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INTRODUCCION

TUMORES HEPATICOS
0 6° mas frecuentes a nivel mundial
0 9% muertes por cancer

CIRUGIA ABLACION POR QUIMIOEMBOLIZACION
RADIOFRECUENCIA

-
| e

RADIOEMBOLIZACION
- Hepatocarcinomas
- Colangiocarcinomas
-Metastasicos

RADIOTERAPIA EXTERNA PROTONTERAPIA
CONVENCIONAL

SBRT
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¢ QUE ES LA RADIOEMBOLIZACION?

Lobulo derecho Lébulo izquierdo \

Se introduce el catéter por la arteria femoral hast
llegar a la arteria hepatica

Se liberan las microesferas ¢ en la arteria
hepatica

_ ARTERIA HEPATICA

_-—CATETER

Las microesferas llegan hasta las proximidades o
tumores y emiten radiacion beta que los destruye

Vesicula biliar /

Duodeno
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CARACTERISTICAS FISICASYDEL

NoMaximo: 11mm

wMedio: 2,5 mm 2- 0 keV

90

39Y

_ B (100%) 2.6684 dias
w5 mm iniciales Qp'=2278.7 keV
w11 primeros dias
0+ 0 keV
| 90

wNo fotones gamma a0Lr

Sibremsstrahlung
"w0,0032 % *



“AVANCES EN DOSIMETRIA, CALID/

EN TERAPIA CON RADIONUCLEIDOS

ESCENARIOS CLINICOS

SEGMENTECTOMIA

ENFERMEDAD EN UNO O
VARIOS SEGMENTOS DEL
HIGADO

LOBECTOMIA

TRATAMIENTO DE UNO
LOS DOS LOBULOS

DE

ENFERMEDAD LOBAR CON
TVP

INTENCIO[\I PALIATIVA EN E
LOBULO

ENFERMEDAD BILOBA

TUMOR EN AMBOS
LOBULOS A LA VEZ

TRATAMIENTO SECUEN(
(6-12 SEMANAS)

R

—~
CIAL
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Lébulo derecho Lébulo izquierdo

Posterior Anterior Medial Lateral izquierdo
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OBJETIVO CLINICO [HEPATOLOGY PAASLD

RAPID COMMUNICATION | HEPATOLOGY, VOL.. 74,NO. 5, 2021

Yttrium-90 Radioembolization for the

wIntencién curativa Treatment of Solitary, Unresectable HCC:
wPuente a trasplante The LEGACY Study
w Ab | acC | é N tumo I‘al Riad Salem ® ! Guy E. Johnson,? Edward Kim,* Ahsun Riaz,! Vivian Bishay,* Eveline Boucher,* Kirk Fowers,*

Robert Lewandowski,! and Siddharth A. Padia ®°

w Facilitar reseccidn

Mejor respuesta
o DOSIS MEDIA Alta tasa
w Estrategia paliativa 410 Gy supervivencia:
I 0
w Downstagingumor CHC (93%)

wMayor tiempo sin
progresion

Control tumoral
excelente
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ADVERTENCIAS/CONTRAINDICACIONES CLINICAS

4 N o N _ ™
wlumor > 70% wDepdsito en tubo w40 % pacientes con
volumen diana digestivo no colangiocarcinomas
wTransaminasas > 5 corregible wLimita las opciones
veces valor normal wShunt pulmonar > de tratamiento
wComorbilidades 20% (neumonitis) wEmpeora el
wEmbarazadas prondstico
TROMBOSIS VENA ?
ADVERTENCIAS A CONTRAINDICACIONE® PORTA
@

SELECCION DE PACIENTES
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SIMULACION PRRATAMIENTO

PLAI\JIFICACION DEL TRATAMIENTO.
CALCULO DE LA ACTIVIDAD A
ADMINISTRAR

DIA DEL TRATAMIENTO

VERIFICACION PARATAMIENTO




“AVANCES EN DOSIMETRIA, CALIDAD Y SEG An tequera
EN TERAPIA CON RADIONUCLEIDOS” 7 de junio 2024

bt/ rG/10.1186/440658-021.00394.3 EJNMMI Physics
GUIDELINE Open Access
EANM dosimetry committee series on ®

updates

standard operational procedures: a unified
methodology for °"Tc-MAA pre- and *°Y
peri-therapy dosimetry in liver
radioembolization with “°Y microspheres

