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Gating

* Sincronizar o feixe de radiacdao a uma determinada fase / janela do
ciclo respiratorio, reduzindo a margem (ITV)

Correlac3o entre o sinal externo vs Medida do fluxo de entrada/saida de
posicao (interna) do alvo ar — breath hold

AR .
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Gating - reducao do PTV
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100 + ing window', i.e from a single component CT scan. An iso-
tropic margin of 1.5 cm (but 2.0 cm for cranial and caudal
[ margins in lower lobe tumors) was added to the GTV in
0 . . . . . . order to account for microscopic extension, mobility and
4 2 3 4 5 8 - 8 9 10 11 set-up inaccuracies;
Patien (ii) PTV,y phasesr Which consisted of the volume encom-
ationts passing all ten GTVs (i.e. all respiration-induced mobil-
ity), plus an isotropic margin of 1.0 cm for microscopic
. extension and set-up inaccuracies;
Figure |
Absolute volumes of PTvroutine(.)’ PTVa” phases(D) and PTVga(ing(‘)' (iii) PTV,;, consisting of the volume encompassing 3-

4 GTVs in the gating window, plus an isotropic margin of
1.0 cm for microscopic extension and set-up inaccuracies.
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Gating - impacto dosimetrico
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Figure 3

a-b Dosimetric correlation between (a) PTV reduction and V20 reduction, and (b) PTV reduction and MLD reduction.

Underberg et al. A dosimetric analysis of respiration-gated RT in

ptts stage Il lung cancer. Rad Oncology, 2006
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Figure 2

a-b Dosimetric correlation between (a) PTV reduction and V20 reduction, and (b) PTV reduction and MLD reduction.
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Gating - fatores de influencia

1. Correlacao
externo vs
interno

2. Predicao

correta do

movimento
(4DCT de boa

5.Método de
imagem na
sala de
tratamento

Gat|ng qualidade)
Seguro

3. Variagao de
amplitude
significativa
da lesao

4. Correlagao
reprodutivel
CT-sim vs AL
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Gating - fatores de influéncia

1. Correlacao do movimento interno vs externo: cria-se uma associacao
da posicao do marcador externo em relacao a fase do ciclo respiratorio
|
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: . n | \
{/\ \/ bl / e
\H/ e ey / V \
ﬂ ﬂ 7 ’ .y ' S £ !
- Ciclos irregulares, por exemplo, podem criar um

modelo de correlacao “pobre" — para a mesma
fase, diferentes amplitudes sao associadas:
- distor¢cao na imagem,;

- Avaliar candidatura do paciente ao gating/
estudo 4DCT;
- Treinamento.
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Gating - fatores de influéncia

2. Predicao do movimento da lesao: definido no momento da
simulacao (4D-CT ou breath hold scan)

- Scans em respiracao livre ou com protocolo inadequado de 4DCT introduzem erros geométricos que nao serao
corrigidos com o gating
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Gating - fatores de influéncia

3. Variacao significativa da amplitude da lesao
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simetric correlation between (a) PTV reduction and V20 reduction, and (b) PTV reduction and MLD reduction.

- LesOes que se movimentam pouco, podem nao ter beneficio no emprego do gating
- Avaliar custo (emprego de recursos, dificuldades operacionais)

Underberg et al. A dosimetric analysis of
respiration-gated RT in ptts stage Il lung cancer.
Rad Oncology, 2006
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Gating - fatores de influéncia

4. Correlacao reprodutivel entre CT-sim e AL

LED Mark

CT-sim

LED Markers ?

e

Figure 4. Variations in respiratory patterns from the same

patlent taken a few minutes apart. The three curves in each

plot corres) p d to infrared reflector measuted patient

surface mo n the SI, AP, and ML directions, with each

compo arb trarily normaliz d In ( ) the motion

pemisreltlely eproducible hp displacement
mg tude andp emI(b)ﬂ-l ssuu-rgla:rh
ff ult ¢ tingui: hany p tory pattern. [Figure

rich.]

nyS]D

- Mesmo com uma aquisicao adequada, se o ciclo respiratorio sofrer alteracao no
momento do tratamento, nao se pode admitir que o alvo esta sendo adequadamente
rastreado durante a etapa de entrega da dose.
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Gating - fatores de influéncia

e 5. Associar um método de imagem no momento do tratamento:
permite visualizar a posicao da lesao em tempo real e fazer as devidas
adaptacoes

Contents lists available at ScienceDirect

Radiotherapy and Oncology

journal homepage: www.thegreenjournal.com

Original Article

Both four-dimensional computed tomography and four-dimensional
cone beam computed tomography under-predict lung target motion e
during radiotherapy

Elisabeth Steiner *, Chun-Chien Shieh*, Vincent Caillet*”, Jeremy Booth "<, Ricky O’Brien?, Adam Briggs ",
Nicholas Hardcastle *°, Dasantha Jayamanne ", Kathryn Szymura ", Thomas Eade ", Paul Keall *
3ACRF Image X Institute, The University of Sydney Central Clinical School; ® Northern Sydney Cancer Centre, Royal North Shore Hospital, Sydney; ©School of Physics, University of

