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Protonterapia e I+D
I. Generalidades y nuestra instalación
II. La oportunidad en España: 10 centros
III. Investigación y desarrollo

Prontoterapia, Prototerapia, Potroterapia ?



William Prout, MD
(UK, 1785-1850)

The discovery of protons

Prout´s hypothesis:
In 1815, W.Prout observed that the atomic
weight of elements appeared to be whole
multiples of the atomic weight
of Hydrogen, 

the truly fundamental object, which he called
”Protyle”
from Greek:
proto : the first tyle: substance

Annals of Philosophy 6, 321-30 (1815), [published anonymously] 
On the Relation between the Specific Gravities of Bodies in their Gaseous State and the Weights of their Atoms.

[from David M. Knight, ed., Classical Scientific Papers--Chemistry, Second

1815



- W.H. Bragg M.A. & R. Kleeman (1904) LXXIV. On the ionization curves of radium , Philosophical Magazine Series 6, 8:48, 726-738

- Professor W.H. Bragg M.A. (1904): LXXIII. On the absorption of α rays, and on the classification of the α rays from radium , 
Philosophical Magazine Series 6, 8:48, 719-725

The Bragg Peak : ionisation of alpha particles

1815  1904

Sir William Henry Bragg
(1862-1942)
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Physical principles

“The BRAGG peak"

Carbon: M. Kraemer, M. Scholz



Radiology. 1946;47:487–91

1904  1946

“The Bragg peak”



John.H.
Lawrence 

BERKELEY, Ca

Ernest
Lawrence

The 1st cyclotron
(1931)

Apparatus for proton
irradiation of hypophysis

(and heavier ions)
1954 – 1986 - …..

Since the 30´s

Accelerators
Beam Delivery
Radiation Biology
Instrumentation
Planning system
Positioning systems
….

1931  1946  1954



FOTONES PROTONES

Ejemplo de cálculo de un haz dirigido a un tumor de la base del cráneo



Head and Neck tumor Craneospinal Irradiation
(avoiding posterior fossa already treated)

First referrals to Centro de Protonterapia Quironsalud in Madrid: 
Complex cases

Protons

Photons

Differences



Beam Delivery : 
3D Pencil Beam Scanning

12/20/2021

Magnets

Target

Narrow pencil 
beam

Kamada, PTCOG



LR

E.Rietzel
(MGH Siemens)

Furukawa
(NIRS)
Repainting

Movements 
and PBS
(interplay)

Trofimov, 
Bortfeld, 
Lomax…Gating,

Residual ITV,
Tracking,
Repainting.
… 



Stand-alone, opened to all public and private networks. • 07/2016: Quirónsalud approves the project. 

• 02/2017: QS buys the equipment from IBA. 

• 11/2018: Building ready & cyclotron rigging. 

• 10/2019: Acceptance of the equipment by QS. 

• 12/2019: First patient.

• 01/2020: First general anaesthesia

• 01/2021: 1st year, 100 patients, 55% pediatrics

Quironsalud Protontherapy Center

< 3 years
1 year
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MADRID

CONSTRUCCION



Architecture: stand-alone, modular



Equipment:
Compact Single Protontherapy Room 
(Proteus One - Ion Beam Applications IBA)

2.5 m

50 Ton

7.5 m 220°

Cryogenic compact synchrocyclotron

Open gantry (non-coplanar beams, anaesthesia,…)
Pencil beam scanning, Cone Beam CT
Robotic couch , rolling floor.

accelerator

gantry

treatment

control

30 m

13 m



Protontherapy process and tools: integration

Treatment Planning SystemCT from GE Oncological Information System

4D management

CASIOPEA HIS



16

0

5

10

15

20

25

30

35

0 10 20 30 40 50 60 70 Month

Evolution Full Time Equivalents  & ratio (pat/an)/staff

ETP/mois

ratio (pat per year)/staff

nuevos pac/mes

Evolution of Staff  & patient rampup CPT Madrid

Goal :
15 pat/staff 
per year

(Usually… talking about “clinical staff”)

Instead of “mean” or “usual” 
10 pat/staff per year

STAFFING PREVISION

4 Initial core
15-30 y 

experience

12  
training abroad

5  Local training 
(2nd shift)

> 300 pats/y

1st pat

Full Time Equivalents

New patients /month



Recomendations for Protontherapy in Spain

SEOR (Spanish Society of Oncology Radiotherapy)

