lon beam therapy: clinical interest and viability

The workshop will address the clinical challenge of ion-therapy under its three
fundamental aspects: medical, technological innovation and clinical
management. Thus, the technological viability, overall cost and the challenging
difficulty of an efficient management of the patient flow will be examined in the
aim to properly evaluate the appropriateness of such new technique.
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1. En el momento actual de despliegue de centros de protones, ¢tiene sentido pensar en un centro o red
de centros de 1+D que coordinen y lideren los estudios de radiobiologia (y planificacion de dosis
biologica) de protones e iones en Espafia? ¢ Algunas Indicaciones?

A¢Un programa/red/grupo nacional de radiobiologia?
A ¢ con extension al estudio de tipos singulares de deposicion de la radiacion (flash, otras)?
A la importancia de este tipo de institutos en posibles intercomparaciones a nivel internacional.

2. ¢ Qué puede aportar un centro especifico para estudios radiobiolégicos y de innovacion?

3. Con 10 centros de protones, ¢ vale la pena pensar en un centro de iones para uso clinico? Interés y
viabilidad desde un punto de vista técnico, médico y de gestion sanitaria.

4. ¢ Como se puede animar el estudio de terapias multimodales? (Inmuno-quimio-radioterapia)

5. El papel que puede jugar el desarrollo tecnologico. ¢ Como se puede incentivar al sector industrial
espaiol para poder tener una contribucion/beneficio en estos temas? ¢ CoOmo podemos organizarnos?
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1. En el momento actual de despliegue de centros de protones, ¢tiene sentido pensar en un centro o red
de centros de 1+D que coordinen y lideren los estudios de radiobiologia (y planificacion de dosis
biologica) de protones e iones en Espafia? ¢ Algunas Indicaciones?

A¢Un programa/red/grupo nacional de radiobiologia? CN1 O, CNI C, otrosé CNRBA
A ¢ con extension al estudio de tipos singulares de deposicion de la radiacion (flash, GRID)? Sl
A la importancia de este tipo de institutos en posibles intercomparaciones a nivel internacional. CLAVE
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Legend Figure 1

A) The classical tumour control probability (TCP) and normal tissue complication probability (NTCP) curves.-The aim is to shift
the tumour control curve left and the normal tissue curve right.

B) Future individual dose response curve, combing GARD and susceptibility to radiotoxicity to predict the benefit of radiation
for an individual patient. Patient 1- tumour and normal tissue are sensitive to radiation but therapeutic window is narrow.

Patient 2- Tumour is relatively sensitive and high normal tissue tolerance resulting in a very wide therapeutic window.
Patient 3- Tumour is radioresistant with virtually no therapeutic window.
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Current practice in proton therapy delivery in adult cancer patients
across Europe

Radiotherapy and Oncology 167 (2022) 7-13
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1. En el momento actual de despliegue de centros de protones, ¢tiene sentido pensar en un centro o red
de centros de I1+D que coordinen y lideren los estudios de radiobiologia (y planificacion de dosis
biologica) de protones e iones en Espafna? ¢ Algunas Indicaciones?

A¢Un programa/red/grupo nacional de radiobiologia?
A ¢con extension al estudio de tipos singulares de deposicion de la radiacion (flash, otras)?
A la importancia de este tipo de institutos en posibles intercomparaciones a nivel internacional.

2. ¢ Qué puede aportar un centro especifico para estudios radiobiolégicos y de innovacion?

3. Con 10 centros de protones, ¢ vale la pena pensar en un centro de iones para uso clinico? Interés y
viabilidad desde un punto de vista técnico, médico y de gestion sanitaria.

4. ¢ Como se puede animar el estudio de terapias multimodales? (Inmuno-quimio-radioterapia)

5. El papel que puede jugar el desarrollo tecnologico. ¢ CoOmo se puede incentivar al sector industrial
espanol para poder tener una contribucion/beneficio en estos temas? ¢ CoOmo podemos organizarnos?
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20 years of incomplete physics in radiobiology
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Breakdown of articles by biological subject (left) and radiation source (right). Of importance is that the majority of

radiation biology studies are conducted either in vitro or in murine models with more traditional sources of radiation, such as
Co-60, Cs-137, or kV x-rays. Articles reporting more than 1 subject or radiation source are counted multiple times, such that

percentages do not add up to 100%.
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Conclusions

We performed the first large-scale (=1000 publications)
analysis of the current state and prevalence of physics and
dosimetry reporting in radiation biology preclinical and
translational research. Although most peer-reviewed arti-
cles report basic details on the amount, rate, and type of
radiation dose delivered. the majority fail to report other
details required for a radiation study to be reproducible,
interpretable, and comparable. In general, higher-impact
Journals and papers with greater numbers of citations were
correlated with the reporting of fewer experimental details.

