for Comprehensive

6.1 Experimental Arm {Arm 2)

All treatments in this study are based on current protocols in clinical use at the LRCP and
VUmc for treatment of lung,' liver,"® brain, "% and spinal cord®! metastases. The guiding
principle for radiotherapy is to achieve disease control but to minimize any potential
adverse impact on quality of life. Concurrent chemotherapy or targeted therapy at the
time of radiotherapy is not permitted within the 4 weeks prior to SABR. Hormone
therapy is permitted.

6.1.1 Dose/Fractionation

Doses and fractionations by tumor site are shown in Table 1.

Tumor
Location

Description

Total
Dose
(Gy)

Number
of
fractions

Dose per
fraction (G¥)

Frequency

Lung

Tumers 3 em or less
surrounded by lung
parenchyma

54

3

18

Every second
day

Abutting chest wall or
=3 em

Every second
day

Within 2 cm of
mediastinum or
brachial plexus

Every second
day

Any bone except
femur

35 Gy

Daily

Vertebral body:
additional options

16-20 Gy
OR

30 Gy

16-20

10

Single dose

Every second
day

Brain
Metastases

Non-radiosurgical

{If whole brain treated,

then simultaneons
boost to each lesion)

40 Gy to
metastases

20 Gy
‘whole
brain
(optional)

8 Gy to lesion

4Gy WBRT

Daily

Daily

Radiosurgical
=1 em

=land <2 cm
>2and <3 cm

Optional whole brain
to follow (see text)

2224 Gy
20-22 Gy
18-20 Gy

2224 Gy
20-22 Gy
1820 Gy

Single dose
Single dose
Single dose

LRCPF site: Dose is
based on calculated
normal tissne

probability of <5%

day

Other sites

45-60

3-8

Every second

Adrenal

60 Gy

8

75

Every second

*If esophageal dose constraints cannot be met, 12 fractions should be used.
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Planejamento em SBRT - alguns conceitos

Conformacao do PTV
Prescricao de Dose
Heterogeneidade

~atores tecnicos
Constraints de dose OAR
Clearance
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Margem de conformacao do PTV

5.7 mm
—| |
1004 !

90—
ol
70—
|
|

60
50

ce

Sanford L. Meeks et al Int. J. Radia. Onc. Biol. Phys., Vol. 41, No. 1, pp. 183-197, 1998
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Margem de conformacao do feixe

« Margem p/ feixe = penumbra (5-6mm)
— Dose Homogénea PTV / Dose max = 110% da Dose de Prescricéo

(PD) Beam Margin
— Fall off de dose fora do PTV — “lento” | /_e\

« Margem p/ feixe << penumbra (0-2mm)
— Dose Inomogénea PTV / Dose max = 110-160% da Dose de

Prescricao (PD)
— Fall off de dose fora do PTV — “rapide” @Beam Margin i i
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Prescricao de dose (PD)

Older RT

PTV

57 Gy 60 Gy (80%) 60 Gy (60%)
20Gy x 3 plan is different from 2Gy x 30 plan
a small lung lesion example (PTV volume 33cc)

_ SBRT Conventional Senan, Palma, Lagerwaard, J Thorac Dis 2011

# of Beams 11 11 3

Beam Margin (mm) 1 5 5
PD per fraction 20 Gy 2 Gy 2 Gy

Max PTV Dose (%) 124.2% 110.8% 110.0%

Vi00% 38.6 cc 443 cc 87.5cc
(5.7 cc more) (48.9 cc more)

Vsaes (Rsges) 146.3 cc (4.4) 2124 cc(6.4) 417 .3 cc (12.6)
(66¢cc more) (271 cc more)

W s 630.4 cc 799.2 cc 756.8 cc
(169 cc more) (126 cc more)

50% PD 10 Gy 1 Gy 1 Gy

All Plans normalized to PTV V100% = 95%
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Prescricao de dose (PD)

Figure 2

84% line (105% of prescription)

Y

80% line (prescription line)

. Prescription dose 50 Gy
2. Prescription isodose 80%
. 105% of prescription dose RTOG 0813, June 8, 2015
52.5 Gy (corresponds to 84%
isodose line)

. Maximum dose (normalization) NRG-BR0O01 version date 11/13/15
at isocenter is 62.5 Gy

CONGRESSO

DA SOCIEDADE
BRASILEIRA DE
RADIOTERAPIA

RADIALIS



Isodoses X AN s cnmM #)

100.00 % = | 5977.0 [¥] Relative Made

[Custom % ][Save As 1

4

4

- 116.60  off
|:I 100.00  off

4

4

4

4

4

d
d
[
-@
@
d
d
Gl

4




Heterogeneidade

Patient  Tumor site Plans with tissue heterogeneity corrections

RTOG 0236 andgosion
%PTV volume minimum mean HaXium %PTV volume minimum mean maximum
n é.o p e r m i t i a iving prescribed dose (Gy) dose (Gy) dose (Gy) receiving prescribed| dose (Gy) dose (Gy) dose (Gy)

dose dese

95.20 36.71 62.70 66.89 61.00 4758 5853 64.59
95.00 36.85 62.48 65.54 0.00 48.17 34.54 57.98
9550 5611 63.08 66.74 3570 48.84 5843 63.64
Deve Se r 9510 57.13 63.20 67.79 56.10 4982 6015 66.17
95.80 56.83 63.64 67.35 28.70 51.89 5852 62.97

u t I I I Zad a n OS 95.20 56.74 62.75 67.00 27.60 49.72 5797 6291

99.00 5893 63.34 67.12 38.10 51.84 58.88 63.19

alcul
Ca C u OS 95.10 57.29 62.72 67.04 34.50 48.50 57.92 62.74
( RTO G O 8 1 3 95.50 56.61 62.58 65.53 26.00 49.46 57.83 62.91
]