Group 1 Group 2 Group 3

Recommended
With study of quality of life and 

cost-benefit

Selected subgroups with study of 

quality of life and cost-benefit

Eyes CNS Breast

Base of skull Head & Neck Prostate

Neuroaxis Lung

Spinal cord and vertebral 

column

Pediatrics

Genetic syndroms with high risk

of toxicity

Re-irradiation

March 2019

ASTRO
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31%

69%

0%
Casos primera valoración 2020

Aceptados

No candidatos

Casos primera valoración 2021Circuito 
pacientes

41%
59%

0%

Aceptados

No candidatos

Internacional

Procedencia casos no aceptados

Paciente/familia

Profesional 11%

67%

22%
32%

22%10%

23%

10%

1% 2%
enf en progresion

indicacion no
recogida SEOR

no respuesta paciente

no indic RT/otra
tecnica

supera tolerancia

tecn no disp

otros

No candidatos: motivos
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Evolution 12 to 22 months of clinical operation

44%

32%

24%

Patients 1st year

Adults

Pediatric
(Anestesia)

Pediatric (no 
anaesthesia)

AdultsPediatrics 
(no anesthesia)

Pediatrics 
(with anesthesia)

56% Pediatrics 

50%

33%

17%

Patients 1,5 year

Pediatrics 
(no anesthesia)

Pediatrics 
(with anesthesia)

Adults

 53%



Head and Neck tumor Craneospinal Irradiation
(avoiding posterior fossa already treated)

First referrals: complex cases:

Protons

Photons

Differences

Carcinoma Adenoide-quístico Seno Maxilar 
con infiltración en base de cráneo



Centro de Protonterapia Quirónsalud
Pacientes Pediátricos y Adultos – Distribución patologías
Primeros 124 pacientes con más de 3 meses de seguimiento
C.Ares SEOR 2021

53%

20%

14%

6%
5% 1% 1%

Pediatric tumors

CNS

Soft tissue sarcoma

Bone sarcoma

re-RT CNS

Neuroblastoma

Retinoblastoma

Lymphoma

36%

12%
10%

9%

7%

24%

2%

Adult tumors

Bone sarcoma

CNS

Paranasal sinus

Soft Tissue Sarcoma

Nasopharynx

re-RT

Prostate

C.Ares SEOR 2021



Irradiación peritoneal total

Niño de 2 años – rabdomiosarcoma abdominal con rotura tumoral y hemoperitoneo

C.Ares SEOR 2021



Centro de Protonterapia Quirónsalud
Outcome – Pacientes Pediátricos (n=66)

 Seguimiento Medio 8,5 meses (rango, 3 – 17,8 meses)

• Vivos sin evidencia de enfermedad 56 (84,8%)

• Vivos con Recidiva local (in-field) 2 (  3%)
o Supratentorial ETMR (Embryonal tumor with multilayered rosettes )
o Supratentorial ATRT (Atypical Teratoid Rhabdoid Tumor)

• Vivos con Progresión metastática 4 (  6%)
o Progresión leptomeníngea

 Re-RT ependymoma (2)
 Metastatic Germ Cell Non-Germinoma (1)
 CNS relapse Neuroblastoma (1)

• Exitus 4 (  6%)
o Skull Base ATRT – recidiva local
o Ewing Sarcoma – enfermedad M1 con Control local
o Rhabdomiosarcoma parameníngeo - enfermedad M1 (diseminación leptomenigea) con Control local
o Medulloblastoma M3 – progresión enfermedad leptomeníngea

C.Ares SEOR 2021



Centro de Protonterapia Quirónsalud
Outcome – Pacientes Adultos (n=58)

 Seguimiento Medio   7,9 meses (rango, 3 – 19,3 meses)

• Vivos sin evidencia de enfermedad 51 (87,9%)

• Recidiva local (in-field) 5 (  8,6%)
o CNS – DMLG
o Carcinoma escamoso senos paranasales
o Re-RT cordoma
o Re-RT glioblastoma
o Osteosarcoma Base de Cráneo

• Progresión metastática con control local 2 (  3,4%)

• Exitus 3 (  5,2%)
o M1 Sarcoma Ewing
o M1 Cordoma indiferenciado
o Progresión local Osteosarcoma Base de Cráneo

