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Immunotherapy

A New approach to treat current intractable cancers.
A Breakthrough of the Year 2013 (Science)

Cancer treatments
- Surgery
)\/

- Radiotherapy

- Chemotherapy e ke

- Immunotherapy
- mAb
- Fab

CANCER CELL | ) ) )

Signals attract
other cells of the
immune system

Antigens\

on cell

www.lymphomas.org.uk



RadiolmmunoTherapy (RIT):

Beta and

- Improved Treatment Efficacy gamma emission
- Improved Tumor Detection
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Positron Emission Tomography (PET)
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The 909 keV gamma-rays from 8%Zr are
not in coincidence with the positron
emissions, so it may be used as a pure
positron emitter.
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Residualizing (3°Zr) vs Non-Residualizing (144l)
Radionuclides

Antigen (Ag)

Free mAb
in Plasma

h &  Boundmab
on Surface

The Problem
89Zr obtains higher signal in
the tumor, but it also get
trapped in non-tumor cells
(liver, kidney, bones..) A
Detectability?




Dynamic Imaging with PET:
Pharmacokinetics and Time-Activity Curves
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The binding potential (BP) is the
most relevant parameter.
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Non-linear kinetic model considered.

For Zr-89 we assumed the efflux rate kout~0. For both Zr-89-
mAD and I-124-mAb, the concentration of internalized mAb is
much larger than the one at the surface. (Left) Example of the
Time-Activity Curve (TAC) in the tumors obtained with this
simplified model, which is very similar to the experimental ones



MPET: Imaging 2 PET Tracers Simultaneously

PROBLEM: All annihilation gamma-rays have
the same energy: 511 keV

PROPOSED SOLUTION: mPET

1) Use of (B*) & (B*y) Emitters
2) Detect Triple Coincidences
3) Reconstruction & Separation

TRACER A : labeledb* emitter
Standard (e.g., 18F, 89Zr)

TRACER B : labeledb*o emitter
Non-standard (e.qg., 124l) A. Andreyeet al. PMB 2011

E.Lageet al Med.Phys 2015
J. CalGonzalezt al. PMB 2015




Monte Carlo Simulations with PeneloPET

APeneloPET is a MC simulator based on Penelope.

Alt is a fast and flexible software which incorporates the
most relevant physical effects:

AAttenuation
AScatter
ARandoms
APositron range
ANon-collinearity
Alnteractions in the detector
AEmission of prompt-gammas
ADouble and Triple coincidences .

Alt has been extensively validated (*)

(*) Cal-Gonzalez et al. Phys Med Biol. 60(1) 117-36, 2015
K.M. Abushab et al. IEEE TNS 63(3) 1367-74, 2013



Monte Carlo Simulations of
Radioinmunotherapy

A We used the numerical phantom Digimouse
http://neuroimage.usc.edu/neuro/Digimouse

AThe activity concentration in each tissue of 89Zr or 124
after several days post injection of the mAb or Fab was
assigned based on published data, with ~10 tissues.

AWe assumed similar amount of injected 89Zr-mAb and
1241-mAb, and static 30min acquisitions with 1 single bed
In the SuperArgus PET/CT scanner (Sedecal Medical
Imaging, (SMI), Madrid, Spain).

Almages were reconstructed using a maximum-likelihood
algorithm with our 3D-OSEM (4 iterations, 5 subsets)
code [14] running on a GPU adapted for mPET. The
reconstruction time for each frame was < 1 min.




CASE 1 : Minibodies

1241.A11

We assumed a prostate tumor (red arrow)
close to the kidneys to show how the low-
uptake of 1%4| in the kidneys and liver could
be useful for improved tumor detection.

MPET reconstructed images of the distribution
of 89Zr-A11 minibodies and 124|-A11 minibodies
from a simulation based on tissue distribution
from (*) (44h after injection).

Note that the tumor is hardly seen with 89-Zr
due to the high uptake in the kidneys.

(*) Scott M. Knowles et al. INM 55(3), 2014



CASE 2: Full mAb

®Zr-DN30 '24-DN30 In this case we simulated the distribution

P

of the mAb DN30, which targets the
cMET receptor present in gastric cancer,
- labeled with Zr-89 or |-124.

We used ref (*) for the tissue distribution
48h after injection, and located the tumor
In the stomach region (red arrows).

The tumor is seen in both Zr-89 and 1-124

Images, with higher activity concentration
of the residualizing Zr-89 isotope.

(*) Lars. R. Perk et al. Eur J Nucl Med Mol Imaging 35, 2008




Summary & Conclusions:

A Using MC simulations we can evaluate the
performance of mMPET In single-probe (mAb) dual-
Isotope studies in mice.

A Including all relevant effects in the simulations and
using realistic values of the Injected activity,
acquisition parameters, and uptake in each tissue, we
can perform in-silico experiments of different
combinations of mAb, and optimize parameters such
as the amount of injected doses, and acquisition time.

A The resulting images may provide quantitative
Information that reduces the uncertainties In the
Kinetic analysis.
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B*gEmitters

Main Prompt y [keV]

Half-life B* yield (%) & (B*y / B*vield) Production
82Rb 1.27m 95 777 (13%) Generator
32MMn 21.1m 97 1434 (96%) Generator
60Cu 23.7m 93 1333 (88%) Cyclotron
%94mTc 52.0m 70 871 (96%) Cyclotron
110m|p 1.15h 62 658 (99%) Generator
120) 1.35h 46 560 (72%) Cyclotron
44Sc 3.97 h 94 1157 (100%) Generator
86y 14.7 h 33 1080 (85%) Large t,,,
6By 16.2 h 26 559 (58%) Large t,,,
275 1.08d 88 834 (79%) Generator

124 418 d 23 602 (51%) Large t,,,




PeneloPET

A Introduccién a PeneloPET

PeneloPET es un entorno de simulacion Monte Carlo para PET. La aplicacion utiliza
PENELOPE para la simulacion de la interaccion radiacion - materia y consta de subrutinas
propias que se encargan de simular los procesos especificos de PET.

Simulaciones con PeneloPET
Tiempo entre decaimientos (PeneloPET)
Is6topo y modo de decaimiento (PeneloPET)
Coord., energia y direccion de emis. (PeneloPET)
Rango del positron (PeneloPET)
No-colinealidad (PeneloPET)
Recorrido libre entre interacciones (PENELOPE)
Tipo de interaccion (PENELOPE)
Energia depositada (PENELOPE)
Angulo de desviacion (PENELOPE)
Electronica de deteccion (PeneloPET)
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