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Dichiarazione di conflitto di interessi:
non sono radioterapista

nnnnnnnnnnnnnnnnnnnnnnnnnnnn
AAAAAAAAAAAAAAAAAAA




nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
:::::::::::::::::::

Premessa

 total burden of therapy

* “If we cut back on one modality, we must
intensify another”!

Steel, Peckham. Exploitable mechanisms in combined radiotherapy-chemotherapy: the
concept of additivity. Int J Radiat Oncol Biol Phys 1979

Donaldson S. Finding the balance in pediatric Hodgkin's lymphoma. J Clin Oncol 2012
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Premessa

e la RT, spesso in combinazione con chirurgia e/o
chemioterapia, € un trattamento efficace e
curativo in molti tumori pediatrici

e ~ 60% dei bambini con tumore riceve RT, e circa
20-25% riceve piu di un trattamento?

1Childhood Cancer Survivor Study (http://www.cancer.gov/types/childhood-cancers/ccss) _,*4_




Premessa

e sebbene la RT sia un trattamento efficace, Il

paradigma corrente e “evitiamo o riduciamo la
radioterapia” nel disegno di un protocollo

deliver as low a dose of radiation to as small a volume
necessary to cure the child
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Medulloblastoma rischio-standard
Linforma di Hodgkin
Neuroblastoma alto-rischio

RMS
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Tumori cerebrall

 costituiscono la prima indicazione a RT in eta
pediatrica

» problema della tossicita e notevole (deficit
cognitivi, ormonali, uditivi, visivi, ossel, secondi
tumori)

NB: alcune tossicita sono legate alla presenza del tumore
stesso, alla chirurgia, alla chemioterapia
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medulloblastoma, indice terapeutico

a. The need to provide prophylaxis against future
leptomeningeal relapse or the treatment of
frank MRI-visible metastases is the justification
for irradiation of the entire nervous system and
not just the primary tumor bed

b. RT of the entire CNS Is the major source of
severe neurocognitive morbidity in long-term
medulloblastoma survivors

c. the cause of most deaths is leptomeningeal
metastases




Evoluzione degli approcci terapeutici con riduzione di dosi
e campi della RT, e adozione sistematica della
chemioterapia nel MBL rischio-standard, non-infant

Old standard
35-36 Gy CSI (1.5-1.8)
FP 54-55.8 Gy

1980

Consapevolezza

delle sequele
Hirsh 1979

Duffner 1980
Fossati-Bellani 1984
Madon 1986

Riva 1989
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Old standard
35-36 Gy CSI (1.5-1.8)
FP 54-55.8 Gy

1980 1986-1990

Thomas JCO 2000 (POG8631/CCG923) (126 pz)
R: CSI 36 vs 23.4 Gy (FP 54 Gy)

senza chemioterapia

8-y EFS 67% vs 52%

Consapevolezza

delle sequele
Hirsh 1979

Duffner 1980
Fossati-Bellani 1984
Madon 1986

Riva 1989



Evoluzione degli approcci terapeutici con riduzione di dosi
e campi della RT, e adozione sistematica della

chemioterapia nel

Old standard
35-36 Gy CSI (1.5-1.8)
FP 54-55.8 Gy

1980

MBL rischio-standard, non-infant

Packer JCO 1999 (CCG9892) (65 pz)
CSl 23.4 Gy (FP 55.8 Gy) + VV

+ CDDP/CCNU/NV

5-y EFS 79%

1990-1994 1996-2000

1986-1990

Thomas et al JCO 20
R: CSI 36 vs 23.4 Gy
No chemioterapia
8-y EFS 67% vs 52%

Consapevolezza

delle sequele
Hirsh 1979

Duffner 1980
Fossati-Bellani 1984
Madon 1986

Riva 1989

00 (POGICCE) Packer JCO 2006 (CCGA9961) (421 pz)
(FP 54 Gy) CSI 23.4 Gy (FP 55.8 Gy) + V

R CDDP/CCNU/V vs CDDP/CTX/V

5-y EFS/OS 81/86%

No differences



Evoluzione degli approcci terapeutici con riduzione di dosi
e campi della RT, e adozione sistematica della
chemioterapia nel MBL rischio-standard, non-infant

Old dard .
35-3Sg%]y ?;r5| (1.5-1.8) Lannering JCO 2012 (HIT-SIOP-PNET 4) (340 pz)

FP 54-55.8 Gy R 36/60(FP)/68(T) iperfrazionata vs 23.4/54 convenzionale
+ CDDP/CCNU/NV
EFS 81 vs 78% (no differenza)
overall cognitive ability was not significantly different