95.50 5830 62.85 6821 70.20 5534 61.37 66.96

09 15 SAB R _ 9520 57.03 6272 65.92 16.10 51.90 58.11 61.59
’

95.00 56.63 63.19 68.38 23.60 50.37 57.88 63.11

CO IVI E I ) 9510 58.06 6244 66.57 3470 5133 58.63 63.16

95.70 57.20 62.63 66.70 530 46.45 55.64 61.46

95.00 5843 6227 64.71 0.00 5047 55.04 57.74

(RUP (right-upper-peripheral), LUP (left-upper-peripheral), LUC (left-upper central), RLP (right-lower peripheral). and LLP (left-lower-
C central)). The percentages of PTV volume receiving the prescription dose, and minimum, mean, and maximum PTV doses are presented for
plans calculated with and without tissue heterogeneity

Impact of tissue heterogeneity corrections in stereotactic body radiation
therapy treatment plans for lung cancer

Tania De L a Fuente Herman, Heather Gabrish, Terence S_Herman, Maria T \."Iachak\,1 and Salahuddin Ahmad
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Fatores técnicos

Technical Factors
Physical Factors
Only photon (x-ray) beams with photon energies 4-10 MV will be allowed. Cobalt-60 and
charged particle beams (including electrons, protons, and heavier ions) are not allowed. Photon
beam energies > 10 MV but not = 15 MV will be allowed only for a limited number (= 2) beams
that must travel more than a cumulative distance of 10 cm through soft tissue (not lung) to
reach the isocenter.
Minimum Field Aperture (Field Size) Dimension
Because of uncertainties in beam commissioning resulting from electronic disequilibrium within
small beam apertures[a minimum field dimension of 3.5 cm Is required for any field jused for
treatment delivery. [t TS UrMdETstoTdthat this Tmay excesd the technical Tequirerments listed in
Section 6.4 for small lesions (< 2.5 cm axial GTV dimension or < 1.5 cm craniocaudal GTV
dimension). In such cases, the prescription dose is still prescribed to the edge of the defined
PTV. This minimum field dimension does not apply to centers using tomotherapy or multiple
pencil beam delivery systems.
Dose Verification at Treatment
Personal dosimeter measurements (e.g., diode, TLD) may be obtained for surface dose
verification for accessible beams as per institutional preference. This information is not required
by the protocol.

RTOG 0813, June 8, 2015
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Fatores técnicos

Technical Factors
Physical Factors
Only photon (x-ray) beams produced by linear accelerators, betatrons, or microtron
accelerators with photon energies of 4-10 MV will be allowed. Cobalt-60 and charged particle
beams (including electrons, protons, and heavier ions) are not allowed. Photon beam energies
> 10 MV but not > 15 MV will be allowed only for a limited number (= 2) beams that must travel
more than a cumulative distance of 10 cm through soft tissue (not lung) to reach the target .
Minimum Field Aperture (Field Size) Dimension
Because of uncertainties in beam commissioning resulting from electronic disequilibrium within
small beam apertures, a minimum field dimension of 3.5 ¢cm is required for any field used for
treatment delivery for sites using standard 3-D conformal techniques where nearly all of the
PTV is encompassed for each beam. It is understood that this may exceed the technical
requirements listed in Section 6.4 for small lesions (< 2.5 cm axial GTV dimension or < 1.5 cm
craniocaudal GTV dimension). In such cases, the prescription dose is still prescribed to the
edge of the defined PTV. This minimum field dimension does not apply to centers using IMRT
with a standard multileaf collimator or Tomotherapy or for the CyberKnife® unit where by
design the entire PTV is not encompassed for each beam.
Dose Verification at Treatment
In-vivo dosimeter measurements (e.g., diode, TLD) may be obtained for surface dose
verification for accessible beams as per institutional preference. This information is not required
by the protocol.
Treatment Platforms
The trial allows most commercially available photon producing treatment units except the
exclusion of units described in Section 6.2.1 (e.g., cobalt units and charge particle
accelerators). As such, conventional linear accelerators, specialized linear accelerators with
image guidance (e.g., Novalis, Trilogy, Synergy, Artiste) are allowed. These units can be used
with conformal dose delivery or IMRT. Other specialized accelerators (e.g., the CyberKnife®
or Tomotherapy) are allowed as long as they meet the technical specifications of the protocol
and are used in a fashion that passes the accreditation tests required by the protocol.

