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INTRODUCAO A FiSICA MEDICA

Programa basico:

Breve Histérico sobre a Fisica Médica

Efeitos bioldgicos da radiagéo e Protegao Radioldgica
Diagnéstico por imagens: radiologia e medicina nuclear
Radioterapia: Introducao, teleterapia e braquiterapia

O Fisico Médico: formacéo e campo de trabalho atual e futuro

Radioterapia - principios

O que é?
Modalidades
Um pouco de Radiobiologia
O papel dos Fisicos
Evolucao Técnica

Radioterapia

pcao ionizante para causar
crapéutico com o minimo

Objetivo: empregar a
0 maximo de dano ao

de sequelas para os
Pode ser curativa q

Uso de fontes
radioativas nao-
seladas: Medicina
Nuclear
Principalmente
RadiolodoTerapia
o

Fracionada:
2D, 3D conformag
Arco-volumétricg
Aplicacao
Radiocirurgia/Bl,
Intraoperatéria
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Radioterapia - RadioCirurgia

Radiocirurgia estereotaxica:

LesOes pequenas
Tecidos vizinhos “delicados”

Sem metastases
Pouco movimento de o6rgaos (margem

estreita)

Radioterapia - radiobiologia

Fracionamento atende a 4 motivos
principais:
Reparo (recuperagao) dos danos sub-letais
Repopulacao de tecidos sadios
Reoxigenacao de células tumorais

sobreviventes
Redistribuicao das células tumorais em

fases mais sensive zcicle=alular

Mitose ’
pessdode Oz .
Jul spmenos dlferzncxada
élula

__4

Radioterapia — volumes de interesse

GTV, CTV, PTV

Gross tumour volume
Clinical target volume
Planning target volume

Em contrapartida se definem também os
orgaos sob risco (organs at risk) —

tecidos sadios radio-sensiveis irradiados
também e tém dose de tolerancia

Radioterapia - radiobiologia
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FIG. 14.4. The principle of therapeutic ratio. Curve (A) represents the tmowr control
probabilitv.-cuirve (B) the probabiliny of complications. The total dose is delivered in 2 Gy
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Radioterapia - radiobiologia Radioterapia - radiobiologia
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Introduction to Clinical Radiation Biology
Henning Willers, Kathryn D. Held
Hematol Oncol Clin N Am 20 (2006) 1-24
Figure 1
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RADIATION ONCOLOGY
PHYSICS:

A HANDBOOK FOR
TEACHERS AND
STUDENTS, IAEA, cap. 14
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LET: transferéncia
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energia perdida
pela particula por
unidade de caminho

0.10 —+0.10
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Dose (Gy)

Radioterapia — efeitos do tipo de radiacao @

Difference of Tract Properties
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LET: transferéncia
linear de energia —

energia perdida
pela particula por
unidade de caminho

http://inpp.ohiou.edu/~massey/PHY569L/Module6.pdf

Radioterapia — efeitos de oxigenagao @
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FIG. 4.5 "Typical cell surviving fractions for x rays, neutrons and e particles: dashed
curvesare for well oxygenated cells, solid curves for hyvpoxic cells.

OER = Dose to produce a given effect without oxygen

Dose to produce the same effect with oxygen




Radioterapia — efeitos do volume irradiado

'STANDARD TREATMENT
___ IGRT/IMRT
TV, CTV, FTY B PROTONS
BRACHY

PTV/CTV RATIO THERAPEUTIC INDEX

Cancer Treatment Reviews
Volume 45, April 2016, Pages 58-67
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Radioterapia — sequelas em tecido sadio

IMRT
3D-CRT

Protons

SECOND CANCER RISK

_____,__-—r—'__'___—'_—_—'—_

Low Intermediate High Target
doses doses doses  volume

Cancer Treatment Reviews
Volume 45, April 2016, Pages 58-67

Radioterapia — sequelas em tecido sadio
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IMRT
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Cancer Treatment Reviews
Volume 45, April 2016, Pages 58-67

Radioterapia — distribuicao da dose
absorvida
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Radioterapia — distribuicdo da dose

Radiobiologia — o0 que esta por vir?

absorvida — curvas de isodose

Raios X ey

Efeito bystander

Genética — radio-sensibilidade tumor /
paciente

Quimio e radio simultaneos

Drogas para separar as curvas TCP e
NTCP

Evolugéo Técnica da Tele-Radioterapia

Planejamento:

