


The outcome of children with tumors has improved

dramatically over the past few decades with the use of

multimodality therapy.



Late effects include organ dysfunction, subsequent

malignant and benign neoplasms, and adverse

psychosocial sequelae, placing survivors at risk for

chronic health conditions as they enter their adult years.

The 30-year cumulative incidence for severe, disabling, or

life-threatening conditions or death due to a chronic

condition is 42% and the 30-year cumulative mortality is

18% among survivors.
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We often hear a classic circular argument:

A different dose distribution = a different clinical

outcome, because protons give a different dose

distribution = a different clinical outcome,

then protons are better because they give a better

dose distribution…and around and around.

J Med Ethics 35:684-7, 2009 B. Hoffmann

A “different” dose distribution is not the 

same as an improved clinical outcome. 



The role of RT in the management of childhood cancer is

very limited.

It is impossible to prove the survival superiority of any

technical modification in pediatric RT delivery.

There simply are not enough cases.

As a means of demonstrating a survival benefit to proton

therapy with sufficient patient numbers, pediatric RT is

irrelevant.

This is largely a toxicity discussion.

Disease
Number of cases 

in USA per year

% of cases 

irradiated

Number of 

cases 

irradiated

Acute Lymphocytic Leukemia 2400 10 240

Acute Non-Lymphocytic Leukemia 850 5 43

Lymphoma 1700 30 510

Medulloblastoma 460 90 400

Astrocytoma, including brainstem 1140 50 570

Ependymoma 200 60 120

Neuroblastoma 650 10 65

Wilms 500 10 50

Ewing 200 60 120

Rhabdomyosarcoma 350 60 210

NRSTS 550 50 275

9000 29 2603
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…to the best of our knowledge, no systematic review of the

clinical effectiveness of PT in children has been reported in the

scientific literature.

Twenty-three primary studies were identified, including

approximately 650 patients overall.

The median/mean follow-up times were limited (range, 19-91

months).

None of the studies were randomized, 2 were comparative, and 20

were retrospective.

Most suffered from serious methodologic

limitations, yielding a very low level of clinical

evidence for the outcomes in all indications.



Skull base chondrosarcoma (1)

Skull base and spinal chordoma (2)

Craniopharyngioma (3)

Ependymoma (2)

Esthesioneuroblastoma (1)

Ewing sarcoma (1)

CNS germinoma (1)

Low-grade glioma (2)

Medulloblastoma (3)

Non resectable osteosarcoma (1)

Retinoblastoma (2)

Rhabdomyosarcoma (5)

Skull base chondrosarcoma (1)

At present

no clinical

evidence to 

support or 

refute

Skull base and spinal chordoma (2)

Ependymoma (2)

Esthesioneuroblastoma (1)

Ewing sarcoma (1)

CNS germinoma (1)

Low-grade glioma (2)

Medulloblastoma (3)

Non resectable osteosarcoma (1)

Rhabdomyosarcoma (5)

At present very low-level clinical

evidence that PT compared with

IMRT does not result in significant

differences in 3-year OS, 3-year CFFS,

3-year NFFS, toxicity or cyst dynamics.

Craniopharyngioma (3)

At present very low level clinical evidence 

that PT results in lower risk of developing 

RT induced in-field secondary 

malignancies.
Retinoblastoma (2)



Low grade gliomas

As further proton data matures, we will have a better

understanding of the true potential to reduce late toxicity.

Medulloblastoma

Ongoing trials of medulloblastoma treatments such as

NCT01063114, which is evaluating use of proton CSI, will

shed further light on the clinical outcomes and toxicity

profile associated with this novel treatment technique.

Ependymoma

it is important with the use of PRT to be cognizant of the

RBE uncertainty, especially in the region of the spread-

out Bragg peak, as it may lead to increasing imaging

changes that future use of PRT will reveal. The true

clinical significance of these imaging finding remains to

be elucidated.

Conclusions

… the ultimate hope is to complete a well controlled

prospective trial comparing proton and photon radiation

therapy. In the interim, PRT should be strongly

considered when treating pediatric CNS tumors in an

effort to allow children to live and mature with minimal

treatment sequelae.