RTOG 0915
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Criterios (RTOG 0915)

Dose maxima: normalizada para 100%, DENTRO do PTV
Isodose de prescricéo (PS): deve ser > 60% e < 90% da Dmax

Cobertura da PS: PTVvioowes = 95% e PTVveoswrs = 99% (Idem
SABR-COMET)

High dose spillage: Dcum de todos os tecidos fora do PTV
recebendo D>105%PD néo pode ser maior que 15% do vol. PTV

Intermediate dose spillage: O gradiente de falloff de dose do
PTV para os tecidos normais deve ser rapido e respeitar a tabela
1

TODOS os constraints de dose dos OAR devem ser respeitados
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(11/1/12) Table 1: Conformality of Prescribed Dose for Calculations Based
on Deposition of Photon Beam Energy in Heterogeneous Tissue

PTV
Volume
(cc)

Ratio of
Prescription
Isodose Volume
to the PTV
Volume

Ratio of 50%
Prescription
lsodose Volume
to the PTV
Volume, Rsgs,

Maximum Dose (in %

of dose prescribed) @

2 cm from PTV in Any
Direction, Do (%)

Percent of Lung
Receiving 20 Gy
Total or More,
Vao (%)

Deviation

Deviation

Deviation

Deviation

None Minor

None Minar

None Minor

None Minor

1.8

<12 <15

<59 <7.5

<50.0 <57.0

<10 <15

3.8

<1.2 <15

<55 <B6.5

<50.0 <57.0

<10 <15

74

<12 <15

<51 <B6.0

<50.0 <58.0

<10 <15

13.2

<1.2 <15

<47 <58

<50.0 <58.0

<10 <15

22.0

<1.2 <1.5

<4 5 <55

<54.0 <63.0

<10 <15

34.0

<1.2 <15

<473 <53

<58.0 <68.0

<10 <15

50.0

<1.2 <15

<4.0 <50

<62.0 <77.0

<10 <15

70.0

<1.2 <15

<35 <48

<66.0 <86.0

<10 <15

95.0

<12 <15

<3.3 <44

<70.0 <89.0

<10 <15

126.0

<1.2 <15

<3.1 <4.0

<73.0 <91.0

<10 <15

163.0

<1.2 <15

<29 <3.7

<77.0 <94.0

<10 <15

Note 1: For values of PTV dimension or volume not specified, linear interpolation between table
entries is required.
Note 2: Protocol deviations greater than listed here as “minor” will be classified as “major” for
protocol compliance (see Section 6.7).

Boa pratica utilizar Rsox € D2cm para outros sitios anatdomicos
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SABR-COMET

Table 5. Dose conformality parameters for lung SABR treatments
From Hurkmans et al, 2010""

Radiation Oncology 2009, 4:1 http:/Aiwww.ro-journal .com/content/4/1/1

Table |: Dese conformity requirements and definition of protocol deviations. R4 and Rgg;, = ratio of respectively the 100% and 50%
Prescription Isodose Yolume to the PTY. D; ., = dose maximum at 2 em from the PTY as percentage of the prescribed dose. V3,6, =
Percent of lung receiving 20 Gy or more (both lungs minus GTV).

Type A models (standard algorithms)
Rz Reps: B3 (%) Vap Gy (%) PTV {cc)

Deviation Deviation Deviation Deviation
Minor Mone Minar MNone Minor Mone Minar

1.15-1.25 <8 8-10 <55 535-60 <4 4-6
1.15-1.25 <7 7-8 <65 65-70 <6 &8
1.10-1.20 <6 663 <65 65-75 <8 810

Type B models (more advanced algorithms)
Rigoz Rsps, By e (%) Vg (%)

Deviation Deviation Deviatian Deviation
Minor Mone Minar MNone Miner Mone Minar

1.25-1.40 <12 12-14 <65 65-75 <5 5-B
1.15-1.25 <9 911 <70 70-80 <6 610
1.10-1.20 <6 &8 <70 70-80 <10 10-15
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Algumas dicas para estes contornos

PTV+2cm

Pele

e PTVsoma-GTV

« Parede Toracica (usar
funcao bolus no
Pulmao Ipsilateral)
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Tecnicas de planejamento — campos
estaticos

Arranjos de campos coplanares ou ndo-coplanares

Dar preferéncia para campos ndao-coplanares e nao paralelos opostos
(evitar sobreposicao de campos)

Campos coplanares recomendados para ttos com respiratory-gated (SABR-
COMET)

Minimo de 7 campos! TAlvo — Tcampos

Restringir a dose de entrada de cada campos < 30% Dtot (TG101)
Otimizacéo de angulo de colimador para melhor conformacao
Energia 4-10MV (RTOGs 0813/0915) e 6-10MV (SABR-COMET)

Max 2 campos 10-15MV (percurso total <10cm em tecido mole) - RTOGs
0813/0915

IMRT: segunda opcado (RTOGs 0813/0915) ou alternativa (SABR-COMET)
Dimensdao minima de campo = 3,5cm (RTOGs 0813/0915)
Grid de calculo £ 3mm — Recomendacéo < 2mm (TG101)

D
CONGRESSO
DA SOCIEDADE
| ) BRASILEIRADE
RADIQTERAPIA

RADIALIS

RADIOTERAPIA



Tecnicas de planejamento — arcoterapia

Modulada ou ndo modulada, no minimo conformacao dinamica
Minimo de 340° (soma dos arcos) — RTOGs 0813/0915