These findings expose a deep lack of reporting of basic
radiation physics concepts in a large proportion of the ra-
diation biology literature. In the context where much of
nationally funded preclinical research fails to translate to
clinical applications, and with the increasing role of allied
fields such as immunology in radiobiology studies, journal
editors and reviewers have the responsibility to ensure that
peer-reviewed articles report required experimental details
related to physics and dosimetry to ensure the reproduc-
ibility, interpretability, and comparability of radiation
research.



Evaluation of novel radiotherapy technologies:
what evidence is needed to assess their clinical and
cost effectiveness, and how should we get it?
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Panel 1: Circumstances that compromise the feasibility of
a randomised trial

Rare indications
+  Required sample size not reachable

Marrow inclusion criteria
Absence of external validity

Endpoints that require data for late toxic effects or second
malignant disease
+  Unacceptable length of follow-up period

Large sample size needed

Limited funding
Insufficient resources to undertake a randomised trial

Strong belief in effectiveness of the novel technique
+ Lack of willingness to participate in a randomised trial

Panel 2: Guidelines for prospective observational cohort
studies on novel radiotherapy techni

Comparison of two state-of-the- eatment techniques
Novel technigue must be avdi in (resparch) setting
that adheres to clinicalstandards of state-of-the-art
conventional tre

Comparable techniques
« Define criteria for:
= Planning technjque
+  Quality cont
+  Amount gf'beams
= Total dgée and fraction size

Comparable patient populations
» Include patients from similar geograp
Collect baseline characteristics:
+ Age
+  WHO performance score

ical areas

+  Sex

+  Comorbidity

= Socioeconomic status
+  Quality of life

» Stage

+ Histological features
= Tumour location

Analysis of influence of potential confounding factors
« Collect treatment characteristics:
= EQD, (biclogically equivalent dose in 2 Gy fractions)
= Period of treatment
=+ Other types of treatment
Perform multivariate analysis on potential predictors of
outcome:
= Baseline and treatment characteristics



1. En el momento actual de despliegue de centros de protones, ¢tiene sentido pensar en un centro o red
de centros de 1+D que coordinen y lideren los estudios de radiobiologia (y planificacion de dosis
bioldgica) de protones e iones en Espana? ¢ Algunas Indicaciones?

A¢Un programa/red/grupo nacional de radiobiologia?
A ¢ con extension al estudio de tipos singulares de deposicion de la radiacion (flash, otras)?
A la importancia de este tipo de institutos en posibles intercomparaciones a nivel internacional.

2. ¢, Qué puede aportar un centro especifico para estudios radiobiolégicos y de innovacion?

3. Con 10 centros de protones, ¢ vale la pena pensar en un centro de iones para uso clinico? Interés y
viabilidad desde un punto de vista técnico, medico y de gestion sanitaria.

4. ; CoOmo se puede animar el estudio de terapias multimodales? (Inmuno-quimio-radioterapia)

5. El papel que puede jugar el desarrollo tecnologico. ¢ CoOmo se puede incentivar al sector industrial
espanol para poder tener una contribucion/beneficio en estos temas? ¢ CoOmo podemos organizarnos?
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ASTRO updates insurance coverage recommendations
for proton therapy

ARLINGTON, Va., July 12, 2017

Group 1 indications, or the clinical scenarios that frequently support the use of proton therapy based
an Eedical nECEESiEand published clinical data. were updated with five additions and one
modification. Group 1 indications, with additions marked by asterisks, include:

Malignant and benign primary central nervous system (CMS) tumors®
Advanced (e.g., T4) and/or unresectable head and neck cancers®
= Cancers of the paranasal sinuses and other accessory sinuses”
« MNonmetastatic retroperitoneal sarcomas®
« Reirradiation cases where cumulative critical structure dose would exceed tolerance dose*
« Hepatocellular cancer (no longer required to be treated in a hypofractionated regimen®)
« Ccular tumors, including intraccular melanomas
« Tumors that approach or are located at the base of skull, including but not limited to chordoma
and chondrosarcomas
« Primary or metastatic tumors of the spine where the spinal cord tolerance may be exceeded
11 Clinical ScenariOS with conventional treatment or where the spinal cord has previously been irradiated

. = Primary or benign solid tumors in children treated with curative intent and occasional palliative