1980 Non ritardare la RT!

1996-2000
Packer JCO 2006 (CCGA9961)
CSI 23.4 Gy (FP 55.8 Gy) + V

R CDDP/CCNU/V vs CDDP/CTX/V
5-y EFS/OS 81/86%

Consapevolezza No differences

delle sequele
Hirsh 1979

Duffner 1980
Fossati-Bellani 1984
Madon 1986

Riva 1989



Evoluzione degli approcci terapeutici con riduzione di dosi
e campi della RT, e adozione sistematica della
chemioterapia nel MBL rischio-standard, non-infant

Old standard

35-36 Gy CSI(1.5-1.8)  Lannering JCO 2012 (HIT-SIOP-PNET 4)

FP 54-55.8 Gy 36/60(FP)/68(T) iperfrazionata vs 23.4/54 convenzionale
+ CDDP/CCNU/V
EFS 81 vs 78% (no differenza)
overall cognitive ability was not significantly different

1980
19962000 06 (coonsesry  COCACNS0331 (Mikalski
acker .
CSI 23.4 Gy (FP 55.8 Gy) + V. R1:FPvs lf
R CDDP/CCNU/V vs cDDP/cTx/v  R2: CSI 18* vs 23.4 Gy + CT
5-y EFS/OS 81/86% EFS 72.1 vs 82.6%
Consapevolezza ~ No differences *3-7 anni eta
delle sequele Jakacki Int J Radiat Biol Phys 2004
Hirsh 1979
Duffner 1980
Fossati-Bellani 1984
Madon 1986

Riva 1989



della R

Old standard
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T e CT nel MBL attraverso nuovi gruppi di rischio

Lannering JCO 2012 (HIT-SIOP-PNET 4)
36/60(FP)/68(T) iperfrazionata vs 23.4/54 convenzionale

35_36 Gy CSI (15_18 ) + CDDP/CCNU/V

EFS 81 vs 78% (no differenza)

FP 54-55.8 Gy overall cognitive ability was not significantly different
1996-2000
Packer 1CO 2006 (CCGA996L Taylor et al. Acta Neuropath 2012
EPAAIVIPARSMI G0 tolo et al Acta Neuropath 2014
5-y EFS/OS 81/86% Ramaswamy et al. Acta Neuropath 2016
1980 No differences Cavalli et al. Cancer Cell 2017
Thomas et al JCO 2000 (POG8631/CCG92 Dati CImlCI’ patOIOQICI e molecolari
R: CSI 36 vs

No chemioterapia

8-y EFS 67%

Consapevolezza

delle sequele
Hirsh 1979
Duffner 1980

Fossati-Bellani 1984

Madon 1986
Riva 1989

Vs 52% Packer JCO 2006 (¢

O nella classificazione!
e Almeno 4 sottogruppi
R CDDP/CCNU/V . . . .
EESSEEE® biologicamente e clinicamente

No differences

distinti

COG ACNSS —

R1: FP vs IF

R2: CSI 18*vs 23.4 Gy + CT

EFS 72.1 vs 82.6%

*3-7 anni eta

Jakacki Int J Radiat Biol Phys 2004
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Cancer Cell

From One to Many: Further Refinement
of Medulloblastoma Subtypes
Offers Promise for Personalized Therapy
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http://dx.doi.org/10.1016/j.ccell.2017.05.013




Implicazioni per la RT?
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Cavalli et al. Cancer Cell 2017
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Patient eligible forPNET 5 MB

WNT subgroup*

positive

negative

/

Age <16.0 Age >16.9

PNETSMB-LR

* B-catenin IHC (mandatory),
B-catenin mutation (mandatory) and
monosomy 6 (optional) analysis

PNET 5 MB - SR

Randomisation
| |
Radiotherapy Rddiotherapy alone Radiotherapy + Carboplatin
(18.0 Gy CSI, (23.4 Gy CSI, (23.4 Gy CSI, 54.0 Gy primary
54.0 Gy primary 54.0 Gy primary tumour)
tumour) tumour) 35 mg/m? 5 times/week
(without vincristine) (Without vincristine) (without vincristine)

Maintenance Chemotherapy

ABA_ BAB

Maintenance Chemotherapy

ABA BAB AB

The newest generation of biologically-informed trials (PNET5,

SIJMB12, planned COG study) are evaluating therapy de-
escalation for non-metastatic WNT patients <16y
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Implicazioni per la RT?

