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;,Qué es el IGRT?

IGRT: La radioterapia guiada por imagenes

IGRT es el uso de imagenes durante la radioterapia para
mejorar la precision y exactitud de la administracion del

tratamiento.
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Era Pre-IGRT




TomoTherapy: Un sistema temprano
de IGRT

TomoTherapy:
Un TC antes
de cada

tratamiento




one beam CT: Otro tecnico de IGRT
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IGRT con un acelerador lineal con RMN
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IGRT puede reducir los errores de
posicionamiento geometrico

Interpretacion erronea de las instrucciones de
configuracion

« Posicionamiento de marca de piel invalido

« Alineacion inadecuada

Contents lists available at ScienceDirect Another major change that occurred during the course of
i D e this study was the implementation of IGRT, which has been rolled
out gradually from 2004 to half of our treatment units in 2006.
Trend analysis has shown a statistically significant (two-tailed
t-test, p < 0.002) decrease in the rate of actual incidents caused by
Radiotherapy incidents location errors between the periods before (2001-2005; 0.27 per
Trend analysis of radiation therapy incidents over seven years 100 courses) and after (2006-2007; 0.13 per 100 courses) imple-
mentation of IGRT using cone-beam CT. Therefore, wide-spread
introduction of IGRT on six of our 16 linear accelerators appears
to have helped reduce the rate of actual (i.e., non-near miss) inci-
dents caused by location errors by 50%; we therefore anticipate
actual location error rates to further decrease as IGRT is deployed
to the remaining treatment units.

journal homepage: www.thegreenjournal.com

Jean-Pierre Bissonnette *, Gaylene Medlam

Radiation Medicine Program, Princess Margaret Hospital, Toronto, Ontario, Canada
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4 componentes de IGRT segura

Practical Radiation Oncology (2013)

Assuring Safety and Quality in Image Guided
Delivery Of Radiation Therapy

David A. Jaffray, Ph.D.?, Katja M. Langen, Ph.D.", Gikas Mageras, Ph.D.¢,
Laura A. Dawson, M.D. ¢, Di Yan, D.Sc.5, Robert Adams, Ed.D.f, Arno J. Mundt, M.D.¢,
Benedick Fraass, Ph.D."

Puesta en marcha y garantia de calidad continua (QA) de los sistemas
Protocolos para la adquisicion e interpretacion de imagenes

El vinculo entre las practicas de orientacion de imagenes y el margen
PTV

Educacion, formacion y recursos humanos.
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Guias de IGRT: Por qué tenerles?

Asegurese de que el uso clinico de las modalidades de |G sea
coherente con el proceso y la puesta en marcha del sistema.

Guias especificas del sitio del cancer contienen:

1. Resumen del protocolo de tratamiento

2. Tamano del margen de PTV para un metodo particular de
inmovilizacion y configuracion

3. Meétodos de alineacion de imagen

4. Limites de accion

Agilizar el proceso de toma de decisiones
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Importancia des la guias de IGRT

1) Consistencia entre oncologos radioterapeutas
2) Consistencia entre tecnologos
3) Usar el material de imagen mas actualizado
4) Disminucion de ineficiencias

Esperar que los medicos aprueben las peliculas.

Deja los expertos (tecndlogos) hagan lo que mejor saben hacer

9) Mantenerse con la literatura mas actualizada sobre imagenes
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Gastrointestinal — Lower Gl - Pelvic irradiation, long or short course

The institutional standard PTV margin ranges from 7 mm for the involved nodes to 10 mm for the primary. Two
fractionation schemes are generally used: 45 Gy in 25 fractions or 25 Gy in 5 fractions to the PTV. Generally, no
immobilization devices are necessary.

Pror to first fraction, orthogonal pair imaging will be used for patient setup, based on stable bony structures in the
proximity of the treatment region. Any visible disease must fall within the contoured PTV region.

For lower Gl targets, particular care must be paid to the shifts of the target with respect to the external body contour.
The coordinators will be informed of separation changes of 10 mm or more. In addition, the coordinators will be
informed of any changes in bladder / rectum volume and position that may compromise the treatment.

Imaging with the orthogonal pair will be followed by applying couch corrections daily. The verification with CBCT will
follow daily for the first five fractions. For the remainder of the treatment, the setup will be based on kV/kV orthogonal
images and verified with CBCT once per week.

On days when orthogonal pair indicates a shift of 10mm or more in any direction, the shift will be verified with a CBCT.