Economic analyses of new technologies, such as proton-beam 

radiotherapy (PBT), are a public health priority. 

To date, no systematic review of the cost-effectiveness of PBT has 

been performed.

With greatly limited amounts of data, PBT offers promising cost-

effectiveness for pediatric brain tumors, well-selected breast

cancers, locoregionally advanced NSCLC, and high-risk head/neck

cancers.

Careful patient selection is absolutely critical to assess cost-

effectiveness. Together with increasing PBT availability, clinical

trial evidence, and ongoing major technological improvements,

cost-effectiveness data and conclusions from this analysis could

change rapidly.



In this review of IGRT practices across several

international institutions with dedicated pediatric

expertise we find that use of IGRT is prevalent among all

institutions, but with variability in its application across

facilities by treatment site.

The greatest concordance in IGRT practices among

consortium institutions were for CNS and H&N sites;

almost 100% of cases were treated with IGRT, with near-

perfect consensus on the requirement for daily IGRT, the

practice of alignment based on bony anatomy, and the

use of mask-based immobilization.

Our results suggest that IGRT is commonly used for

radiation delivery in the management of pediatric

tumors but that there is notable variability in when and

how it is employed among institutions for a given

treatment site.

These data highlight the need for consensus

recommendations to guide clinical decision making for

IGRT in the treatment of children.













Quality and Excellence in
Radiotherapy and Imaging
for Children and Adolescents
with Cancer across Europe in
Clinical Trials

To provide high level reproducible RT for all children
included in SIOP-E trials through prospective RTQA

To establish standards for quality control

To improve general disease management in pediatric
tumors

To perform research on the role of QA and its influence
on treatment results and acute and long term toxicity

To establish funding for as many trials as possible

EpSSG

SIOPEN

SIOP Brain tumors

Hodgkin’s lymphoma

Wilms’ tumor

SIOP Brain tumors

PNET 5

















Milan series of 54 metastatic medulloblastoma patients

EFS and OS were 70%/67% and 72%/64% at 5/10 yrs, respectively 

Median follow-up: 100months



SIOP Brain Tumor Working Group                            

High Risk Medulloblastoma Study

 October 2012: active discussion began

 “Milan strategy”: experimental arm of the randomized study

 April/May 2014: some European Centers reported cases of unexpected
neurotoxicity and suspended the use of the HART protocol

 SIOP PNET WG Meeting in Singapore, July 2014:

Decisions:

 European survey on grade 3-4 neurotoxicity in all the recent/ongoing
clinical trials for HR MBL

 Estimate of total number of patients treated according to the Milan
strategy and of number of severe neurotoxicities

 2 days meeting in Milan: 1 day for Radiation Oncologists and
Physicists only to collegially review the radiotherapy plans of children
showing severe neurotoxicity after combined intensive treatments to
highlight possible correlations with radiotherapy technique and
dosimetry



SIOP-Europe Brain Tumor Working Group - High Risk Medulloblastoma Meeting

Radiation Oncologists and Physicists Meeting, Milan 6 November 2014

 Period of study: 2009-2014

 Estimated number of children treated according to the HART 
strategy: 240

 Reported grade 3-4 neurotoxicity : 27 cases 

 18 global neuro-functional impairments

 4 myelitis

 5 brainstem/cerebellum radionecrosis

 17/27  radiotherapy treatment plans were reviewed and 
discussed 



SIOP-Europe Brain Tumor Working Group - High Risk Medulloblastoma Meeting

Radiation Oncologists and Physicists Meeting, Milan 6 November 2014

 Global neuro-functional impairment

 Children younger than 10

 High-dose Thiothepa administered after HART

 No correlation with radiotherapy technique and dosimetry

Milan series of 60 High Risk Medulloblastoma children:

 5 severe global neurotoxicity

 all 5 children younger than 8 years, all received 2 cycles of HD Thiothepa

 3/5 poor neurological conditions after surgery, 2/5 progressive disease

 median time to worsening 6 months (6-36 months) after treatment end

 worsening reaches a clinical plateau with some improvement

 4/5 received CSI 39 Gy only without posterior fossa boost, 1/5 CSI 31,2 

Gy with posterior fossa boost



SIOP-Europe Brain Tumor Working Group - High Risk Medulloblastoma Meeting

Radiation Oncologists and Physicists Meeting, Milan 6 November 2014

The summed doses all showed that the hot volumes were at the base of the brain within the 
head fields.