C.Ares SEOR 2021



Toxicidades Acute Toxicities Late Early Toxicities

Dermatitis
G3 4 0
G2 17 0
G1 14 3

Alopecia
G2 7 0
G1 1 1

Xerostomia
G1 2 4

Mucositis
G3 5 0
G2 11 0
G1 6 0

Conjunctivitis
G2 1 0
G1 3 0

Citopenia
G2 1 0
G1 2 0

Fatigue
G1 5 1

Nauseas /Vomits
G3 1 0
G1 3 0

Rectitis
G1 1 0

Worsening paresis VI 
cranial nerve

G1 1
Trigeminal neuralgia

G3 0 1
Trismus

G2 0 1

Pacientes adultos Acute Toxicities
Late Early 
Toxicities

Dermatitis
G3 3 0
G2 4 0
G1 38 0

Alopecia
G2 34 0
G1 5 3

Maudarosis
G2 3 2

Mucositis
G3 2 0
G2 3 0
G1 5 0

Conjunctivitis
G2 1 0

Laryngitis
G1 1 0

Citopenia
G3 4 0

Leukoencephalopathy 
Brainstem

G3 0 3
G1 0 1

Pacientes pediátricos

C.Ares SEOR 2021



Santiago de 
Compostela

Barcelona 
(2)

Madrid -
Fuenlabrada

Madrid – H 
La Paz

Sevilla

Valencia

Las Palmas

Málaga

Bilbao

QS

CUN

Valdecillas

Una oportunidad para España !
10 centros públicos de protonterapia



I
Scope

Political Decis
1stBudget

Phases of a project 

II
Contract

Call for Bids
Businness Pl

III
Construction
(Re)design
Installation

IV
Commissioning

Regulatory
Start 

V
Operation
Learning 

Upgrades…
End of life

(Utopical linear approach)

I. Scope
Public or private? Who is the driver? 

Protons only or other ions?
Clinical only or with research?
Non profit, self maintained, high or mid benefits? 
Open patient mix or limited recognized indications?
Hospital based or independent site?
Single room or multiple rooms?
Open or closed gantry?

PROJECT MANAGEMENT
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WORLD : patients per room per year in 2019
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Q1 Q2 Q3 Q4 Q5 Q6 Q7

THE IMPORTANCE OF A REALISTIC BUSINESS PLAN
(THIS IS NOT  A GOOD ONE)

Total costs

EBIDTA : Earnings Before Interest, Depreciation, Taxes and Amortization

BUSINESS PLAN



Examples of upgrades:
need to know the (short term) roadmap

• New version of the deflector

• Rolling floor

• CBCT

• Gamma prompt

• Variable spot….

Updates and upgrades … : if you want to kep your facility 5, 10, 15... years

S.Meyroneinc. Curie Training Course, 2018 & A. Mazal 2020

• Moving organs
• Arctherapy
• Ophtalmic line
• Radiosurgery
• Flash….

BJR 2020

UPGRADES



The reliability bath curve

Failure 
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Time
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constant rate of 

failure
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S.Meyroneinc. Inst. Curie Training Course, 2018

And this shape happens 
also  in every  planned stop!

1 hour
1 day

1 week

manageable

Impact on the
medical planning

criticity

time

about 
a disaster

transparent

1 min

Criticity of breakdowns 

BREAKDOWNS 



Erreur de fractionnement
1 fx de 13 Gy au lieu de 4x 4,3 Gy

Erreur de volume
1 fx  regard pas correct

Erreur de lateralité
10 fx 2,2 Gy paupière droite



Leading Varian-Equipped Proton Therapy Center 
Treats 100th Patient
Oncology 11 de March de 2010
MUNICH, March 11 /PRNewswire-FirstCall/ --
Clinicians at the Rinecker Proton Therapy Center 
(RPTC) in Munich have treated their 100th patient 
using advanced proton therapy systems supplied by 
Varian Medical Systems (NYSE: VAR). 

http://sdradiotherapy.com/uploads/Patient_Safety_and__Radi
ation_Accidents_revised_Mar_2013.pdf

The operating company and the property company 
had to file for bankruptcy in 2017 due to insufficient 
capacity utilization. However, operations were 
initially continued by the insolvency administrators 
with the support of the technology and service 
partner for the proton facility, Varian Germany, and 
only stopped at the end of 2019.