Preferéncia para arcos nao-coplanares e parciais

Arranjos de campos coplanares ou ndo-coplanares (< 20° — clearance)

Evitar irradiacao circunferencial de: es6fago, traqueia, e bronquio ipsilateral
(Timerman et al,2008)

Lesdes periféricas — checar clearance

Otimizacao de angulo de colimador para melhor conformacéao
1-2 arcos VMAT (SABR-COMET)

VMAT: optar por arcos parciais

Campos coplanares recomendados para ttos com respiratory-gated (SABR-
COMET)

IMRT: segunda opcado (RTOGs 0813/0915) ou alternativa (SABR-COMET)
Rotina Radialis — VMAT € a primeira opcao
Grid de calculo £ 3mm — Recomendacdo < 2mm (TG101)
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Conheca o seu TPS

LimitacOes e potencialidades do sistema
Algoritmos de calculo

Correcao de heterogeneidades

Mecanismo de otimizacao para modulacao
FuncoOes otimizacao para alvo e OAR

Possibilidade de inclusdo da mesa e dos acessorios de
posicionamento no calculo (TG176)

Definicao de protocolos institucionais para utilizacao
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Monaco® - Target EUD x Target Penalty

Target EUD Target Penalty

This biological cost function is an objective (not a constraint) and is the primary cost ~ This physical cost function is the ‘objective’ version of the Quadratic Underdose
function for targets. This cost function defines a structure as a target volume. It constraint for targets (Figure 7-18). The isoeffect is a DVH based physical parameter.
expresses the probability that a target cell survives a given dose. The field size for each  The Target Penalty is a quadratic penalty which starts at the threshold dose.

beam or sequence is automatically designed to encompass the target volume.

Required Parameters Regured Paramsters

Prascription (Gy): | EREA Frescription (&)1

Cel Sensitiviky: "EI 50 Fiinknum Yedhume (35!

Figure 7-18: Required parameters for the Target Penalty constraint
EUD {Equivalent Uniform Dose)

Targat Pan iy
EUD is a homogeneous dose that, when applied to an organ, has the same clinical
effect as any given, inhomogeneous dose distribution. The concept of EUD assumes
that any two dose-distributions are assumed equivalent if they cause the same
radiobiological effect.

Target EUD

I'-\:'-| T 7h L] B B0
Thesshola Gasn (G

S ]

o

Figure 7-19: Target Penalty a Prescription of 72 Gy.

]
}

n

Increasing Penalty for Cald Spats

Monaco® Training Guide
Document ID: LTGMONO510
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Monaco - Funcao Otimizacao - Serial

small k

Volume

-

40 3 60 70
Dose (Gy) Dose (Gy)

Efeito uniforme no DVH Altas doses sdo penalizadas no
DVH

Serial OAR Commeon
Isoconstraint
Values (Gy)
Rectum 64

Bladder 60 Eoumvdent Lnirarm Diose [o5yh:
Spinal Cord 29-36

Brinstem =0 Poaer Law Exparert: Monaco® Training Guide

Optic Nerve, Chiasm 32-48

e B i et P s Document ID: LTGMONO0510

Inner Ear 38
Mandible, Mouth, Larynx 40-46 Shrirk. Iargin fom
Parotid Gland 22
Brain 12 Optimize awsr al wooels inowalume:
Plexus 55

Serial

Reourad Parameters

Multicrizanzk

]

Examples of common k values for delivery of 2 Gy/fraction
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Monaco - Funcao Otimizacao - Parallel

T Y T Y T ¥ T L) T ¥ T v T

Paralbel

Reouired Parameters

Reference Dose [Cay)  ZE00.0 |
Mean Organ Damape (e E

Power Law Exporenc: | 3.50

Opdan al Physicd Parametars
shrirk Marginfom): 0,00

Cptmize avar al worels novabime:

40 Multicricerisl: [

Dose (Gy) |.
Effective Parallel cost function on a DVH

of || cand |

Parallel Common | Mean Organ
OAR k Value Damage (%)

Lung 3 20 Monaco® Training Guide
3.9 40 Document ID: LTGMONO510

21 20

4.0 33
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Monaco - Funcao Otimizacao - Conformality

Conformality

The Conformality cost function is a hybrid cost function. It controls undefined normal tissue instead
of organs at risk. The Conformality cost function shapes the high dose volume tightly around one or
more target volumes without being too restrictive to the optimum dose. The cost function
decreases the need for extra contouring and cost functions (Quadratic Overdose) to control normal
tissue dose levels.

Requirad Paramaters

Relabve Iroconstrant |

Elimina ou minimiza a utilizacao de estruturas anéis

Optienal Privsical Parawisters

Dptirsze peer all woreeks i wolumea: |

Minimiza a utilizacao da funcao quadratic overdose el
para o patient e e

The Relative Isoconstraint ranges from 0.01 to 1.00. Values less than 0.5 can start to
restrict target coverage. Monaco applies a stronger penalty to voxels when vou use a
lower value for the Relative Isoconstraint. The default distance Monaco applies the
Conformality Cost function is 4cm from the edge of the target. When you select

Optimize over all voxels in volume , Monaco applies the cost function up to 8.0 cm Monaco® Training Guide
from the edge of the target. You can also select Multicriterial to make this a secondary

objective. Document ID: LTGMONO510
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Constraints OAR

TODOS os
constraints
devem ser
respeitados!