Carlo Chiesa', Katarina Sjogreen—Gleisnerz, Stephan Walrand? Lidia Str]garid, Glenn Flux’, Jonathan Gear”,

Carcline Stokke”, Pablo Minguez Gabina’, Peter Bemhardt™ and Mark Konijnenber ] D o )
g J g
European Journal of Nuclear Medicine and Molecular Imaglng (2022) 49:1682-1699

https://doi.org/10.1007/500259-021-05600-z

GUIDELINES

Check for
updates

EANM procedure guideline for the treatment of liver cancer and liver
metastases with intra-arterial radioactive compounds

M. Weber' - M. Lam? - C. Chiesa® - M. Konijnenberg* - M. Cremonesi® - P. Flamen® - S. Gnesin’ - L. Bodei® -
T. Kracmerova® - M. Luster'? . E. Garin'' - K. Herrmann'

Received: 9 September 2021/ Accepted: 19 October 2021 / Published online: 11 February 2022
© The Author(s) 2022
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SIMULACION PRRATAMIENTO

PLAI\JIFICACION DEL TRATAMIENTO.
CALCULO DE LA ACTIVIDAD A
ADMINISTRAR

DIA DEL TRATAMIENTO

VERIFICACION PARATAMIENTO
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OBTENER INFORMACION SOBRE LA DISTRIBUCION DE LAS MICROESFERAS EN PARENQUIM;

FTe-MAA®  Glass spheres®

Commercial name
Manufacturer

Diameter (um) + standard deviation
(um)

HE:

iH
fi

i
i

g

Specific gravity
Vial activity (GBq)

Activity per particle (Bqg)
Millions of particle per GBq

Millions of particles in a typical
administration

Stasis phenomenon (backflow, jammed
injection)
Material

Shelf life

Handling vial for dispensing
Vial fractionation in syringe

lodinated contrast medium during
administration

Therasphere®
Boston Scientific
31.2; Range (10- 255

100)

non spherical

a 36 g/l

15(@-37 (8  From 3* 1o 20% with Tamano

05 step

333 (a)-822 () 4354, 1539°, 544"

3 (@-12 (P 023", 065*, 184"
0307 260G o
T e lions Numero
Mever reportad  Newer reported
Human albumin  *% in glass matrix
& h from 12 days FOrma
labelling
Required Mot reguired
Required Mot reguired
Mot required Mot reguired




SPECT/CT

- Célculo dosimétrico
- Shunt gastrico

- CT para corregir atenuacion

(sobreestimacion del 40%)

<

4

S AD ANDALUZA DE
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SHUNT PULMONAR

wSobreestimado con imagen planar

wAtenuacion mayor en higado
gue en pulmon

wDelimitacién no precisa

IMAGEN PLANA wMasa pulmén = 1 kg
- Shunt pulmonar wSi LSF>10 96 SPECT/CT (EANM)

~ SHUNT GASTRICO

wTratamiento contraindicado

wEvaluacion por imagen del
médico nuclear
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TIPOS DE MICROESFERAS 166y ) - Emison con™vy =1.1 dias
Energias: 1,88eV (50%) y 1,7MeV (49%)

Rango maximo: 8,7 mm
Emite fotones gamma

Alternativa aP°"TcMAA para simulacién del tratamiento

TheraSphere Y-90 Glass Microsphere Y-90 Resin Microsphere
Mejor prediccion de shunt en pulmones

Characteristics SIR-Spheres® TheraSphere® QuiremSpheres®
Material Resin Glass Poly-L-lactic acid
Particle size and range (pm) 30 20-a0) 25 (20-30) 30 (15-a0)
~mboliceffect  Modemte _Mld Moderate
Activity per sphere (Bg) 40-70 200400
Specific gravity (g/dL) 1.6 37 1.4
Activity available (GBq) 3* 3-20m" “
Handling for dispensing Required Not required Mot required

Multiple dosing from one vial Possible Not possible Mot possible
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SIMULACION PRRATAMIENTO