2009

170 M€
“4000 pats/y”

Bankruptcy 2017-2019



COMPANIES



Technical : accelerators, beam transport and shaping, robotics, imaging, integration

1 Accelerator for all ions including radioactive beams

2 High energies (eg. radiography), very high intensities (eg. pulses 100Gy/sec)

3 Reduction in size, in cost (cryogenics), increase reliability, maintenability (modularity, …)

4 Gantries reduced in size and cost (cryogenics, multiple magnets, ironless,…)

5 Pencil beam technology : multiple spot sizes, fast continuous scanning, fast Energy switching, optimized IMPT

6 Development of proton micro-beams: quantitative PIXE analysis, micromachining 

7 Ministrips beams, mini & micro beams for therapy

8 Integrated IGRT (IGPT) : double Energy CT, MRI, PET, vision, ultrasound, OCT

9 Compensating filters and field delimiters, multileaf collimators

10 Beams for special applications: functional radiosurgery, ophtalmology, pediatrics (eg medulloblastoma)

11 Shielding, radiation protection

12 Robotics systems for patient positioning

13 Scanned beam technology, irradiation techniques with IMPT  

14 Proton tomography

15 Data for dosimetry from PET & SPECT (stopping power, tissue composition, …)

Nuclear Physics, Instrumentation, Nuclear Data, Material sciences

16 Beam monitoring (positioning, dose, …) and diagnosis ( breakdowns, misfunctioning, …)

17 Detectors dosimetry: Calorim, Faraday, chambers, counters, Hodoscopes, Compton, solid state,diamants, CCD, scintill, Gafchr, alanine, TLDs

18 Analysis of detectors saturation, quenching, recombination, dosimetry in presence of strong magnetic fields

19 Detectors for low dose imaging, organ movements, pencil beam scanning

20 Detectors for "biometry" (LET, RBE,…)

21 Online range monitoring (PET, gamma prompt, charged secondaries, proton radiography, acoustic, …): towards "actual delivered dose"

22 Radiation protection and patient radiation "vigilance" :  measurements and models on neutron production & attenuation

23 Radiation damage studies by high energy particles, hydrogen damage data for nuclear reactors and nuclear power plants. 

24 MRI, PET and SPECT techniques based on proton-induced reactions for retrospective assessment of treatment. 

25 Space science (spectra, radiation protection, detectors, …)

26 Hardening and response of electronics components, anesthesia equipment, implanted devices,…

Medical physics :  treatment planning, dosimetry,  QA,…

27 Image registration, elastic deformations, voxelized models, automatic contouring (A

28 Models, measurements and application of nuclear data for dose calculations. 

29 Fast (full) Monte Carlo calculations and deterministic transport techniques. 

30 Immobilisation systems, fiducial markers, metallic implants, balloons, tissue spacer

31 Microdosimetry and Nanodosimetry, Tissue-Equivalent Proportional Counters (TEPC

32 Interphase dosimetry

33 Proton range calculations with inhomogeneities 

34 Passive and scanned beam lateral penumbra and far low doses models

35 Hardware and algorithms for very fast calculations

36 QA of TPS, Intercomparisons between different treatment planning systems, interco

37 Small section beams, production and studies about charged particle equilibrium, do

38 IMPT, Dose-based and biological-based optimization, LET painting

39 Time-dependent treatments, target movement, simulation of gating and tracking m

40 Automated planning with fast, knowledge based, robust (biological) optimization. 

41 Integrated Adaptive therapy, Data mining tools, knowledged based decision making

42 Risk based QA & tools; "No" QA (integrated and time efficient QA), 

43 "No effort" commissioning, class solutions

44 Ancillary tools : collision models, apertures and pencil beam, combined treatments 

Biology and pre-clinical : Beams, devices, data and models for Radiobiology, Biophy