5 newadditions2017 treatment of childhood tumors when one of the criteria noted above apply
« Patients with genetic syndromes making total volume of radiation minimization crucial, such as

but not limited to NF-1 patients and retinoblastoma patients




ASTRO updates insurance coverage recommendations
for proton therapy

ARLINGTON, Va., July 12, 2017

P*‘;Y“ The policy recommends coverage for Group 2 indications if the patient is enrolled in either an
‘ “E . [Institutional Research Board (IRB)-approved study or in a multi-institutional registry adhering to
w™ e -2 Medicare requirements foffCoverage with Evidence Development (CED)] These indications also

represent the disease sites for which evidence is accumulating and may support future Group 1
coverage. While the policy specifies that no indications are deemed inappropriate for CED, it also
specifies several systems for Group 2 indications:

+« MNon-T4 and resectable head and neck cancers (previously all head and neck malignancies™)
« MNonmetastatic prostate cancer (previously grouped with genitourinary carcinomas®)
Breast cancer®
« Thoracic malignancies, including nonmetastatic primary lung and esophageal cancers
« Abdominal malignancies, including nonmetastatic primary pancreatic, biliary and adrenal
cancers
« Pelvic malignancies, including nonmetastatic rectal, anal, bladder and cervical cancers

6 clinicalscenario<CED



English Translation of JASTRO treatment policy of proton beam therapy. Ver 1.0 at 2016 May (https: jastro.or.jp/particle_b il.php?eid=00002)
This treatment policy can be changed at any time without notice.

Disease | i y [ &t
[Brain and spinal cord tumors
Glioma Cow grade: S4GyE/30 fractions &
High grade: 60GyE/30 fractions
oblastoma 60GyE/30 fractions (a part may be combined with X-ray therapy)
96.6GyE/56 fractions (2 fraction/day, edema region 50.4GyE/28 fractions)
Germ cell tumors Local total dosc 50.4-61 2GyE/28-34 fractions (Determine ficld of radiation from tumor site with or without spreadin| 517
c with whole ventricular irradiation, whole brain irradiation, or inal irradiation 23.4GyE/13 fract]
Meningioma Benign (Difficult to perform surgical resection): S4GyE/30 fractions [
Atypical, Anaplastic: 66.6GyE/28 fractions
Pituitary adenomas 54GyE30 fractions 1
(Unresectable or postoperative remnants of recurring tumors
Craniopharyngioma 54GyE/30 fractions =3
Unreseciable or postoperative remnants of recurring wumors
[Medulloblastoma 50-59 4Gy[E/25-33 fractions irradiation and local radiation) s
[Ependymoma AdLow grade: 30.4GyE/28 fractions 2630

Anaplastic: 60GyE/30 fractions
Children (3 years or older): [Low grade: 50.4GyE/28 fractions
Anaplastic: 59 4GyE/33 fractions
Children (under 3 years of age): [Low grade: 50.4GyE/28 fractions

Anaplastic: S4GyE/30 fractions

[Atypical teratoid/rhabdoid tumor 537
Children (3 years or older): [54GyE/30 fractions

(© iradiation or local radiation: 36GyE/20 fractions + local irradiation 18GyE/10 fractions)

Children (under 3 years of age): [S4GyE/28 fractions

125proton references

(C irradiation or local radiation: 23.4GyE/13 fractions + local irradiation 27GyE/15 fractions)

[Primitive neuroectodermal tumor Local total dose: 55 8GyE/31 fractions

(Craniospinal irradiation or local radiation: 36GyE/20 fractions + local irradiation 19.8GyE/11 fractions)
45GyE for spinal cord metastasis
50.4GyE for cauda equine

35sites/ histologied stages

(Other brain tumors Decide on treatment plans, the irradiation methods, doses, and number of fractions through case evaluation at the 526,33
cancer committee with several specialists (evaluation based on age, tumor pathology, and location)