6.5
6.5.1

Critical Structures

Arm 1: One Fraction (34 Gy)

Serial Tissue

Volume

Volume Max (Gy)

Max Point Dose
(Gy)

Endpoint (2Grade 3)

Spinal Cord

<0.35cc
<1.2cc

10 Gy
7 Gy

14 Gy

myelitis

Esophagus™

<bce

119Gy

154 Gy

stenosis/fistula

Brachial Plexus

<3cc

14 Gy

1756 Gy

neuropathy

Heart/Pericardiu
m

<15¢cec

16 Gy

22 Gy

pericarditis

Great vessels

<10 cc

31 Gy

37 Gy

aneurysm

Trachea and
Large Bronchus*

<4 cc

105 Gy

202 Gy

stenosis/fistula

Rib™

<1ce

22 Gy

30 Gy

Pain or fracture

Skin

<10 cc

23 Gy

26 Gy

ulceration

Stomach

<10 cc

112 Gy

124 Gy

ulceration/fistula

Parallel Tissue

Critical
Volume
(ec)

Critical Volume
Dose Max (Gy)

Endpoint (ZGrade 3)

Lung (Right &
Left)

1500 cc

7 Gy

Basic Lung Function

Lung (Right &
Left)

1000 cc

74 Gy

Pneumonitis

(1111112) Arm 2: Fou

r Fractions (4 x 12 Gy)

Serial Tissue

Volume

Volume Max (Gy)

Max Point Dose

Endpoint (2Grade 3)

Spinal Cord

<0.35 cc
<1.2cc

708 Gy (52 Gy/fx)
13.6 Gy (3.4 Gy/fx)

(Gy)
76 Gy (6.5 Gy/x)

myelitis

Esophagus*

<5cc

18.8 Gy (4.7 Gy/fx)

30 Gy (7.5 Gylfx)

stenosis/fistula

Brachial Plexus

<3cc

23.6 Gy (5.9 Gy/fx)

27.2 Gy (6.8 Gy/fx)

neuropathy

Heart/Pericardiu
m

<15¢cc

28 Gy (7 Gylfx)

34 Gy (8.5 Gy/fx)

pericarditis

Great vessels

<10 cc

43 Gy (10.75 Gy/ix)

49 Gy (12.25 Gylfx)

aneurysm

Trachea and
Large Bronchus®

<4 cc

15.6 Gy (3.9 Gy/fx)

34.8 Gy (8.7 Gy/fx)

stenosis/fistula

Rib*™

<1cc

32 Gy (8 Gy/fx)

40 Gy (10 Gy/fx)

Pain or fracture

Skin

<10 cc

33.2 Gy (8.3 Gy/ix)

36 Gy (9 Gy/ig)

ulceration

Stomach

<10 cc

17.6 Gy (4.4 Gy/fx)

272 Gy (.8 Gy/fx)

ulceration/fistula

Parallel Tissue

Critical
Volume
(cc)

Critical Volume
Dose Max (Gy)

Endpoint (2Grade 3)

Lung (Right &
Left)

1500 cc

116 Gy (2.9 Gy/fx)

Basic Lung Function

Lung (Right &
Left)

1000 cc

12.4 Gy (3.1 Gy/fx)

Pneumonitis

“Avoeid circumferential irradiation
**Rib limit may be exceeded if rib structure lies within PTV; see Section 6.5.1.1 below.

Crtical Organ Dose-Volume Limits (3/4/10)

The following table lists maximum dose limits to a point or volume within several critical organs.
Except for the rib, these are absolute limits, and treatment delivery that exceeds these limits will
constitute a_protocol violation (See Section 6.7). The dose is listed as total delivered. These
limits were formulated with the approval of the study committee (Principal Investigators and Co-
Chairs) using tolerance data, historical data as listed in section 1 with special weighting to the
RTOG experience (in reference to the 34 Gy dose) and that of Chang, et al. from MD Anderson
(in reference to the 12 Gy times 4 fractions arm).

RTOG 0915
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Constraints de Dose (SABR-COMET)

Table 2. Normal tissue dose constraints for 1-3 fractions SABR regimens.
From Timmerman et al, 20082

Serial ;lnuc Volume (mL) Volume Max (Gy) Max Point Dose (Gy) Endpoint (=Grade 3)

SINGLE FRACTION TREATMENT
Optic pathway <02 8 Nouritis
Cochisa Hearing loss
Brainstem <1 10 Cranial neuropathy
Spinal cord . 10 Myslitis

7

Cauda equina 14 Neaitis
Sacral plesus 144 Nouwropathy
Esophagus® 145 Stenosie/fistula
Ipsilateral brachial plexus Newropathy
Heart/pericardium
Groat voassls
Trachea and ipsilateral bronchus®
Skin

Stomach

Duodenum®

Jojunumiileum’ . Entoritis/obstruction
Colon*® Colitie/ fistula

Rectum* Proctitis/fistula
Bladder wall Cystitis/fistula

Panile bult Impotence

Fomoral heads (right and lef) Nocrosis

Ronal hiksm/vascular trunk Malignant hypsetension

Parallel Tissue Critical Volume (mL)  Critical Volume Dose Max (Gy)  Endpoint (=Grade 3)