45 Development of particle micro-beams on single cells and tissu (intravital microscop

46 Cell studies: DNA damage, non-targeted effects, cell survival, repair, stem cells in rc

47 RBE studies= f(ion, energy, model, …), Alpha-Beta parameters

48 Oxygen effect, hypoxia, oxidative stress, redox, reactive oxygen species. Necrosis st

49 Dose, dose-rate, (hypo) fractionnation effects

50 pMBRT mini beams

51 Radiosensitizers and radioprotectors. 

52 Activation C11,O15, Be7, biological effect assessment

53 Nanoparticles and radiation : physics, dosimetry, biochemical effects

54 Mechanistic models of radiation action in living tissues and cells. Tumor and norma

55 Positioning devices for small animal experiments. 

56 In-vivo animal models, tumor control, effect on healthy tissues, vascular reactions, 
57 New targets for Particle beam therapy 
58 Mixed particle irradiation and combination with other advanced therapies 
59 PAN-omics and particle therapy, biological targets, Protein biomarkers 
60 Big Data in Radiation Oncology, expert knowledge decision tools

Clinical  Research
All locations

Health Economy
Cost benefit and quality of life

7. Others
…

6. Radiation 
Protection

…

1. Technical : 
accelerators, 

magnets, 
robots, 

imaging,
electronics…

2. Nuclear 
Physics, 

Instrumentation, 
Materials,

…

3. Medical 
physics

Dosimetry, 
models, QA

…

5. Health 
economy,
workflow

…

4. Biology 
and pre-clinics

…

R&D 
Projects
Orsay
(2018) 



Use of Double Energy Spectral CT
General Electric Revolution

Standard

Metal recognition !

Artifacts, Hounsfield, Double E

High accuracy calculations
RaySearch

R&D-Technology

Juan Antonio 
Vera Sanchez



Planning taking into account metals:
Avoidance or accurate calculation

CALCULATIONS 

Juan María 
Perez
Moreno



CTV

Larynx glottic

Laryng supraglotic

Fotones

Protones

Fotones - Protones

Fotones
Protones

Comparative 
Planning

Fernando
Cerrón
Campoo



Protontherapy process and tools:
A comprehensive QA approach for Integration, 
with tracking of the process and end-to-end tests
including the weekly dose adaptation 

01 Contacto Paciente

01a Acuse de Recibo

02 Registro de 
Documentación

02b confirmar Nº Hª

02a Asignación Medico

SíNo

Documentación Adicional

04 Registro Diagnóstico y 
Estadiaje

Pendiente Acción Externa

04 Valoración Inicial

04d Informar Valoración NO 
CANDIDATO

02c Registro Documentación 
Adicional

03 Pendiente Acción Externa

55 Inicia Valoración 
Dosimétrica

55b Valoración Dosimétrica 
en Progreso

06 Valoración TB

04c Citar Tumor Board 04b Envío Presupuesto 
Provisional

Proposición Terapéutica 
Alternativa

Necesidad Acción Externa

Necesidad Valoración 
Dosimétrica

Se acepta Tratamiento

Necesidad Documentación/ 
Imágenes Adicional

Se desestima Tratamiento

No

Sí
Sí, pero pendiente de 

formalizar

07a Presupuesto Pendiente 
de Formalizar

07 Confirmación 
Aceptación Presupuesto

11 Solicitud Simulación 12a Citar Consulta 12c Citar RM 12d Citación Tratamiento12b Citar Simulación 12e Crear Hoja de Citas12f Envío Hoja Citas