Additional imaging requests are to be prescribed by the coordinators.
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Como hacer el aseguramiento de la
calidad del proceso IGRT?

PLANNING PHASE: Margins consistent with IGRT site-specific protocol
Patient specific setup instructions and alerts included in patient’s chart (if needed)
Guidance structures sent from dosimetry

PRIOR TO FIRST TREATMENT: Review of DRRs
Confirmation of isocenter and guidance structures

DURING EACH TREATMENT:  Visual inspection of images
Evaluate shifts against action levels
Evaluate anatomical changes
Confirm correction using repeat imaging (larger shifts)
Record IGRT corrections in the patient’s

WEEKLY: Image review by physician
DURING WEEK 1 OF TREATMENT: Audit of image registrations by coordinator

AS NEEDED: Dosimetric analysis by physicist and re-planning by dosimetry
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Table 2: Recommendations to establish a foundation for safe and effective IGRT practices

Recommendation Comments Refs.
1. Establish a multi-professional team MP, DP, RTT, and RO membership; responsible for leading IGRT initiatives. Collectively, this team 37
responsible for IGRT activities. has deep expertise on |GRT. The program should make educational investments in this team.
2. Establish and monitor a program of daily, Led by MPs with participation by RTTs. Reporting and results should be transparent to other 12,13
monthly, and annual QA for all new or professions and administrators. See AAPM Task Group reports for test frequency.
existing IGRT sub-systems.
3. Provide device- and process-specifictrain- | Applications training needs to be augmented by internal process-specific training with compe- 13
ing for all staff operating IGRT systems or tency testing for all professions and supported by the IGRT team (see Recommendation1, above).
responsible for IGRT delivery.
4. Perform end-to-end testing for all new The combination of various sub-systems is typically not certified by vendors and needs to be 13
IGRT procedures (from simulation to dose tested before use. Tests should be specific to the process and include staff that will be performing
delivery) and document performance the procedure in the dlinical setting.
prior to dinical release.
5. Establish process-spedific documentation These guide internal training procedures and ensure consistent practices. Procedures include 5
and procedures for GRT. pre-IGRT QA checks, imaging technique, analysis methods, action levels, correction method, and
patient-specific documentation.
6. Clearly identify who is responsible for Requires oversight of responsible dlinician(s) in action or delegation. Written procedures are 1
approval of IGRT correction decision and critical to ensure the delegation of this important activity is robust. The frequency and response
the process whereby this decisionismade | time for review also need to be spedified in the protocol.
and documented.
7. Establish and document site-specific In general, PTV margins are strongly dependent on the IGRT procedures and IGRT system 26,4243
planning procedures, specifically, the performance. Treatments with this strong dependence should have documented procedures for
procedure for defining PTV margins. planning to ensure PTVs are properly constructed.
Link these planning procedures to IGRT
procedures.
8. Multi-professional peer-review of PTV Confirm PTV margins being employed are consistent with the performance of the IGRT technique. 29
volumes. Peer-review of GTV/(TV volumes | GIV/CTV delineation errors represent a significant systematic error source not typically accom-
by ROs. modated in the PTV.
9. Verify proper creation and transfer of IGRT | DPs/RTTs/MPs should assure the correct structures for interpretation of the IGRT images have 39
reference data (PTV, 0ARs, DRRs, etc) to been transferred to the IGRT system. ROs confirm quidance structures are correct prior to
IGRT system. treatment — this includes patient-specific quidance structures.
10. Establish a reporting mechanism for IGRT is an important part of the process and recording variances and near-miss events provides a 544

|GRT-related variances in the radiation
treatment process.

means to evaluate and improve performance.

Practical Radiation Oncology (2013)

Assuring Safety and Quality in Image Guided
Delivery Of Radiation Therapy

David A. Jaffray, Ph.D.2, Katja M. Langen, Ph.D.b, Gikas Mageras, Ph.D.,
Laura A. Dawson, M.D. 4, Di Yan, D.Sc., Robert Adams, Ed.D.f, Arno J. Mundt, M.D.¢,
Benedick Fraass, Ph.D."



Diferencia entre IGRT y RTA

» Radioterapia guiada por imagen (IGRT):
comunmente referida a un proceso de
reposicionamiento del paciente sin modificar el
plan de tratamiento inicial

« Radioterapia adaptativa (ART): implica la
modificacion del plano inicial, incluido el cambio de
las aberturas del haz o los patrones de intensidad
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Bases de la RTA

Un plan unico disenado antes del tratamiento
es insuficiente para describir la dosis real
administrada, y a menudo conduce a un

tratamiento suboptimo.
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.,Por que se necesita la ART?