PLAI\JIFICACION DEL TRATAMIENTO.
CALCULO DE LA ACTIVIDAD A
ADMINISTRAR

DIA DEL TRATAMIENTO

VERIFICACION PARATAMIENTO
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CALCULO DOSIMETRICO

wNodistingue el tumor del parénquima sano del higado
wCalcula la dosis media para el volumen perfundido

HSEEs S wSe prescribe 120 Gy al 16bulo perfundido

COMPARTIMENT]

wEvalla dosis a tumor y a higado sano perfundido
wSe prescribe a tumor

HeEs i wRecomendaciones de dosis a administrar segan el caso

COMPARTIMENT]

wSe evalla la dosimetria en cadael
wConsidera gradientes de dosismeomogeneidades
wWEANMA debate sobre la utilidad (superioridad)

avdaict3a1diNoD
NOISIOddd

\
\
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FORMALISMO MIR
» ACTIVIDAD
UNIFORME

o0 Microesferas implantadas

MODELO MONOCOMPARTIMENTA

o Distribucion uniforme de las esferas

permanentemente ervasculatura o Calculo en base a dosis media
hepatica
oY Y +"Yx 5 o Considera la fuga de microesferas a

) pulmon (SHP)
o Organo fuente = 6rgano diana

0 !O‘ !\06 rl] y 6 1\06 r!] p “Y"O 6
X 0) —
’ e _ ’ 139 p T[ T[
O( O()) U r<“06 d lQ “Q O( O()) U ,-<“06 )‘ d T'Q “Q

ENERGIA QUE DEPOSITRYEEN 1 kg DE
TEJIDO HEPATICO
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MODELO MULTICOMPARTIMENTA

o Dosis media para cada compartimento: () (l_ ] )

tumor, tejido sano y pulmén A(O0 )N
o Limitacion: no heterogeneidad

o Distribucion de actividad: T/N (SPECT AC) 0 Cop 6 (08 Yo Y'Obov Tt

7
b r b

T/N

(" ) )
DOSIS MAXIMA EN PULMON

o 30GYyA 1tto

o 50 GyA variosttos
g )
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RECOMENDACIONES DE PRESCRIPCION: EANM
ISingle compartment I I Multi-compartment I

Clinical scenario Perfused volume dose LOE Normal hiver dose Tumour dose LOE

HCC

Segmenlectomy = 400 [B83] 3 Not applicable

Lobectomy > 150if whole liver dose <150 [67] 1* = BE** [H3] = 205 [67] i
140-150 [84] 3 < 75 (range: S0/90%%) = 250-300F*F**

[86]

Unilobar = 150if whole liver dose <150 [67] 1* < 120¢* if HR < 30% [67] = 205 [67] 1*
BO-150[61.74] 3 < 75 (range: S0/90%**) [86] = 250-300F*F**

Bilobar BO-150+*** [13, 69, 87] 1.4 < S0/00F** [B6] = 205 [62]

ICC

Segmentectomy = 400 [60] 4 Not applicable

Lobectomy 140-150 4 < 75 (range: S0/90%**) > 260 [88]

Unilobar BO-150 [89] 3 < 75 (range: S0/90%**) = 260 [88]

Bilobar BO-150 [89] 3 < 75 (range: S0/90%%) = 260 [88] 3

mCRC

Segmentectomy = 400 [90] 3 Not applicable

Lobectomy 140150 4 < 75 (range: S0/90%**) = 189 [91]

Unilobar BO-150[92] 3 < 75 (range: S0/90%**) = 189 [91]

Bilobar BO-150[92] 3 < 75 (range: S0/90%%*) = 189 [91] 3
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I Single compartment I I Multi-compartment I

Clinical scenario Perfused volume dose LOE Mormal liver dose Tumour dose LOE

HCOC

Segmenlectomy > 400 [83] 3 Not applicable

Lobectamy Segmentectomy Not applicable :

— Lobectomy > B8** [83] > 205 [67] "
| < 75 (range: 50/90%%%) > 250-300%# %% |

Bilobar [36]

ICC

Segmentectomy Unilobar < 120** if HR <30% [67] > 205 [67]