58 %hypofractionatedschemes

[ Disease | Radiotherapy | Rt
- . [Head and Neck tumors
0 Squamous cell carcinoma of the nasal cavity and |Radical irradiation: 70-74GyE/35-37 fractions (standard fractionation)® e
$ e I a rl C Can Ce r paranasal sinus Gy/26 fractions (reduced fractionation)®
\In cases where low doses irradiated 10 organs at risk [ postoperative irradiation: 66GyE/33 fractions®
cannot be ensured during X-ray radiotherapy
Squamous cell carcinoma of the head and neck  |Radical irradiation: 70-74GyE/35-37 fractions® 4041
\in cases where low doses irradiated 1 organs at isk  [postoperative irradiation: 66GyE/33 fractions®
lcannot be ensured during X-ray radiotherapy Re-imadiation: 60GyE/30 fractions
Malignant melanoma of the head and neck Radical irradiation: 60-60.8GyE/15-16 fractions” a3
Disease Radiotherapy Ref. Unresectable or incomplete re ive iadiation: 30GvE/S fractions”
Urological tumors Olfactory neuroblastoma Radical iradiation: 65-70.2GyE fractions o
Prostate cancer TR0y 3739 Tractions (samiand Faciomation) 045 Unresectable o incompleie reseetion Postoperative irradiation: 66-T0GYE/33-35 fractions §
) i - ) Adenoid cystic carcinoma Radical imadiation: 65-702GyE/26 fractions 34.45-46
Stage Tle-TANOMO 69-70GyE/28-30 fractions (reduced fractionation) nresectable or ncomplee resection e W
60-66GyE/20-22 fractions (reduced fractionation) Postoperative irradiation: 66-70GyE/33-33 fractions
Bladder cancer Whole bladder irradiation 40-41.4Gy/20-23 fractions then add local irradiation: 2659 Advanced malignant salivary gland tumor Radical irradiation: 65-70.2GyE/26 fractions A
Stage IL111 Close to the Gl tract: 19.8-25.2GyE/10-14 fractions (Total dose: 59.8-66.6GyE/30-37 fractions) \Lymph node mewastasis, history of i ion: X-ray therapy with proton beam boost to 66-T0GYE/33-3S fractions
Not close to the GI tract: 33-36.6GyE/10-11 fractions (Total dose: 73-78GyE/30-34 fractions) Nen-aquamens oell carcinoma of thr MWl medRadical S R CVE/ 2NN e
Renal cancer 'Ventral tumor: 76-79.2GyE/20-24 fractions 90-93 Postoperative lmdmnliin"ﬁi(_];’nzié;zg:?::mi
Stage T1-4NOMO, inoperable case TTGyE/35 fractions =
Posterior tumor: 66GyE/10 fractions — T - - [
Testicular tumor Stage I: 19.8-25 2GyE/10-14 fractions [ o ___Discase Radiotherapy
X N i o ung and tumors
Irradiation to the para-avrtic or affected Stage 1A (Iymph node diameter < 2 cm; N1): 28.8-30.6GyE/15-17 fractions Stage T and cT2b-3N0 lung cancers Periaheral T L T2aN0: 66 T00eE/ 10 factior” e
common iliac artery area Stage 1B (2 cm < lymph node diameter <5 cm; N2): 36GyE/18-20 fractions Unresectable or inoperable cases Peripheral ¢T25-T3NO 66-T0GyE/10 fractions”
Gy ical tumors 80GYE/20 fractions®
Locally advanced cervical cancer or 59.4GyE/33 fractions (Iymph node metastasis) 66-97 Central cT1a-T3NO: 80GyE/2S fractions®
endometrinl cance 304G YE “SfmctioRilE st cepmunl Lympfiingide) Stage 11 and 111 non-small cell lung cancer 50-66Gy/30.33 fracuoanGvE = festons T3
Bone and soft tissue tumors 70.746y/35.37 fractions
Chordoma, Chondrosarcoma Adjacent to critical organs: 63-70.4GyE/26-39 fractions 98- 166 Mediastinal tumor 50-66Gy/30-33 fractions 29, 54-
Not adjacent to critical organs: 70.4GyE/16 fractions (4 times/week) 70-74Gy/35-37 fractions 54
Osteosarcoma Adjacent to critical organs: 70.2-70.4GyE/26-32 fractions 9, J'f”._ (.;l“"i'““‘i"l] (GI) tumors = — _
Not adjacent to critical organs: 70.4GyE/16 fractions (4 times/week) 106, 107 Stage 1 to 111 primary esophagus cancer 60-T0GYE/30-33 fractions - ) 5761
. - with photon therapy of 36-40Gy/20 fractions with elective field
Other rare bone and soft tissue tumors Adjacent to critical organs: 65-80GyE/26-32 fractions (combination with X-ray therapy is acceptable) Wmf;“- Tocally recarrent rectal EADEEr Close 1o the O tract 60-7T0GYE/3035 Fractions v
Not adjacent to critical organs: 70.4GyE/16 fractions (4 times/weck) 108, 109 Unresectabie wmor Not close to the G tract: 72-75GyE/18-25 fractions
[m iliary tumors
Metastatic tumors cancer Peripheral type: 66GyE/10 fractions =
Metastatic lung tumor Peripheral: 64GyE/8 fractions 110117 Porta beptuslfype: 7 ZogfCGyE/ 22 s tuue
X N Adjacent to the GI tract: 74-76GyE/37-38 fractions
|Qligometastatic (= 3 lesions) Central: 72.6GyE/2] fractions inoma Porta hepatica type: 72.6-76GyE/20-22 fractions 73
Metastatic liver tumor Peripheral: 64GyE/8 fractions 65, 112- U nresectable or recurvent umors Adjacent to the digestive tract: 74-76GyE/37-38 fractions
Qligometastatic ( < 3 lesions) Central: 72.6GyE/22 fractions e Porta hepatic and extrahepatic cholangiocarcinon|Porta hepatic area: 70.2-72.6GyE/22-26 fractions T0THTS
Metastatic lymph node Recurrent, refractory: 64GyE/8 fractions 15 Unresectable or recurrent umors Adjacent to the GI tract: 50-60GyE25-30 fractions
Oligometastatic 72.6GyE/22 fractions :..nc N m:..ud pancreatic cancer :g;gﬂ;i 75’.23 fmch;m (:’t;;ndard Imclinmt:un) . y 7679
. - . Inresectable or recurrent tumors 50.4GyE/33 fractions (Careful prospective multi-insitutional study is warrantes
Adjacent to critical organs: 50-70GyFGyF/25-35 fractions ﬁn-(ﬂ’sc.yE 2025 fmi‘lmn \mrs.:utun»m ‘boosting (Cncﬁvlim:pccll\c multi-insitutional study is warranted)