Sydney; 9 Physical Sciences, Peter MacCallum Cancer Centre, Melbourne; € Institute of Medical Physics, The University of Sydney; and " The University of Sydney Northern Clinical
School, Australia
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 Estimativa de movimentacdo Comparing pre-treatment and intra-treatment motion

interna com 4D é subestimada
em relacao a movimentacao
durante o tratamento
(Calypso®)

Sl Sl
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e 4D-CBCT € um pouco mais
representativo que 4D-CT

- CT: apenas cerca de 1 ciclo
respiratorio por corte

- CBCT: 15-20 ciclos por aquisicao

=
L =]
[l

10+

Imaaing=1.8*4DCT
Treatment=1.7*4DCT

Imaging=1.6*"4DCBCT
Treatment=1.5"4DCBCT

(=]

=

10 20 30
4DCT motion range [mm)]

0 10 20 30
4DCBCT motion range [mm]

Imaging/treatment motion range [mm]
Imaging/treatment motion range [mm]

o

4DCT and 4DCBCT under-predict RT motion

E. Steiner et al. / Radiotherapy and Oncology 135 (2019) 65-73

Slide cortesia: Pedro H B Cardoso
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Gating - fatores de influencia

_ Baseline drifts larger than 5 mm were observed in at least one
3 mm margin B 4pCT direction in 27% of the treatment fractions. The resulting uncer-
I 4DCBCT . . . . . .

tainties could be reduced by more frequent intrafraction imaging.

Ideally, real-time motion tracking is available during treatment

to monitor baseline drifts and sudden breathing pattern changes
as they occur [23-25].

Overall a typical margin of 5 mm combined with a 4DCT- or

o o
e o

% treatment time
-9
=]

og
%
%

& '*Qr»“im‘*@‘%sﬂa‘ﬂ ‘*Qu‘*:v"*ﬁqu%«:“i«:‘%‘ifoﬁe‘{:eﬁbﬂ«ﬁ«‘i«*:%ﬁs‘i%‘% ® ':»"f@"i@"f@& 4DCBCT-based motion measurement covered for exceeding treat-
Treatment fractions ment motion in 76% and 83% of the treatment fractions, respec-
lobo _ tively, and the times of exceeding motion were short (1-20%,
superior 3 mm margin - :EELCT Fig. 4). This is in agreement with the data of Shi et al. [26] reporting
2 :o lobo lobo - that the tumour motion exceeded the motion estimation from

% ; inferior médio 4DCT plus a 5 mm margin in up to 13% of the treatment time.
£ . Treatment target motion amplitude variability had less effect
:f; “J‘ on the motion under-prediction than the observed baseline drifts.
" T e TR NI NI In order to correct for amplitude variations in real-time, various
Q""Qm“*qm"*qw A Qn, Qa"*qu‘*qu A Qﬂa & Qe & qe- Qfo**q«“‘i« P Qe: @*i%“"@“*@"%‘;.s";@";@* options are available: multileaf collimator (MLC) tracking [23],
Treatment fractions motion tracking with CyberKnife [27], Vero [24], couch tracking

Fig. 4. Percentage of treatment time per fraction when the reconstructed motion ranges from 4DCT and 4DCBCT plus a 3 mm or 5 mm isotropic margin were exceeded in S, [25] or gating the beam for larger amplitudes [11].

LR or AP directions.

4DCT and 4DCBCT under-predict RT motion

Slide cortesia: Pedro H B Cardoso E. Steiner et al./Radiotherapy and Oncology 135 (2019) 65-73
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Treatment motion range variations from fraction to fraction due
to baseline drifts and amplitude variability were observed. This is
consistent with the data published by Shah et al. [9] and Dhont
et al. [10]. Our data show that the imaging and treatment target
motion range was significantly larger than predicted in 4DCT and
4DCBCT and can be used to understand the limitations of 4DCT
and 4DCBCT. Ge et al. [21] found that 4DCT did not represent
abdominal tumour motion and concluded “It may not be appropri-

ate to use 4DCT without monitoring of patient motion on a regular
basis for patients with abdominal tumours, especially SBRT

patients.” Based on our current study, we can apply their conclu-
sion to include both 4DCT and 4DCBCT for lung cancer SABR

patients: It may not be appropriate to use 4DCT or 4DCBCT for lung
cancer SABR patients without intra-treatment motion monitoring.

4DCT and 4DCBCT under-predict RT motion

E. Steiner et al./Radiotherapy and Oncology 135 (2019) 65-73

Slide cortesia: Pedro H B Cardoso

* Ressalva:

resultados
clinicos atuais de SBRT
Sao excelentes. O
impacto clinico destas
possiveis descoberturas
precisa de maior
avaliacao, mas
exemplifica os riscos em
se reduzir margens além
das praticas atuais.
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Critério de selecao
de pacientes

e Amplitude
e Localizacao da lesao
® Treinamento?