Lobectomy | < 75 (range: 50/90%**) [86] > 250-300%*#* |

Unilobar 3

Bilobar Bilobar < 50/90%** [86] > 205 [62] 3

mCRC

Segmentectomy = 400 [90] 3 Not applicable

Lobectomy 140-150 4 < 75 (range: S0/90%**) > 189 [91]

Unilobar B80-150[92] 3 < 75 (range: S0/0=**) = 189 [91]

Bilobar 80-150[92] 3 < 75 (range: S0/90%%*) > 189 [91] 3
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SOFTWARES
%
' mlem @ PL;&N/E‘T' Dose

@ HERMES MIRADA
SOLUTIONS Simplicitooy™
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<

Perfused volume 2

W, ...4,7_-.‘...-‘—\ < p : - " o ch = P :

: Jolume 1147.9 (1148.5) ch d ‘ Whole liver
Naormal tissue > o7 BT S volume 1747.8 cm?®
Yolume 97 9) e A : \ >

Tumor
Volume 168.5 (168.4) cm

"'lrh |:||E' Ii'n.rr-_-r
Turmor Turmor

Lob izqg Mone

Perfused volume 2 Perfused volume

B Normal tissue Mormal tissue
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TC DIAGNOSTICO

+
SPECT/CT
i : Dosimetry
DESPLAZAMIENTO DEL § WL
ORGANO ————
1 £} Automatic Registration
Reset Registration
EANM: AJUSTAR EL VOLUM Automatic Rigid
PERFUNDIDO EN TC Multi-Modal Deformable
DIAGNOSTICO S Deformsble

'@ Manual Registration

III Fused ﬂ Landmarks

Manual Rigid
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DETERMINACION SHUNT PULMON/

S\ Select ROIs X
Lung: ® Lungs
Liver: @ Liver 1
Background correction
IMAGEN PLANAR E:af: kground: ® Background
5% CAPTACION 2 Geometric mean._ Moy Planar Orientation

(D¢

5 0 \
“Y'Ou 5 ; WP T TT
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Selected Dosimetry Volume

Cuerpo Entero [Transformed Object] Remove
15/09/2022 10:14

Dosimetry type
(O Standard Dosimetry

Whele liver valume 1477 o

Lung Shunt Fraction 26 %

® Multi-Compartment Dosimetry Residual Fraction 10 %

Perfused volume 2

Yolume, em’ 1148.2
Perfused Fraction, % 65.8
Calculate

20 Gy
50 Gy : ' :
80 Gy Sy - e - _ ‘
120 Gy 7 P , Lob izq
Perfusédvdiime 2 - . -; ¥ Vplume 597.6 (596.7) e

R‘-.folume1147.9 {(1148.5) cm® Whale liver

| : ' X . l il »
Normé Teed6 -9 . y iy 7 ] Volume 1747.8 cm Activity, GBg
Yolume 8793 (979.9) cm®

350 Gy

Tumaor Perfused tissue
volume 168.5 (168.4) cm® absorbed dose, Gy

Perfused tumor
absorbed dose, Gy
Perfused viable tumor
absorbed dose, Gy

Perfused normal tissue

absorbed dose, Gy 491

VOI quality check: no overlaps detected

Volume consistency check: OK
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ACTIVIDAD DE CALIBRACION PEDIDA A THERASPHERE

— e Totals
Actividad a Administrar= 2,92 GBqg ——————————————————
Fecha administracion: 29/09/2022 12:00 Num. Perfused Volumes
Fecha de calibracion: 25/09/2022 12:00 ET . o
uTC-5 invierno Lot e
utc-4 verano Perfused fraction
18:00 Espafia Perfused tissue absorbed dose
uTCHL invierno Perfused tumor absorbed dose
UTC+2 verano
Tiempo transcurrido 89 HORAS Perfused viable tumor absorbed dose
T1/2= 64,1 HORAS
Perfused normal tissue absorbed dose
Whole liver normal tissue absorbed dose
'Actividad de calibracién: 7,64 GBq
Lung absorbed dose
Actividad pedida Calibracion: 7,50 GBq
&ctividad Administrada 2,86 GBq
A U (b ”
i MINIMO:3 GBq 0 P
PTITT