e El tratamiento, se ajustard a las siguientes indicaciones terapéuticas:

1.- Adultos

Direccidn Garersl de Carters Comin de
Servicios del SNS y Farmaca

=

Indicacién

Observaciones

Melanoma intraocular/uveal

Cuando no esté indicada la braquiterapia

Resolucién de 30 de noviembre de 2020, de la Direccidn General de Cartera Conuin de

Servicios del Sistema Nacional de Salud y Farmacia, por la que se hacen piblicos los
acuerdos de la Comisidn de prestaciones, aseguramienio y financiacion de 14 de julio de
2020 en relacion a la téenica de protonterapia en la cartera comin de servicios del
Sistema Nacional de Salud

La protonterapia es una técnica de radioterapia. El Real Decreto 1030/2006 de 15 de
septiembre, contempla en su anexo Il de cartera de servicios comunes de
especializada, apartado 5.2.11, la radioterapia de manera genérica, por lo
de prestaciones, aseguramiento y financiacion acordd la ela
consensuado sobre protonterapia con el fin de rec
sobre las que se disponga de mayor evidencia.

los critenos e indicaciones

e Recomendar el establecimiento de una (‘omisién intcrdisciph‘nr en cada comun' -

Cordoma y condrosarcoma
Sarcomas primarios Cuando la dosis de rads pia supere la tol ia
paraespinales medular
2.-Nifios (hasta 18 ailos)
Indicacién Observaciones

+ Meduloblastoma

+ Ependimoma
+ Tumores germinales y pincal

Tumores cercbrales

+ Astrocitoma difuso
+ Glhiomas de ba]o gmdo
+ Oligodend -~
« Tumor Teratoide/Rabdoide Atipico
« Crancofaringiomas
+ Tumores del plexo coroideo
No indicado en:
+ Glioma Difuso de Protuberancia (DIPG)
« Gliomas de alto grado:
o Glioblastomas
o Astrocitomas anaplasicos

T}vm oculares

« Retinoblastoma
« Glioma del nervio dptico

Interdisciplinar u organismo que determine la Comunidad Autonoma, la

Sarcomas ¥¢ partes blandas

+ Parameningeos

« Orbitarios

« De cabeza y cuello

» Tordcicos, st proximos a corazon o columna

tratamiento + Abdominales, si proximos a higado o riion
. ) o : + Pélvicos
. ::mlm“ﬁ; g::e b con p pia, s¢ cump las Tunor de Ewing\ « Si proximo a drganos de riesgo (médula, corazon)
o El tratamiento debe tener intencién curativa Neuroblastoma \
o El paciente debe tener un buen estado general (ECOG 0-1)
e Laexpectativa de vida alcanzard S afos, sin comorbilidades la limiten
* No debe haber evidencia de metastasis
o Tras valoracion individual, debe haber una venlaja étrica de la p y :‘m
con imy clinico resy a otras 1¢ der P
o Se valorardn especialmente:
* Los tumores en nifios menores de 3 aflos
* Los sindromes genéticos con riesgo elevado de toxicidad CSV : GEN-6b84-1973-088d-0621-4450-0677-25bc-8064 &
DIRECCION DE VALIDACION : gob. SedeF htm

e En caso de reirradiaciones deben tener intencién radical, y tras valoracion
individual, la comparacion dosimétrica debe ser favorable respecto a otras
opciones, con beneficio clinico real

FIRMANTE(1) : PATRICIA LACRUZ GIMENO | FECHA : 30/11/2020 18 M | 8in accién especifica
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Clinica
Universidad
de Navarra

1 Inyector
Los protones se extraen de
meléculas de agua y se inyectan
en un acelerador lineal que los
expuisa a baja velocidad.