Lung (right and loft) 1.500 7 Basic hing function
Lung (right and lef) 1.000 T4 Preumonitis

Livoe 700 9.1 Basic fiver function
Renal cortex (right and loft) 200 84 Basic renal function

Sorial Tissuo Volume (mL) Volume Max (Gy) Max Point Deso (Gy) Endpoint (=Grade 3)

THREE-FRACTION TREATMENT
Optic pathwiry <02 15 Gy/to 10.5 (6.5 Gy/to Newitis
Cochica 20(6.67Cy/f)  Hearing loss
Bramistam <1 18 8 Gy/t) 23(7.67Gyf)  Cranial neuropathy
Spinal cord <0.28 18 6 Gy/ba 22 (7.33 Gy/'to Myelits

<12 1.1 3.7 Gy

Cauda squina < 21.00.3 Gy/ho

Sacral ploxus <3 2250.5 Gyt
Esophagus® <5 21 (7 Gyt

Ipsilatoral brachial plecus <3 2250.5 Gy/h
Heart/pericacdium <15 248 Gy/h)

Groat vosssls <10 39 (13 Gy/f)
Trachea and ipsilateral bronchus® <4 15 5 Gy/bd

Skin <10 225@.5 Gyt
217 Gyt
15.(5 Gy/bo

16.2(5.4 Gy/h)

20.4 8.8 Gy/ho

Rectum® 20.4 6.8 Gy/t)
Bladder wall <15 15 (S Gy/bd

Panile bulb <3 21.9G.3 Gy

Fomoral heads (right and lef) <10 21.90.3Gyko

Ronal hikim/vascular trunk <23volume 186 (52 Gy

Parallol Tissuo Critical Volumeo (mL)  Critical Volume Doso Max (Gy)
Lung (right and lef0 1.500 10535 Gy/ko
Lung (right and lef 1.000 11.4 3.8 Gy/k)

Livor 700 17.1 (5.7 Gy/t)
Renal cortex (right and lo#t) 200 14.4 (4.8 Gy/k)

248 Gy/f) Neuritis
248Gyt Noaropathy
27 @ Gy'to Stenosis/fistula
24 8 Gy/f) Nearopathy
30 (10 Gy/f Paoricarditis

45 (15 Gy/f
30 (10 Gy/fo
24 8 Gy/to
248 Gy/to)

Aneurysm
Stenosis/fistula
Ulcetation
Ulceration/fistula
Ulceration
Enteritis/obstruction
Colitie/fistula
Proctitis/fistula

Stomach
Duodenum®
Jejunumvileum*
Colon*

42 (14 Gyt

Endpoint (=Grade 3)
Basic hng function
Prsumonitis
Basic liver function
Basic renal function

Table 3. Normal tissue dose constraints for FIVE-fraction SABR regimens.
From Timmerman ef al, 20082

Serial Tiesue

— — —
Volume (mL) Volume Max (Gy) Max Point Dose (Gy) Endpoint (=Grade 33

Optie pathway
Cochlea
Brainstem
Spinal cord

Cauda squina

Sacral plexus
Esophagus®

Ipsilateral brachial plexus
Haart/pasicardium

Great vessels

Stomach
Duedenum*
Jojunum/ileum’
Colon*
Rectum®
Bladdar wall

Panile bulb

Femoral heads right and left)
Renal hilum/vascular trunk

Tiachea and ipsilateral bronchus®
Skin

FIVE-FRACTION TREATMENT
<02 20 (4 Gyl 255 Gy/f) Nouritis
27.5(5.5Gy/fo

31 (6.2 Gyl

3016 Gy/f)

<1 26 (5.2 Gy/fe)
<025 22.5(4.5Gy/fa)
<12 135027 Gy
30 (6 Gy/f)
30 (6 Gy/f)
27.5 (6.5 Gy/fx)
30 (6 Giy/ )
32 (6.4 Cy/h)
47 (9.4 Gy/fo)
18 (3.6 Gy/ho)
30 (6 Gy/f)
28 (5.6 Gy/fo)
18 (3.6 Gy}
19.5 (3.9 Gy/bo)
25 (5 Gy/f)
255 Gy/f)
<15 18.3 (3.65 Gy/h)
<3 30 (6 Gy/f)
<10 30 (6 Gy/fe)
<2/3volume  23(4,6 Gyl

341(6.4 Gy/f
32 (6.4 Gyt
3507 Gy/td
32064 Gy/to) Neuropathy
381(7.8 Gy/k) Paricarditis
530106 Gy Aneurysm
38(7.6 Gy/fe) Stenosis/fishila
321064 Gy/fx) Ulceration
32106.4 Gy/fx) Ulcaration fistula
32064 Gy/k) Ulcaration
3507 Gy/fd enteritis/obstruction
38(7.6 Gyl colitis/fiatula
38(7.6 Gy/fo) proctitis/fistula
38(7.6 Gy/f) cystitis/fiatula
50010 Gy/hd Impotence

Necrosis

Malignant hypertension

Parallel Tissue

Critical Volume (mL)

Critical Volume Dose Max (Gy)  Endpoint (=Grado 30

Lung (right and lefi}
Lung (right and lef

Liver
Renal cortex (right and left)

1.500 12.5 (2.5 Gy/fw}
1000 13.5 .7 Gy/far
00 21 (4.2 Gy/h
200 17.5 (35 Gy/ho

Basic lung function
Preumonitis

Basic liver function
Basic renal function

“Avoid circumferential imadiation.