21 Hacer Simulación

21d Hacer e importar Foto 
del Paciente

21a Verificar 
Consentimientos Informados

22 Crear Hoja Simulación

23 Exportar Imágenes a TPS

31 Importar TC en TPS

33 Iniciar Contorneo OAR

33a Contorneo OARs en 
progreso

41 Definición Targets

51 Iniciar Dosimetría

54a Backup Crear Plan 
Fotones

54 Backup Exportar TC y 
Estructuras

41b Presentación Volúmenes 
en Sesión

51a Dosimetría en Progreso

51b Estudio Viabilidad 
Geométrica

51c Revisar Dosimetría

61 Evaluar Plan de 
tratamiento

61b Presentar dosimetría en 
Sesión

61a Aprobar Plan 
Tratamiento

81 Confirmación Inicio 
Tratamiento

71 Iniciar Informe 
Dosimétrico

71a Informe Dosimétrico en 
Progreso

74a Backup Importar Plan

74 Backup Exportar Plan

75 Iniciar Revisión Informe
75a Revisión Informe en 

Progreso

76 Aprobar Campos 
Tratamiento

82 Preparación Inicio 
Tratamiento

82e Citar TC control

82d Asociar Fotos Plan 
Tratamiento

82a Verificar Setup83 Mosaiq Aprobar 
Prescripción

82c Rellenar Datos 
inmovilizacion

82b Imprimir Código de 
barras

84 Inicio de tratamiento

85 Finalización Tratamiento

85a Deshacer inmovilización

85b Exportar Datos Adapt
Insight

85c Confirmar Fin Tto
Casiopea

85f Citar 1ª Consulta 
Seguimiento

85e Consulta fin tratamiento

85d Enviar Informe Fin 
Tratamiento

FLUJO DE TRABAJO MOSAIQ V2.0 2021

31a Importar TC Control

52 Iniciar Dose Tracking

52a Dose Tracking en 
progreso

52b Revisar Dose Tracking

62 Evaluar Dose Tracking

SíNo

84b Continuar Tto – TC 
Control OK Nuevo TC Inmovilización

SíNo

53 Iniciar Plan Adaptado

41d Revisión Targets Comité 
medico  

07b Informar NO 
ACEPTACIÓN Presupuesto

06b Informar No CANDIDATO 
Otra Propo Terapeutica

06a Informar Valoración NO 
CANDIDATO tras TB

04f Informar Valoración 
Inicial

06c Registro Documentación/ 
imágenes Adicionales tras TB

06c Pendiente Acción Externa 
tras TB

05 Pendiente Evaluación Plan 
Comparativo

SubFlujo Dose Tracking

¿Pendiente de fase 2 o 3?

Pendiente Fase 2No Pendiente Fase 3

51bb Iniciar Dosimetría Fase 
2

51ab Dosimetría Fase 2 
Progreso

51cb Revisar Dosimetría Fase 
2

61b Evaluar Fase 2 
tratamiento

61ab Aprobar Fase 2 
Tratamiento

71ab Iniciar Informe Fase 2 
Dosimétrico

71ab Informe Fase 2 en 
Progreso

75ab Revisión Informe Fase 2

76b Aprobar Campos Fase 2 
Tratamiento

82ab Preparación Fase 2 
Tratamiento

82ab Verificar Setup Fase 2

84b Inicio Cambio Fase 2

51bb Iniciar Dosimetría Fase 
3

51ab Dosimetría Fase 3 
Progreso

51cb Revisar Dosimetría Fase 
3

61b Evaluar Fase 3 
tratamiento

61ab Aprobar Fase 3 
Tratamiento

71ab Iniciar Informe Fase 3 
Dosimétrico

71ab Informe Fase 3 en 
Progreso

75ab Revisión Informe Fase 3

76b Aprobar Campos Fase 3 
Tratamiento

82ab Preparación Fase 3 
Tratamiento

82ab Verificar Setup Fase 3

84b Inicio Cambio Fase 3

53a Plan Adaptado en
Progreso

53b Revisar Plan Adaptado

63 Evaluar Plan Adaptado

63a Aprobar Plan Adaptado

71ac Iniciar Informe Plan 
Adaptado

71ac Informe Plan Adaptado 
en Progreso

75ac Revisión Informe Plan 
Adaptado

76c Aprobar Campos Plan 
Adaptado

82ac Preparación Plan 
Adaptado

82ac Verificar Setup Plan 
Adaptado

84c Inicio Plan Adaptado

31b Importar TC Adaptado

34 Iniciar Contorneo OAR 
Adaptado

34a Contorneo OAR 
Adaptado en progreso

41a Definición targets 
Adaptados

03a Informar Necesidad 
Acción Externa

Importación Imágenes

QA of Workflow (eg in Mosaiq)

Juan Castro



0,0
50,0

100,0
150,0
200,0
250,0
300,0
350,0

0
10

20
30

40

50

60

70

80

90

100

110

120

130
140

150
160170180188

200
210

220

230

240

250

260

270

290

300

310

320
330

340
350

Range [mm] 
= f (Gantry angle [deg])               

Parameter: Energy [MeV]

Range 106
MeV

Range 145
MeV

Delta range vs 0 deg : + 0.5 %
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I+D: hacia proton arco terapia?



Proton MiniBeam Radiation Therapy (pMBRT)

Experimental beam CPO
since 2014

Theoretical concept : 
Y. Prezado et al., Med. Phys. 2013 

From synchrotron irradiation

Spatial distribution



2014



Sci Transl Med 6: 245ra93, 16 July 2014

➣ FLASH as efficient as CONV on inhibition 
of the growth of tumor xenografts.