* Planejamento individualizado do 2D
i~ S Objetivo: aumentar 3D
tratamento, de acordo com prescricao = dose 1o trmor o Conformado »

o Controle de qualidade de minimizar volume e Monte Carlo indivif ¢ *
dose de tecidos Mudanga de Parac: " e{ tsma -\ 5

equipamentos sadios irradiados. .
. ~ . L. . ~ Planejamento Inve
+ Verificagao dosimétrica — aceitacao e IMRT . .
roti nei ra Histogramas dose Bosecen) i
. . Tecnologia de irradiadores:
* Protecdo Radiolégica Localizagéo estereotaxica
. Treinamento de pessoal lC();o;:ole colimagéo / localizagéo
* Venda técnica Localizag&o/definigao do CTV:

Uso de imagens de varias modalidades pelo SP

Uso de Particulas Carregadas Pesadas:
Prétons e carbono ~centenas de MeV

¢ Desenvolvimento de software




Figure 1 from Creating a spread-out Bragg peak in proton beams
David Jette and Weimin Chen 2011 Phys. Med. Biol. 56 N131 doi:10.1088/0031-9155/56/11/N01
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Figure 1: comparisons of the physical
characteristics between proton beam and X-ray

X-ray Spread of Bragg Peak
{\,A Bragg Peak
1

@soq

Depth ! !
—_— d

http://www.chang-gung.com/editorimg/150904-beam.jpg

Fontes:
Agulhas / tubos — fonte pun
Manual / afterloading
Baixa e média taxa — HDR
Implantes permanentes
Raios X miniatura (?)

Planejamento:

Fletcher afterloading colpostats

%=

it b. Round-handle,
I

Objetivo: aumentar
a dose no tumor e
minimizar volume e
dose de tecidos
sadios irradiados.

anlinradnrac

\

rvas de isodose

Exemplos de Técnicas Radioterapia @

BRAQUITERAPIA DE MAMA https://youtu.be/mZj6 AMgXIjI

Acelerador  https://youtu.be/DBBWVW{CFDE

IMRT https://youtu.be/02-5GyPTxLg
Terapia em arco https://youtu.be/3s756awll8o




Braquiterapia com mini-emissor de RX
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Bx Source Advantages Disadvantages
radionuclide|Well established therapeutic use Fixed dosimetry properties
Well established calibration procedures |Radioactive waste concerns
Fixed photon spectrum and half-life Regular source shipments due to decay
High specific activity, small size
electronic |User-adjustable dose rate (on/off) Unproven clinical application

User-adjustable dosimetric properties
Lessened radiological exposure to staff

No NIST calibration protocol
Output variability amongst sources
Typically larger in size

https://aapm.org/meetings/05SS/program/rivard eBx_v4.pdf

Mark J. Rivard, Larry A. DeWerd, and Heather D. Zinkin

Braquiterapia com mini-emissor de RX
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Figure 2. A schematic diagram of the x-ray scalpel.

Gamma Knife surgery — preferred for a reason

With very few exceptions, Gamma Knife surgery s given
on asingle occasion and without general anesthesia.
After Gamma Knife surgery the patient normally leaves
the hospital on the same day or the day after, making it
avery cost effective alternative to open surgery.

During the procedure, some 200 radiation beams
from cobalt-60 sources converge with high accuracy on
the target. Each individual beam has low intensity and
therefore does not affect the tissue through which it
passes on its way to the target. The beams converge in
an isocenter where the cumulative radiation intensity
becomes extremely high.

By moving the patient’s head in relation to the
beams' isocenter, the radiation dose can be optimized
in relation to the shape and size of the target. The ex-
treme precision of Leksell Gamma Knife, better than

0.5mm, makes it possible to administer a high radiation
dose to the lesion with minimal risk of damaging
healthy tissue.

The collimator system consists of 192
cobalt 60 sources, divided into 8 sectors
that can be individually positioned to
any of 4 states: 4 mm, 8 mm, 16 mm or
off. During treatment, these sources are
positioned via the sector mechanism to
generale the desired radiation beam,
and enable treatment of highly complex

structures.

Lars Gustaf Fritiof Leksell (1907-1986)
Considerado o inventor da radiocirugia
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