It is strongly recommended that the doses to organs at risk are not to be exceeded
— in some specific cases, this may require lower doses or higher fractionations than listed
here. Such changes in dose will require approval of one of the local principal investigators.

(see section 6.2)
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Constraints de Dose (SABR-COMET)

Table 4. Additional normal tissue dose constraints for EIGHT-fraction SABR regimens.
Dose conformality requirements from Table 5 also apply for lung lesions. Mote: for targets
overlapping the stomach or esophagus, 12 fractions should be used, with a maximum
dose of 48 Gy in 12 fractions for either organ. For any organs not listed, or for OARs for 12
fraction regimens, a biologically effective dose can be calculated using an alpha-beta ratio

of 2.

Structure

Maximum Dose

Liver

At least 700 cc below 22 Gy (unless using
NTCP calculation method)

Kidney {right and left)

At least 200 cc below 21 Gy

Spinal Cord

32 Gy point dose
V(27T Gy) <025 ¢ce
V(16 Gy)< 125 cc

Stomach

40 Gy point dose
Vi34 Gy) <10 cc

Esophagus

40 Gy point dose
V(33 Gy)<bcc

Great Vessels

65 Gy point dose
V(68 Gy) < 10 cc

Trachea and Ipsilateral Mainstem
Bronchus

40 Gy point dose
V{215 Gy)<4dcc

Ipsilateral Brachial Plexus

39 Gy point dose
V(365 Gy)<3cc

Heart/Pericardium

46 Gy point dose
V39 Gy) <15 cc

Duodenum

39 Gy point dose
V(215 Gy)<becc

Jejunum/lleum

40 Gy point dose
V(23 Gy)<b5ce

WV(X) Gy): volume of structure receiving X Gy or more (i.e. for the stomach, V34 Gy is the

volume of stomach receiving 34 Gy or more).
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Caso clinico — Radialis

Verv = 16,9c¢cC
Vos% = 95,3%
Voox = 99,9%
Grad =+118%
R1oo% = 1,05
Rso%x = 4,5

Dacm = 48,5%
V2oey = 2,5%




Clearance

« CT Simulacéo
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Clearance

Tratamento
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SBRT - Figado

6.1 Dose Specification (8/7/07)

6.1.1 The target dose is determined based on the study dose level and the volume of normal
liver excluded from radiation (using the liver DVH) see Section 6.5. Treatment at the
allocated dose level is only permitted if the normal tissue crteria in Section 6.5 are

maintained If the normal tissue criteria are not met at that dose, treatment at a lower
dose level is permitted, as long as the normal tissue constraints are met at the lower

dose level.

Critical Structures
Normal Liver: The normal liver is defined as that portion of liver not radiographically
involved by gross tumor (Narmal liver volume minus GTV). In all patients, it is required
that there is at least 1000 cc of normal liver. No more than 30% of the normal liver may
receive more than 27 Gy, and no more than 50% of normal liver may receive over 24
Gy. See figure below:

6.1.5 Table of permitted doses (in Gy)

PTV dose

Dose/fraction Maximum Minimum
(100%) (120%) (90%)

I a5 35 42 3.15
it 40 4.0 48 36
i 45 45 54 405

v 50 5.0 6.0 45

T Protocol treatment begins at level Il
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SBRT - Figado

Doses will be prescribed to a peripheral covering isodose covering the PTV.
Assuming dose is normalized to this isodose at 100%, the maximal dose can be 120%
and the minimum PTV dose 90%. Any dose = 110% must be within the PTV (except
for adjacent tumors, in which the maximum dose outside the PTV must be < 115%).
Minor vanation is defined as minimum FPTV dose falling between 85 and 90% (of the
required 100% isodose prescription). Major variation (unacceptable) is defined as
minimum PTV dose < 85 % (for the required 100% isodose prescription).

Maximum doses described in Section 6.1.3 are defined at 1 cc of volume. Minimum
dose to the PTV is defined as minimum dose to 99.0% of the PTV.

6.1.5 Table of permitted doses (in Gy)

PTV dose

Dose/fraction Maximum Minimum
(100%) (120%) {90%)

35 35 42 3.15
40 4.0 4.8 36
45 45 54 4.05

50 5.0 6.0 4.5

T Protocol treatment begins at level Il

RTOG 0438
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Planejamento

Cobertura: PTVVv95%pPs = 95% (SABR-COMET)

Arranjos de campos nao-coplanares e nao paralelos opostos
(evitar sobreposicao de campos)

Minimo de 7 campos! TAlvo — Tcampos

Restringir a dose de entrada de cada campos < 30% Dtot
(TG101)

Otimizacao de angulo de colimador para melhor conformacao
Energia 6-25MV (RTOG 0438) e 6-10MV (SABR-COMET)
IMRT: NAO permitido no RTOG 0438

IMRT: permitido no SABR-COMET - 1-2 VMAT arcos
Rotina Radialis — VMAT é a primeira opcao