Protocolo de
aquisicao de
imagem

e Pitch vs rotacao do

gantry vs frequéncia
respiratoria

IGRT

e Diafragma ou fiduciais
como marcador

e 4D CBCT
* Imagens trigadas

Gating - estabeleca um protocolo

Estratégias para
mitigar falta de
reprodutibilidade
no AL

e Treinamento

e Dispositivo visual para
O paciente

e Planejamento

“estepe”com margens
maiores




Gating - QA

Feixe de
tratamento

End-to-end (output,
simetria e

planura)

CT (ciclo
respiratorio e
protocolo de

imagem)
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AAPM TG-76 (2006)

It is important to note that respiratory motion is just one potential source of error in radiotherapy.

Other important errors, particularly for lung tumors, are gross tumor volume (GTV) and clinical target

volume (CTV) definition variations and setup errors. Large inter-physician GTV variations for lung

cancer” — and CTV variations for breast cancer™" have been published. The dosimetric consequences

of these variations are almost an order of magnitude larger than those caused by respiration-induced

22.76-32 33-40

motion (see section IV). Also, setup errors for lung and breast cancer are of the same or of a

higher order than those of respiratory motion. Respiratory motion varies from day to day, and tumor

and normal tissues can shrink, grow, and shift in response to radiation therapy and potentially other

concomitant therapies.

VILA NOVA-/TAR

REDE D"OF

Aan
A1

The Management of Respiratory Motion
in Radiation Oncology

Report of AAPM Task Group 76

July 2006
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Margens em RDT

Movimento
intrafracao

Movimento
interfracao

Delineamento

“Phantom
transfer”
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Mesa robotica

- Dispositivo que auxilia no posicionamento do paciente durante a entrega da
dose;

Roll

- Adiciona os graus de liberdade rotacionais, comparado as mesas padroes
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Mesa robotica - @€ necessaria?

© 2015 The Authors. Published by the British Institute of Radiology
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Cite this article as:
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data analysis of 2945 fractions. Br J Radio! 2015; 88: 20150468

FULL PAPER

- - - -
Are pltCh and ro“ com pensat|ons reqU|red ln a" Figure 2. Box plot representation. The five organs are reported on the y-axis, whereas on the x-axis, the sum of the absolute values

of pitch and roll rotations are shown. For each organ, the 75th and 25th percentiles are represented by the right and left edges of the

pathOIOQiQS? A data anaIVSis Of 2945 fractions “rectangular” box, while the central line is the median value. The data range and the outliers are reported, too.
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Mesa robotica - impacto dosimetrico

BJR & 2015 The Authors. Published by the British Institute of Radiclogy
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Dosimetric effects of roll rotational setup errors on lung

stereotactic ablative radiotherapy using volumetric
modulated arc therapy
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gure . Changes in the dose received at least 95% volume (Dase) of planning target volume (PTV) (a), the volume received by
100% of prescription dose (Viggs) of PTV (), Dyoos of clinical target volume (CTVY) (&), CTV Wipos (g), conformity index (CD (i) and

t measure (GM) (k) by roll-rotational setup errors before translational corrections are shown. After translational corrections,

changes in PTV Dgsgs (B), PTV Vioos (d), CTV Dioas (F), CTV Vioos (h), Cl () and GM (1) are also shown.
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Mesa robotica - impacto dosimetrico

Figure 2. Changes by roll-rotational setup errors in the maximum dose to the spinal cord {a), cesophagus (c), heart (&) and skin (g)
before translational corrections are shown. After translational corrections, changes in the maximum dose to the spinal cord (b),
oesophagus (d), heart (f) and skin (h) are also shown.
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Mesa robotica - limitacoes

* Mesa robodtica realiza transformacoes rigidas

* Se necessario deformacao, reposicionar.

* Acessorios indexados, em geral, garantem boa reprodutibilidade na regiao
toracica;
e Cuidado com bracos, mamas volumosas

* Grandes rotacoes aplicadas— probabilidade de deslize / possibilidade
de compensacao de movimento pelo paciente
* Melhorar posicionamento para reduzir rotacoes

* Peso maximo permitido €, em geral, inferior ao da mesa padrao
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Mesa robotica - QA

Rotacao na
pOsSicao
“home”

Rotacoes
conhecidas

Teste com
carga

Translacoes
conhecidas
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Consideracoes finais

* Gating e mesa robotica sao tecnologias que agregam no aumento da
acuracia, sendo especialmente importantes para  casos
hipofracionados, como os de SBRT de pulmao;

* E necessario discutir sobre as limitacdes;

* Nem sempre falar sobre limitacoes € algo negativo — oportunidade de discutir
a necessidade de margens e/ou possibilidade de reducao

* O calculo de margens (e sua reducao) nao pode ser definido
arbitrariamente:

* Considere a especificidade de sua instituicao, dos recursos disponiveis e de
cada paciente
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