™) w Proton
L - -
H;O (™) \ Proton
(agua)
@ Inyector

A

2 Sincrotrén
Cuatro imanes mueven los
protones en circulo y un
campo eléctrico incrementa
gradualmente su velocidad.

Campo
eléctrico

o—=

r ¥
\_imanes )

» Campo
eléctrico

Imanes

Ubicacion del
acelerador de protones
3.600 m?

3 Extraccién
Cuando han alcanzado un 60%
de la velocidad de la luz, se
desvian a la linea de haz para
ser utilizados.

46.000 m?

4 Gantry
Los protones llegan a uno de
los dos gantrys, en cuyo centro
esta el paciente, tumbado.

o Ny
b W S
Al segundo gantty
{ " AFA:-
,"dr - l

-

Gantry
Brazo que
gira 360°

La tecnologia humaniza la medicina



Protonterapiaen ClinicaUniversidad de Navarra:
tecnologia y sistema diferencial

ler sincrotronde Europa (haz verde)
3er gantry 360° del mundo (TAC posicionamiento)

Sistema de cuidadastra-hospitalario
Oncologia pediatrica
Anestesia pediatrica
UCI pediatrica
Urgencia pediatrica

Planificacion dosimétrica camagenmultimodalidad:

TAC 4D
RMN 4D
t9¢ OYSUA2YAYIZ t{al X0

Mayo Clinic MD AndersonStJudes John HopkinsSincrotronHitachi)



ACTIVIDAD DE LA

Unidad de Protonterapia

Pacientes

305

FINALIZADOS:

317

paises de 4
continentes

Canada

M Europa M América M Asia-Pacifico
® Oriente Medio y Norte de Africa  Africa
800.000

Otras®

600.000 México
400.000

200.000

0 ar

Dic Ene
2020
* Incluye los casos notificados en transito internacional.
Fuente: OMS

2021

267 adultos y 98 ninos

(desde 14 meses hasta los 87 afios)

Colombia

Ecuador

TRATAMIENTOS = TRATAMIENTOS

EN CURSO:
27

21 en planificacion

Universidad
de Navarra

C

Tumores JFETa
.LQ) Base de craneo Hepatocarcinoma
&. Condrosarcoma Hipofisis
Z 3 tipos de tumores  Cordomas Mama
diferentes: Craneofaringiomas Meduloblastomas
Ependimoma Nasofaringeos
Esofago Oligometastasis
Ginecoldgicos Orbita
Gliomas Para-espinales
Latécnica

=

@ Espana
¥ 262 pacientes
17 C.C.AA.

- EAustria

* Ucrania

Emiratos
Arabes

00233

93,0%

Cancer Center

disponibilidad
de uso de haz

Clinica
Universidad
de Navarra

Prostata

Pulmén
Rabdomiosarcoma
Recto
Reirradiaciones
Sarcoma cerebral
Sarcoma de

partes blandas

La tecnologia es eficiente

movimientos
del gantry

31579 «-

O

MAR 2022



Protontherapy services@ CUN 2022

. Clinica |
* Universidad
de Navarra
Madrid, 18 de Noviembre de 2020

CARTERA DE SERVICIOS PROTONTERAPIA CUN MADRID =

ASTRO updates insurance coverage recommendations
for proton therapy

® Tumores malignos y benignos pediadtricos y en adolescentes.
= Tumores del sistema nervioso central (SNC) primarios malignos y benignos.

= (Cancer de cabeza y cuello avanzado y/o irresecables.

ARLINGTON, Va., July 12, 2017

»  Cancer de senos paranasales.
= Cdnceres de glandulas salivares.

= Tumores malignos cutdneos extensos.

= Tumores orbitarios.
= Tumores de base del craneo.

= Cordoma y condrosarcoma.

=  Tumores de esqueleto axial y paraespinales.

= GOBIERNO MINISTERIO
"q DE ESPANA DE SANIDAD, CONSUMO
Y BIENESTAR SOCIAL

G

= Cancer de mama: post-mastectomia y reconstruccion inmediata.

= (Cancer de mama en pacientes con patologia severa cardiopulmenar.
= Cancer de pulmon avanzado de localizacion central o con extension pared toracica.
= Tumores mediastinicos: linfoma, timoma y tumores germinales.

= Mesotelioma maligno.

SEOR

oAt Ko D

o
i

Cancer de esdfago.
Drscsn G s Carters Cosin
peboiprt=i sty

= Cancer Hepatocelular y Colangiocarcinoma.

= Cancer de pancreas.

Resolucicn de 30 de noviembre de 2020, de la Direccicn General de Cartera Comin de .
. .