Grid de calculo £ 3mm — Recomendacéo < 2mm (TG101)
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Constraints

Metastasis
If lesions > 2cm from Porta Hepatis/Bile Duct: Three Fractions 20Gy x 3

If lesions < 2cm from Porta Hepatis/Bile Duct: Five Fractions 10Gy x 5
Liver minus-GTV: >700mL receive <15 Gy

Heart: <15cc receives 232 Gy; maximum point dose <52.5 Gy

Lung: <1000 cc receives 211.4 Gy (3.8 Gy/fx)

Esophagus: Maximal point dose is 27 Gy (9 Gy per fraction)
Stomach/Duodenum/Small Bowel: Maximal point dose 30 Gy

Kidney: <1/3 volume (sum of left and right) receives =215 Gy; V6 < 10%
Colon/Rectum: Maximal dose 34 Gy to 0.5 cc

Spinal Cord: Maximal point dose is 18 Gy (6 Gy per fraction)

Skin: Maximal point dose is 24 Gy (8 Gy per fraction)
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Constraints

Hepatocellular Carcinoma

Five Fractions

+Normal Liver: defined as liver minus GTV

» > 700 cc liver volume must be outside of the PTV

sMean liver-GTV dose < 18 Gy

*Heart: Maximal dose in 40 Gy to 0.1 cc.

«Kidney: For patients with only one functioning kidney (as demonstrated by renal scan) or when one kidney is
irradiated to mean dose >12 Gy:

» > 80% of the opposite kidney must receive <12 Gy and volume receiving 6 Gy (V6) must be <10%.
»Ideally 2/3 of the combined kidney volume will receive < 15 Gy

+Spinal Cord: Maximal dose is 27 Gy to 0.1 cc.

+Duodenum: Maximal dose is 30 Gyto 0.5 cc.

+«Small Bowel: Maximal dose is 30 Gy to 0.5 cc.

+Stomach: Maximal dose is 30 Gy to 0.5 cc.

sLarge bowel: Maximal dose is 34 Gy to 0.5 cc.

+Esophagus: Maximal permitted dose is 30 Gy to 0.5 cc.

+Rib: Maximal point dose is 54 Gy.

eLiver capsule (5 mm within outer contour): Maximal point dose is 54 Gy.

+Skin (surface rim of 5 mm): Maximal point dose is 48 Gy.
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SBRT - Pancreas
B A AR
patients fractions | control (%) survival (mo)

Koong et al., 2005 8.25
Hoyer et al., 2005 22 45 3 57 5.7
Mahadevan et al., 2010 36 - 3 78 14.3
Schellenberg et al., 2011 12 25 1 94 11.8
Goyal et al., 2012 20 22-30 1-3 81 14.4
Lin et al., 2015 20 35-45 5 80 20
Moningi et al., 2015 88 25-33 5 61 14.4-18.4
Shaib et al., 2016 13 36-45 3 NR 11

Adapted from Kim et al., J Gastro Onc, 2016
All studies on unresectable patients, except Moningi, which included bordetline resectable as well

Astro Guideline — ASTRO RT for Pancreatic Cancer, 06/2019

Goto et al. Radiation Oncology (2018) 13:118 — Clinical evaluation of
intensity-modulated radiotherapy for locally advanced pancreatic
cancer

Stereotatic Body Radiotherapy for Unresected Pancreatic Cancer: a
National Review, 2017
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Planejamento

Cobertura: PTVV95%PS = 95% (SABR-COMET)

Arranjos de campos nao-coplanares e nao paralelos opostos (evitar
sobreposi¢cao de campos)

Minimo de 7 campos! TAlvo — Tcampos

Restringir a dose de entrada de cada campos < 30% Dtot (TG101)
Otimizacao de angulo de colimador para melhor conformacéo
Energia 6-10MV (SABR-COMET)

IMRT: permitido no SABR-COMET - 1-2 VMAT arcos

Rotina Radialis — VMAT ¢ a primeira opcao

Grid de calculo £ 3mm — Recomendacéo < 2mm (TG101)

Prescricao:
— 25-33Gy / 5fr
— Considerar SIB 35-50Gy em areas de acometimento de vasos
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Constraints

Duodenum Kidneys (combined)
V30 <0.5 cc Mean dose <10 Gy
V18 <5cc Spinal Cord
V12.5 <10 cc V30 <0.035cc
Stomach Spinal Cord +5 mm
V30 V25 <0.5 cc
V25
Liver

Mean dose <15 Gy

*These are institutional constraints for 5 fraction treatment created as an
amalgam of published constraints (Moffitt, JHU) and those used in an
institutional trial.
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Consideracoes Finails

Seja SEMPRE cauteloso! Tenha sempre “medo” (no bom
sentido)

Defina os protocolos de SBRT (fracionamento/ esquemas de
tto, prioridades, técnicas de planejamento e otimizacéo,
niveis de acdo, constraints de dose,...)

SIGA O PROTOCOLO!!!

Revise periodicamente, com TODA a equipe, o0 protocolo
Conheca bem o seu TPS, o seu AL e demais sistemas
Faca sempre QA

Crie uma cultura de seguranca em todos 0S processos
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OBRIGADO!

/

angel_s_martinez@yahoo.com.br