1.

Tratamos a los pacientes asumiendo que la
forma, el volumen y las posiciones relativas de
la estructura seran las mismas durante todo el
tratamiento.

. Un paciente vivo es un problema de tratamiento

dinamico.

. Ninguno de los margenes de ICRU explica

estos cambios
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The arrow lllustrates the influence of the organs at risk

on delineation of the PTV (thick, full ine)
- Gross Tumor Volume (GTV)
- Subclinical Involvement
- Internal Margin (IM)
Bl set Up Margin (sm)
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Ejemplos de cambios dentro de un
curso de radioterapia

1. Cambios en el tamano y la forma del tumor
. Cuello voluminoso que regresa con el tratamiento
. Regresion de masa retroperitoneal que hace que los
rifones sean en el campo de tratamiento
. Globo ocular proptotico que retrocede con respuesta
a la radioterapia
Hinchazon del quiste de un craneofaringioma

2. Camblos en la geometria del paciente

a. Perdida de peso
b. Cambios postoperatorios resolviendo / edema
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Ejemplos de cambios dentro de un
curso de radioterapia

3. Cambios en el tamano / forma y la relacion de

los OAR circundantes

. Distension rectal que causa desplazamiento de
prostata.

. Alivio de la obstruccion esofagica

causando pulmoén el movimiento del pulmon en el

volumen objetivo

. Pérdida de volumen de la parotida

. Peérdida de grasa de la pared abdominal

Centre universitaire ,’ McGill University
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Ejemplos de cambios dentro de un
curso de radioterapia

4. Cambios en los patrones de absorcion en

tumores
a. Areas hipoxicas que no responden a la RT

b. Nuevas areas de captacion
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Ejemplo: Cancer de prostata

Prostate

Rectum
Reclum at Distended gectum

simulation at treatment

-
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Ejemplo: Cancer de cabeza y cuello

Planning CT During treatment
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CT simulation (cc)

bladder 103.2
bladder+1cm 273.0
bladder+2cm 566.1

Volume out of 1cm
Fraction # (cc) margin (cc)
55.8 0
99.9 0
53.86 0
121.68
124.93
153.8
62.91
68.44
102.73
83.6
78.74
60.06
71.23
59.43
63.1
87.89
58.4
48.63
70.4
63.89
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\ Fr 5 (125cc / 2cc)

\ Fr 6_(’10;2 / O.lcc/V

2cm (566¢cc)
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DAILY VARIATIONS IN DELIVERED DOSES IN PATIENTS TREATED WITH
RADIOTHERAPY FOR LOCALIZED PROSTATE CANCER

PATRICK A. KUPELIAN, M.D..#* KATIA M. LANGEN, PH.D..* OMAR A. ZEIDAN, PH.D_ *
SANFORD L. MEEKS, PH.D..* TwyLA R. WILLOUGHBY. M.S..* THOMAS H. WAGNER., PH.D..*
SaMm Jeswani. PH.D.." KeEnNETH J. RucHALA, PH.D.." JaAson HAIMERL., Pu.D.." AND
Gustavo H. OLIvEra, Pu.D.™#

*Department of Radiation Oncology, The M. D. Anderson Cancer Center Orlando. Orlando. FL.: "TomoTherapy Inc., Madison, WI:
“University of Wisconsin-Madison, Madison, W1

Rectum DVH
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., Como reconocer la necesidad de la
RTA?

. Valoracion clinica

. Dispositivos de inmovilizacion mal ajustados
. Imagenes de guia

. Quejas de los pacientes
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Tipos de RTA

ART

Biological Time
Adaptive Adaptive

Morphologic
changes
i.e. interfraction

Motion

i.e. intrafraction

—
—
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Los basicos de la RTA

La radioterapia adaptativa requiere que se haga
un nuevo plan de radiacion para el paciente

Puede ocurrir en diferentes escalas de tiempo:

* En cualquier momento dado

* Fuera de linea entre fracciones (Offline)

* En linea inmediatamente antes de una
fraccion (Online)

* En tiempo real durante una fraccion (real-time)

Centre universitaire ,’ McGill University
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Snap shot: e.g Replan on new CT 3-4 weeks into treatment