Servicios del Sistema Nacional de Salud y Farmacia, por la que se hacen piblicos fos Sarcomas oseos.

acuerdos de la Comisiin de prestaciones, asequramiento y financiacion de 14 de julio de

clinicalscenarios S
.

Céncer de préstata en pacientes fragiles.

. = Cancer pélvico avanzado con prevision de tolerancia desfavorable.
5 newadditions2017 —

= Sindromes genéricos con susceptibilidad a la radiacion.

= Enfermedad oligometastasica y oligorecurrente.

o e - Dblicatioge e e Some Ralasnoy 01T ASTR Ovipdan i




1. En el momento actual de despliegue de centros de protones, ¢tiene sentido pensar en un centro o red
de centros de I1+D que coordinen y lideren los estudios de radiobiologia (y planificacion de dosis
biologica) de protones e iones en Espafna? ¢ Algunas Indicaciones?

A¢Un programa/red/grupo nacional de radiobiologia?
A ¢con extension al estudio de tipos singulares de deposicion de la radiacion (flash, otras)?
A la importancia de este tipo de institutos en posibles intercomparaciones a nivel internacional.

2. ¢ Qué puede aportar un centro especifico para estudios radiobiolégicos y de innovacion?

3. Con 10 centros de protones, ¢ vale la pena pensar en un centro de iones para uso clinico? Interés y
viabilidad desde un punto de vista técnico, médico y de gestion sanitaria.

4. ¢ Como se puede animar el estudio de terapias multimodales? (Inmuno-quimio-radioterapia)

5. El papel que puede jugar el desarrollo tecnologico. ¢ Como se puede incentivar al sector industrial
espanol para poder tener una contribucion/beneficio en estos temas? ¢ CoOmo podemos organizarnos?



Horizonte 2025030:

radiobiologia clinica disruptiva

abscopal
FLASH
linfoprotecion



Radioinmunogenicityand precisionradiotherapy

newparadigm

Calreticulin
% translocation
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REVIEW ARTICLE

Recent Developments in Radiotherapy

Deborah E. Citrin, M.D.

a. > °
Release °/8 o
ofDAMP:. {o® \®

Cytotoxic :
T lymphocytes
—

Metrics September 14, 2017
N Engl | Med 2017; 377:1065-1075

Antigen release from
dying tumor cells
o

expression

of vascular
adhesion

molecules
(ICAM-1)




Nat RevClinOncol 2016 Jun 1.

Clinical development of new druadiotherapy combinations
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http://www.ncbi.nlm.nih.gov/pubmed/27245279

ImpactF I OG2NJ HAMT X HNNn®pyp

CA CANCER J CLIN 2017;67:65-85

Radiotherapy Combination Opportunities Leveraging
Immunity for the Next Oncology Practice

Fernanda G. Herrera, MD"?; Jean Bourhis, MD, PhD? George Coukos, MD, PhD*®

'Radiation Oncologist, University Hospital

of Lausanne (CHUV), Lausanne, ABSTRACT: Approximately one-half of patients with newly diagnosed cancer and
Switzerland; “Instructor, University many patients with persistent or recurrent tumors receive radiotherapy (RT), with
Hospital of Lausanne (CHUV), Lausanne, the explicit goal of eliminating tumors through direct killing. The current RT dose and
Switzerland; “Professor, Chief of Radiation schedule regimens have been empirically developed. Although early clinical studies

Oncology Service, University Hospital of
Lausanne (CHUV), Lausanne, Switzerland;
*Professor, Director, Department of

revealed that RT could provoke important responses not only at
but also on remote, nonirradiated tumor deposits—the so-calleq

"abscopal effect"

Oncology, University Hospital of Lausanne the underlying mechanisms were poorly understood and were

(CHUV), Lausanne, Switzerland; °Director, exploited. Recent work has elucidated the immune mechanisms underlymg these
Ludwig Institute for Cancer Research, effects and has paved the way for developing combinations of RT with immune ther-
lsjvr:/ii:::z\:f Lausanne Branch, Lausanne, apy. In the wake of recent therapeutic breakthroughs in the field of immunotherapy,

rational combinations of immunotherapy with RT could profoundly change the stan-



Immune mechanisms mediating abscopal effects

1n f&dlﬂlmmUﬂOtherapy Pharmacology & Therapeutics 196 (2019) 195-203

Maria E. Rodriguez-Ruiz *P*, I. Rodriguez ®, Olwen Leaman ¢, Fernando Lopez-Campos )
Antonio J. Conde ", JJ. Aristu?, Pedro Lara &, Felipe Manuel Calvo ?, Ignacio Melero ™™
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CASE REPORT
published: 26 September 2019

H a0 :-IB /Ton .'n Q.':":' 22
Abscopal Effect Following Proton doi: 10.3389/fonc.2019.009