RESTRICCIONES

INTERVALOS DE SIMPLICITY NO REQUIERE DE
0,5GBq CUANTIFICACION DE LA IMAGEN
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SIMULACION PRRATAMIENTO

PLAI\JIFICACION DEL TRATAMIENTO.
CALCULO DE LA ACTIVIDAD A
ADMINISTRAR

DIA DEL TRATAMIENTO

VERIFICACION PARATAMIENTO
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[ | | |

o Meédico nuclear; detector lectura directa

Medir la tasa de dosis deckgrounden la

sala de preparacion de la actividad o Determinar posible contaminacion:

o Personal u objetos en sala

Volver a la sala de preparacion y medir 0 Medir fondo del quirofano

residuo (promedio)
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SIMULACION PRRATAMIENTO

PLAI\JIFICACION DEL TRATAMIENTO.
CALCULO DE LA ACTIVIDAD A
ADMINISTRAR

DIA DEL TRATAMIENTO

VERIFICACION PARATAMIENTO
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PERMITE DETERMINAR CUALQUIER DIFERENCIA ENTRE LA SIMULACION Y EL TRATAMIENTO IMPAF

_ a

3 DIAS: EVITAR CONTACTO
, CERCANO

MAYOR PRECISION

CUANTITATIVA

EANM: ACTIVIDAD EN ORINA A LAS
12 hA 0,005%

90Y A i +(0,0032%)
RUIDO ALTO EN IMAGEN MEDIDA TASA DE DOSIS A1 m

. , , RESTRICCIONES MAS
| 5 v : L { L/ L | b gt whbe¢h e PERSONALIZADAS SI TASA > 29

>Svih
AL DIA SIGUIENTE

CIRUGIA TRAS RE: 40 DIAS



Dosimetry

REGISTRO DE IMAGE

_‘_‘——_——_‘——_
T Lohim
Perfused volume 2 Max 29869235 Boiml
Max 197770483 Boiml___ Whole liver
R B . 1 L
Mormaltissue ’ \I‘__ e Max 16777048.3 Bg/ml
Max 11213558.7 Bim \ — [Furer

Max 15777048.3 Bofml

5 AD ANDALUZA DE
RA fSICA HOSPITALARIA

www.sarh.es

Residual Fraction

Volume, cm;
Perfused Fraction, %

Calculate

Activity, GBqg

Perfused tissue
absorbed dose, Gy

CALCULO DOSIMETRIA REAL DEL TRATA

Perfused tumor
3hssiord dc: =

ed v.aklervainor
absorbed dose, Gy

Perfused normal tissue

8.9
absorbed dose, Gy 48

VOI guality check: no overlaps detected

Volume consistency check: OK

Totals
Num. Perfused Volumes
Required activity
Perfused fraction
Perfused tissue absorbed dose
Perfused tumor absorbed dose
Perfused viable tumor absorbed dose
Perfused normal tissue absorbed dose

Wheole liver normal tissue absorbed dose

Lung absorbed dose
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TRATAMIENTO ANUALES HUVR

2016 2017 2018 2019 2020 2021 2022 2023 2024
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1200

:

800

o
8

400

DOSIS DE PRESCRIPCION (Gy)

200

0

2020 2021

Antequera
7 de junio 2024

EVOLUCION DE LA PRESCRIPCION EN HUVR

2022

2023

2024
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200

150

DIFERENCIA (%)
(Y
S 8

o

-50

-100

DIFERENCIA DE DOSIS ENTRE PRE Y POST EN TUMOR
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PACIENTE
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TRATAMIENTOS CON RESULTADOS NO ESPERADOS

SIMULACION CON

PMTCMAA

Mormal tissue - _

ARerfused waldme ==—— - - -

TRATAMIENTO
CONPOY

MNaormal tissue
Max 67321768 Bgml
R

Turmar

Wax T847401.6 Boiml

= Whole livePl

Whole liver

LI
My 35TE26.7 Baiml

Wehale liver

———| Perfused valume
hax 7847401 .6 Baml

L
Wax T847401.6 Boiml

Totals
Num. Perfused Volumes
Required activity
Perfused fraction
Perfused tissue absorbed dose
Perfused tumor absorbed dose
Perfused viable tumor absorbed dose
Perfused normal tissue absorbed dose
Whole liver normal tissue absorbed dose