Offine: Daily dose registration / accumulation (real doses)
+

Off-line replanning on the basis of real doses /
Delivery following day

n-ine: Daily dose registration / accumulation at machine
+

On-line replanning on the basis of real doses /
Immediate delivery

Centre universitaire McGill
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Tipos de RTA

BART = Breathing Adaptive Radiotherapy

=t e

Free breathing

Breath-Hold (coached & uncoached)




RTA Offline

Simulation Planning Treatment

UCSan Dlego Centre universitaire McGill University
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RTA Offline

1. Respuesta tumoral significativa y / o pérdida de
peso significativa — Modificacion del plan en
medio del tratamiento

. Baja eficiencia — Limitado a 1 modificacion por

paciente y muy pocos pacientes
. Solo funciona para el cambio gradual de la
anatomia del paciente.

Cent n nlwnlul McGill University
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RTA Online

Simulation Treatment

UCSan Dlego Centre universitaire McGill University
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RTA Online

Tecnologias de tomas de imagenes
volumetricas permiten de obtener imagenes
antes y durante el tratamiento

Obstaculos técnicos importante para la

realizacion clinica de la RTA en linea

a. Re-planificacion en tiempo real

b. Calculo y integracion de dosis de imagen
c. Flujo de trabajo clinico es complicado

Centre universitaire ,’ McGill University
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Proceso de planificacion de la RTA
Online

CBCT , Deformable ’I Planning CT |
Reconstruction Image Regis w/ Contours |

Deformed
pCT and
Contours

'
Callz:Isa iion ‘4— Beam Setup J'—— Initial Plan J
'

~ Dose
Deposition
Coefficients

.

Plan Dose
Re-optimization Distribution

New Plan |
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Proceso de planificacion de la RTA

Delineations ™ Independent Calc
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Ejemplo clinico: RTA en cancer de
prostata
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Tumor control probability (TCP) and rectum normal tissue complication probability (NTCP) curves for prostate cancer
patients, from 50 to 100 Gy in 2-Gy per-fraction increments, for the three image-guided adaptive registration
techniques: tattoo, bone, clinical target volume (CTV) registered, and CIV-registeyed with margin reduced to 5 mm
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Ejemplo clinico: RTA en cancer de
prostata

A DOSE-ESCALATION TRIAL WITH THE ADAPTIVE RADIOTHERAPY
PROCESS AS A DELIVERY SYSTEM IN LOCALIZED PROSTATE CANCER:
ANALYSIS OF CHRONIC TOXICITY

DoNALD BraBBINS, M.D.. ALvaro MarTINEZ, M.D.. FA.C.R.. D1 YaN, D.Sc..
DaviD LockMmaN, D.Sc.. MicHELL WALLACE. R.N.. GArY GusTAFSON. M.D.. PETER CHEN, M.D..
FrRANK ViciNL M.D.. AND Joun WoNG. PH.D.

Department of Radiation Oncology, William Beaumont Hospital, Royal Oak, Ml
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Ejemplo clinico: RTA en cancer de
prostata

Initial CT *
Simulation Conventional Patient-Speciﬂc
‘ Treatment Treatment

)] (5 fractions) je= (34-39 fractions)

Contour A
mitial CTV,

rectum, bladder Daily Daily

* Portal cTr
Imaging Scans
~| (4 fractions) (4 fractions) Plan 4-field
ial P or IMRT
mitial PTV
(CTV+10mm)
Analyze Analyze
Setup Organ
Variations Motion
Co::tl‘::ml (off-line) (off-line) Define 3
cl-PTV

4-field
73

Fig. 2. Flowchart depicting the adaptive radiation therapy (ART) process. The process performs off-line analysis of the
sctup error and organ motion occurring during the first 5 days of treatment. These characterizations are used to predict
variation over the remaining fractions, and the c1-PTV is designed to provide dosimetric coverage of the nonsystematic
components of these vanations. Systematic components are removed with commensurate block aperture shifts dunng |
replanning. CI-PTV = confidence limited PTV: CT = computed tomography: CTV = clinical target volume: IMRT =
intensity-modulated radiation therapy: PTV = planning target volume.
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Ejemplo clinico: RTA en cancer de
- prostata




Ejemplo clinico: RTA en cancer de
préStata Generic PTV (267 c¢c) CLLPTV (151 ¢c)

and Pretreatment CT'V and Five Ininial C'T'Vs

The Treated Volume (380 cc¢)
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Gracias

Preguntas?
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