Beam Radiotherapy in a Patient With
Inoperable Metastatic
Retroperitoneal Sarcoma

] frontiers
Randall J. Brenneman', Nima Sharifai?, Benjamin Fischer-Valuck?, *’ )
Comron Hassanzadeh', Jeffrey Guzelian®, John S. A. Chrisinger?, Jeff M. Michalski',
Peter Oppelt® and Brian C. Baumann ™ ]_ I I I I C O O g EE

" Department of Radiiation Oncology, Washington University School of Medicine, St. Louis, MO, United States, ? Department

50CGyR5 fr 18 months NED

protons

unclassified round cell sarcoma with INI1 loss

PDL1expressiorr/=1%
TILCD4 10% positive, CD8 2% positive; 5:1ratio)

Post PTL,5months Post P months



Radiotherapyin PrecisionOncology models
2019update
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PETmetionina+ RM fusion



PETbio-guidedRT VMAT/IMRTtechno-guidedRT systemiecontrol guidedRT

A B )
[ [
> 30% Rdlosdvolumenchanges
Recent Developments in Radiotherapy
Dabeorsh £ G, MD. 100%dosevolumenchanges 100% dose/volumen changes

Metrics September 14, 2017
N Engl ] Med 2017; 377:1065-1075



5D

DOSHE=SCALATION BASED ON HIPOGIGRM

A: GTV Hipoxia
B: STANDARD PLAN
C: Dose=scalation based on HIPOXIA gradients

D: Doseescalation based on HIPOXIA presence

47



6Din personalizedoncology. contemporarydevelopments

from improvedprecisionto improvedpractice

6D

Potential Target Deformations during Tx
T-IGRT implications

4D = time = movement = changes = adaptation = ART

e el




Linfopenia= inmunocompetencia = supervivencia = curacion
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Critical Reviews in Oncology / Hematology 123 (2018) 42-51

Contents lists available at ScienceDirect

Critical Reviews in Oncology / Hematology

journal homepage: www.elsevier.com/locate/critrevonc

> 4,000 to 20

A systematic review of the influence of radiation-induced lymphopenia on
survival outcomes in solid tumors

Bhanu Prasad Venkatesulu®, Supriya Mallick®, Steven H. Lin®‘, Sunil Krishnan®®"

“ Department of Experimental Radiation Oncology, The University of Texas MD Anderson Cancer Center, Houston, TX, USA
" Department of Radiation Oncology, All India Institute of Medical Sciences, New Delhi, India
© Department of Radiation Oncology, The University of Texas MD Anderson Cancer Center, Houston, TX, USA

- lymphopeniais a common accompaniment of multimodal cancer therapy

- most radiosensitive cells hematopoietic system

- systematic review radiatiorassociatedymphopeniaand SU rvivalsolid malignancies
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Lymph node

Abscopal effect
Immune response

Cancer progression
Inferior prognosis
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Comparative Qutcomes After Definitive

Chemoradiotherapy Using Proton Beam Therapy Benefitin cancercontrol andpatient survival
Versus Intensity Modulated Radiation Therapy
for Esophageal Cancer: A Retrospective,
Single-Institutional Analysis
Mian Xi, MD,*' Cai Xu, MD,*

A 1.0 1.0
- I'¥X === IMRT
[
- £ ——— PBT
E A
S 0.64 &
A s H.
’=E 0.4 :'1 VL My L
AL T o
= L b
(- '“'P'""— ".m = ‘..‘ -
0.24 p=o11 Vo e ey S 0.2 N 001 T e ————
O
0.04 0.0+
0 12 24 36 4B 60 iz #4 96 108 0 12 24 ) 60 12 84 96 108
Time {months) Time {months)
Mumber at risk Number at risk
IMRT 211 175 106 76 0 43 20 15 5 1 IMRT 211 104 &8 16 & ¢ 0
PBT 132 114 &4 &8 31 18 12 & 2 1 PBET 132 B84 63 45 10 K 1 0

protons vsphotons: extremedifficult model!



Prediction of Severe Lymphopenia During survivalvslymphopeniaisX survivalvstoxicity!
Chemoradiation Therapy for Esophageal Cancer:
Development and Validation of a Pretreatment
Nomogram Practical Radiation Oncology (2020) 10, e16-¢26

Peter S.N. van Rossum, MD, PhD,*" Wei Deng, MD,’

A 100 Observed:
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High lymphocyte countfduring neoadjuvant chemoradiotherapy is

assoclated with improved pathologic complete response in esophageal %%
cancer
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Ultra-High Dose Rate (FLASH)
Radiotherapy: Silver Bullet or Fool’s
Gold?
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