« SHH MBL frequently occur in patients harboring
familial syndromes, notably germline mutations
iIn PTCH1 (NBCCS/Gorlin syndrome), TP53 (Li-
Fraumeni syndrome) and SUFU

* One potential option, suggested based on
evidence that patients with germline TP53
mutations are prone to secondary tumors, is the
omission of irradiation

Villani A et al. Lancet Oncol 2011
Archer et al. Neurotherapeutics 2017




A B
4 molecular subgroups of MB SHH subgroup of MB: c Current practice:
Wide variation in patient age and outcomes Avoidance of radiation in young
children based on histopathology

Ai‘f
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12 molecular subtypes: 4 subtypes of $HH subgroup of MB: Potential therapeutic implication:
intertumoral heterogeneity of 4 subgroups of MB Characteristic paffent ages and outcomes Avoidance/reduction of radiation based
i on molecular subtype (SHHy)
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Bavle, Parsons. Cancer Cell 2017
Lassaletta. Lancet Oncol 2018

Robinson et al. Lancet Oncol 2018 (St Jude; RT focale in SR)
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Summary of MB genomic datasets

e any markers of
radiosensitivity?

* biologic parameters also
seem to influence long-

| term neurocognitive

P outcome?2

patients with WNT and
group 4 MBL seem to

Medulloblastoma

G
Genome Epigenome Transcript'ome b e n eflt fro m I I m Itl n g
Saindels: 1=491 (A n-1258  GheeSon  n=o92 d " "
Structural =361 Chromatin —28 Fusion . ra I atl O n eXp OS u re
variants: n= marks: n= transcripts: n =164
Sgnatures: 7= 385 IMoxon-Emre et al. J Clin Oncol 2014

2\Wefel eat al. Lancet Oncol 2016

Northcott et al. Nature 547, 311-317 (2017) do0i:10.1038/nature22973 ->*<-
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Radiogenomica

« Sl ritiene che fattori paziente-dipendents
(soprattutto genetici) siano responsabili di ~80%
della variabilita osservata nella radiosensibilita

e La radiogenomica vuole rispondere alla
domanda: perché alcuni bambini (e/o tumori)
sono piu vulnerabili alla RT?

— Con obiettivo di facilitare una prescrizione
Individualizzata di RT

Andreassen et al. Cancer Lett 2016 ¥
Best et al. Nature Med 2011 (HL & second cancers) "f‘




Imaging funzionale avanzato e BabaRs
radiogenomica

o 11C-methionine PET/3T-MRI ibrida
— ADC, perfusion, DTI, spettroscopia, etc

+ varianti genetiche (x radiosensibilita)

* Nella diagnostica differenziale delle alterazioni
da RT/CT vs recidiva nei tumori cerebrali

F Spreafico et al. Collaborazione con IRCCS HSR Milano & INT
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Retrospective and prospective study of late radiation damages after
focal radiotherapy for childhood brain tumors: to investigate AIRC
correlation between radiation dose distribution, DTI changes and
neurocognitive outcome

To define normal tissue-dose constrains, therefore optimizing
RT planning

To predict severity and time of onset of specific side affects

To design risk-adapted treatment regimen

RT dose superimposed to DTI map Brain parcellization atlas
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Precision radiation oncology

» targeted agents could also impact cellular (DNA)
damage and repair pathways, thereby altering
the dose-response patterns of radiotherapy
(anti-EGFR; anti-ALK)

e Combination?

Bristow et al. Combining precision radiotherapy with molecular targeting and immunomodulatory
agents: a guideline by the American Society for Radiation Oncology. Lancet Oncol 2018

Sharma et al. Clinical development of new drug-radiotherapy combinations. Nat Rev Clin Oncol
2016
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Combination strategies to augment the biological effects of RT
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Anti-invasives
e.g. kinase, chemokine,
integrin inhibitors

Nature Reviews | Clinical Oncology

Sharma, R. A. et. al. (2016) Clinical development of new drug-radiotherapy combinations
Nat. Rev. Clin. Oncol. doi:10.1038/nrclinonc.2016.79 *




Importante

Osservare e descrivere effetti tossicli
Inattesi/inusuali guando RT combinata con
nuove molecole



Brain Magnetic Resonance Imaging after HDT and
RT for childhood brain tumors

Spreafico et al. Int J Radiat Oncol Biol Phys 2008




Combination strategies to augment the biological effects of RT

Sharma, R. A. et. al. (2016) Clinical development of new drug-radiotherapy combinations
Nat. Rev. Clin. Oncol. doi:10.1038/nrclinonc.2016.79



Immuno-radio-oncology

Recente interesse nel combinare immunoterapia/RT

RT ha effetto iImmunomodulante, aumentando
riconoscimento antigenico del tumore

abscopal response?! (effetto anche sulle metastasi)
iImmunoterapia + RT locale: vaccinazione in situ'?