➣ FLASH spared normal lung tissue from radio-induced fibrosis.

Visualisation of collagen invasion (Masson trichrome staining)

Total dose in < 0,5 sec

Same T control Less fibrosis

“FLASH –Effect” Ultrahigh dose-rate FLASH irradiation

V. Favaudon

2014



2014  2019

Bouhris et al, 2019



V. Favaudon et al. Sci Transl Med 16 July 2014

R&D: “FLASH”, all the treatment in less than 0.5 sec ! 

Same T control

Conv = Flash

No irr

Less fibrosis in lung

Potential with protons

A.Mazal et al. PTCOG 2018



Combining radiotherapy with immunotherapy: the past, the present and the future
Van Limbergen EJ (P.Lambin) et al. Br J Radiol 2017; 90

Lymphocytes:
Cytotoxic CD8+
Progenitor T-helper CD4+

Effector Th1
Regulatory Treg

Failures:
Foreignness : not enough antigens
Not enough lymphocytes
Hampered tum. cell infiltration by T
T-cells checkpoints

Vaccination 
effect

Homing 

effect

Vulnerability 

effect

Immunotherapy:
…
Checkpoints inhibitors
Ipilumumab CTLA-4
Nivolumab PD-1/PD-L1 



J.A Langendijk
UMC Groningen

https://indico.cern.ch/event/522875/contributions/2324902/attachments/1347512/

Criteria for patient selection



Cost-Effectiveness of proton Beam Therapy for Intraocular Melanoma

(b) Moriarty et al, PLoS One(a) Mazal et al

(a) Plaques vs protons vs enucleation

(b) Markov Model : 
Ovals signify the differing health states. 
Arrows indicate pathways.



Cost-benefit / Qualy
See data collection extracts for
different clinical indications treated
with proton therapy compared with
alternative techniques in: Verma et al, 
Cancer, 2016 

Responsibility: work on cost-benefit and Qualys :
opportunity in a single center to collect all costs and data on clinical follow up

Photons

Protons

Modified from Wiki



52

Research, development, educational and training
6 Nat Research Cooperations

• Complutense
• Autonoma Madrid
• Ciemat
• Rey Juan Carlos
• IFIC Valencia
• Quiron: Fundación Jimenez Diaz

6 Industrial Agreements
• IBA + IBA dosimetry
• GE
• Qfix
• VisionRT
• RaySearch

6  Educational Agreements
• 7 + 2  Physician residents
• 4 + 2 Physicist residents
• 2 PhD physics (G-URJC) + masters
• 1 MD observership (Santander)
• Nebrija University training
• San Juan de Dios: Therapists

3(+3) Internat 
Cooperations
• Ministery of Health Israel
• University of Georgia
• Argentinian Proton Center
• …

24 Scientific Publications
• 20 published
• 2 in Press
• 2 submitted or in progress

1st publication submitted in group + Complutense+ Autónoma: 
Biological and mechanical synergies to deal with proton therapy 
pi�alls :  minibeams, FLASH, arcs and gantryless rooms. A Mazal, JA 
Vera Sanchez, D Sanchez-Parcerisa, Jose Manuel Udias, S España, V 
Sanchez-Tembleque, LM Fraile, P Bragado, A Gutierrez-Uzquiza, N 
Gordillo, G Garcia, J Castro Novais, JM Perez Moreno, L Mayorga 
Ortiz, A Ilundain Idoate, M Cremades Sendino, C Ares, R Miralbell, N 
Schreuder . In : Proton Therapy in Cancer Treatments: Clinical 
Evidence and Controversies. Eds J.Doyen, B.Timmermann, A.Lomax 
Frontiers in Oncology - section Radiation Oncology

Meetings
Conferences + + +
PTCOG in 2023

1) URJC & CPT (Juan Antonio Vera)
“Protonterapia Adaptativa 
Mediante Inteligencia Artificial
2) U.Valencia Prompt Gamma

(5 as  CPT)
 Ensayos clínicos Internacionales: 4

PROTECT (esófago), SACRO,

SIOP-Ependymoma II y PNET-5

 Becas concedidas por ministerio: 2



(“Thanks to take care of me “)



¡¡ VISITEN 
NUESTRO 
CENTRO !!
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