Centre 1 Centre 2 Centre 3 Centre 4

64Gy 65Gy
62.5Gy62Gy

 Myelitis

 High-dose Thiothepa administered after HART in all cases

 Upper cervical cord included in the posterior fossa boost volume



SIOP-Europe Brain Tumor Working Group - High Risk Medulloblastoma Meeting

Radiation Oncologists and Physicists Meeting, Milan 6 November 2014

 Myelitis

 High-dose Thiothepa administered after HART in all cases

 Upper cervical cord included in the posterior fossa boost volume

Sum of Phase 1 and Phase 2          Maximum dose to cord was 63 Gy



SIOP-Europe Brain Tumor Working Group - High Risk Medulloblastoma Meeting

Radiation Oncologists and Physicists Meeting, Milan 6 November 2014

 Brainstem/cerebellum radionecrosis

 Additional 9 Gy boost to posterior fossa residuum (not 
contemplated in the original HART approach)

Blue: 39-52.5 Gy Green: 52.5 -60 Gy

Yellow: 60-65 Gy Red: 65-69.5 Gy



RIUNIONE PROTONTERAPIA

Torino, 07 giugno 2016

Partecipanti:

Presidente e vice presidente AIEOP Franca Fagioli, Marco Zecca

Consiglieri CD AIEOP Maura Massimino, Arcangelo Prete

Segretaria CD AIEOP Paola Quarello

Componenti GdL AIEOP 

“Radioterapia”

Giovanni Scarzello, Salvina Barra, 

Lorenza Gandola, Maurizio Mascarin, 

Anna Mussano 

Centro CNAO Pavia Francesca Valvo, Alberto Iannalfi

Centro protoni Trento
Maurizio Amichetti, Barbara Rombi, 

Sabina Vennarini

Presidente AIRO Elvio Russi



Tutti i presenti concordano che solo stabilendo delle

modalità comuni di gestione del paziente, in centri di

consolidata alta specializzazione e competenza, sia

possibile proporre il trattamento radiante più idoneo,

contenendo campagne mediatiche che possano

influenzare negativamente l’iter terapeutico.



Il 70-80% dei pazienti è arruolato in protocolli

diagnostico-terapeutici nazionali o internazionali che

prevedono direttive radioterapiche precise per dose,

frazionamento e timing, presupponendo una strettissima

collaborazione del team multidisciplinare che ha in

carico il paziente.

Sono stati identificati i Centri autorizzati al trattamento

mediante questionari di valutazione e visite ispettive

sulla base dei criteri di Good Clinical Practice (GCP) e

secondo la normativa Europea.

Sono stati anche identificati i professionisti esperti che

possono essere coinvolti nel percorso di cura del

paziente.



Attualmente nessun protocollo pediatrico è aperto nei

due Centri di Protonterapia Italiani, ne consegue che il

trattamento con particelle implica l’esclusione del

paziente dal protocollo in cui è stato precedentemente

arruolato.

In Europa esistono centri in cui il radioterapista

pediatrico della struttura di oncoematologia pediatrica,

segue il paziente nel centro di protonterapia garantendo

la continuità di cura.



J.-L. Habrande,g,h,i,j,



Proposta di istituzione di una figura di radioterapista

pediatrico esperto che possa svolgere attività di

consulenza presso il centro di protonterapia.

Tutelare la prosecuzione del percorso diagnostico-

terapeutico all’interno del protocollo.

Promuovere la crescita specifica in ambito pediatrico

dei due centri italiani di protonterapia mediante la

stipula di una consulenza a costo zero (eventuale

copertura delle spese di trasferta da parte di AIEOP)

tra il centro di protonterapia ed un radioterapista

pediatrico esperto e certificato.