Lung absorbed dose

Totals

Num. Perfused Volumes

Required activity

Perfused fraction

Perfused tissue absorbed dose

Perfused tumor absorbed dose

Perfused viable tumor absorbed dose
Perfused normal tissue absorbed dose
Whole liver normal tissue absorbed dose

Lung absorbed dose

www.sarh.es



“AVANCES EN DOSIMETRIA, CALIDAD Y SEGURIDAI An tequera
EN TERAPIA CON RADIONUCLEIDOS” 7 de junio 2024

FUENTES DE INCERTIDUMBRE &)aea

wDiferente posicionamiento del catéter FOR RADlO
\RHARMA
wVelocidad de inyeccién CEUTICAL
/ mne;lml ' Km n;sl‘ mm:-— / ; \\’

wTiempo prolongado entre simulacioritg

INCERTIDUMBRES EN DOSIMETRIA
/

wCuentas en cada V@I actividad total en 6rgand, DELIMITACION

wMasa del 6rgano exacta a partir del volumen delimitado en CT +
densidad

wActividad higado = actividad administragiactividad en pulmén y
residual \_

wEnergia depositada localmente. Valores exactos de enefija y

IMPORTANCIA DE CONOCER LA
FIABILIDAD DE LOS VALORES DI
DOSIS ABSORBIDAS CALCULADC
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DETERMINACION DE LAS INCERTIDUMBRES. MEJORAS FUTURAS

4 N
Analisis de
sensibilidad: evaluar
impacto de
diferentes
contorneos o de los

movimientos
N /

- D

Determinacion de la
incertidumbre si se
calcula la masa con
densidad constante

o /
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o En TC de diagndstico no vemos la lesion
0 % de umbral elegidg, segun el caso
o Gran incertidumbre en la delimitacion del VOI

- ® Threshold Settings

~ Method Percentage of Region Max
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&® Threshold Settings

Method Percentage of Region Max

Num. Perfused Volumes
Required activity
Perfused fraction

Perfused tissue absorbed dose 2482 Gy

Perfused tumor absorbed dose 741.8 Gy
Perfused viable tumor absorbed dose
Perfused normal tissue absorbed dose
Whole liver normal tissue absorbed dose

Lung absorbed dose
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Num. Perfused Volumes
Required activity

Perfused fraction

Perfused tissue absorbed dose

- Perfused tumor absorbed dose
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Perfused viable tumor absorbed dose

Perfused normal tissue absorbed dose

)
/ Yolume 1041.1 cm®

Whole liver normal tissue absorbed dose

Lung absorbed dose

Num. Perfused Volumes

Required activity

Perfused fraction

Perfused tissue absorbed dose
Perfused tumor absorbed dose
Perfused viable tumor absorbed dose
Perfused normal tissue absorbed dose

Whaole liver normal tissue absorbed dose

Lung absorbed dose
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Num. Perfused Volumes Num. Perfused Volumes

Required activity Required activity
Perfused fraction Perfused fraction
Perfused tissue absorbed dose Perfused tissue absorbed dose
Perfused tumor absorbed dose Perfused tumor absorbed dose
Perfused viable tumor absorbed dose POSt 74 Gy Perfused viable tumor absorbed dose
Perfused normal tissue absorbed dose Perfused normal tissue absorbed dose

Whole liver normal tissue absorbed dose Wheole liver normal tissue absorbed dose

Lung absorbed dose Lung absorbed dose
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CONCLUSIONES

0 Avances en dosimetria
0 Paso del modelmonocompartimentakl multicompartimental
0 Dosimetria desoxelA tratamiento mas personalizado

o Calculo de incertidumbres
0o Fundamental para obtener una dosimetria de calidad
o Fiabilidad de la actividad administrada en el tratamiento

0 Mejoras para reducir incertidumbres
o Administrar contraste al hacer la imagen de MNREGISTRO
0 Determinar shunt pulmonar con SPECT/CT