Interazione complessa (RT puo avere anche azione
Immunosoppressiva)

1Golden et al. Lancet Oncol 2015
2Morris et al. Cancer Res 2016
Sharma et al. Nat Rev Clin Oncol 2017



Immuno-radio-oncology

New Engl J Med 2017;14:1065






Overall survival in high-risk neuroblastoma is
Influenced by locoregional tumor control

Robbins JR et al. J Pediatr Surg 2010 (St Jude)
Pai Panandiker AS et al. Int J Radiat Oncol Biol Phys 2010



SIOPEN HR-NB-1 Data presented at ANR 2016

e |Impact on local control?
e Quality does matter!

* Impact on survival to be
analysed

P=0,042

Courtesy, Roberto Luksch Gaze et al. Int J Radiat Oncol Biol Phys 2013
Deviazioni nel 52% dei casi



Linfoma di Hodgkin

« Paradigma della de-escalation dell’uso della RT
(volumi, dosi, indicazione), response-based

— Integrazione con intensita (tossicita) della
chemioterapia

— risposta (quando: precoce? Come: anatomica o
metabolica?)



low-Intermediate risk HL

1970

Terapia come adulti
‘total nodal’
‘extended-field’
35-44 Gy

CT

Secondi tumori
Cardiotossicita
Sterilita



low-Intermediate risk HL

Donaldson (Stanford) (55 pz)
riduzione dose RT per eta
15-25 Gy ( boost) modified-IF + MOPP

\
( \

1970 1983 1990 2000
\ )
|
Terapia come adulti Stanford/Dana-Farber/St. Jude (110 pz)
‘total nodal’ response-based IF
‘extended-field’ 15 Gy se RC dopo VAMP x2 vs 25.5
35-44 Gy OS/EFS 99/93%
CT




low-Intermediate risk HL

GPOH-HD95 (random, 925 pz)
NO RT se anatomic RC dopo OEPA-COPP
20-30-35 Gy IFRT se RP

OK solo nel rischio standard
(Dorffel JCO 2013)

A
( \
1995 2001

1998
\ )

|

CCG 5942 (random, 829 pz)

R 21 Gy IFvs NO RT

RC (anatomica) dopo COPP/ABV
EFS 91% vs 82%

Studio chiuso! (ma CT meno intensal)
Nachman JCO 2002; Wolden et al. JCO 2012



low-Intermediate risk HL

COG AHODO0031 (random, 1712 pz)
Rapid early (vs late) + complete RC (TC+PET)!
R 21 Gy IFRT vs NO RT
EFS 88% vs 84%
CT piu intensa (ABVE-PC)
| Friedman et al. JCO 2014
r \

2002 2009

20\00 2}009
|
St Jude-Stanford-Dana Farber Consortium
Se early (dopo 2 cicli VAMP) anatomic + metabolic response
NO RT (25.5 Gy IF agli altri pz)

Stessa 5-y EFS

EFS 91% vs 82%
Metzger et al. JAMA 2012




RMS

Il controllo locale (chirurgia e/o RT) e
fondamentale

Maggior sede di recidiva e loco-regionale

Quando la RT e stata omessa si e osservato un
aumento di recidive

Datl che correlano violazione delle indicazioni
(RT) con maggior rischio recidiva



RMS

 RT is delivered with doses generally ranging
between 40-55 Gy, depending on:
— patientAgiage
— tumor size and site
— response to primary chemotherapy
— histology (fusion genes?)
— extent of residual tumor after surgery

 Timing: it is generally accepted that RT should be
given within the 12t week from the start of the
treatment (exception: COG starts irradiation at the
15t week for parameningeal RMS)



Use of RT

IRSG (USA) 93%
ICG (I) 76%
CWS (D) 70%

SIOP MMT (F, UK)  37%

q
J Clin Oncol 19:197-204. © 2001 by American
Society of Clinical Oncology.
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q
J Clin Oncol 19:197-204. © 2001 by American
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Use of RT B Survivors who had NOT received RT

IRSG (USA)

ICG (1)

CWS (D)
SIOP MMT (F, UK)

93%
76%
70%
37%

q
J Clin Oncol 19:197-204. © 2001 by American

Society of Clinical Oncology.

IRSG (USA)

ICG (1)

CWS (D)
SIOP MMT (F, UK)

6%
7%
20%
41%



Metodologia di studio

Fase/scopo della RT End points

e neo-adiuvante ? EFS

e adiuvante ? OS

o definitiva ? Progression-free interval
« alla recidiva ? Long term toxicity

e palliativa

e Timing
« Selezione del pazienti
« Evitare bias



condivisione

e Importanza di ottimizzare la RT nel contesto di
protocolli clinici controllat

« Come ottenere evidenza di qualita?

 |a qualita della RT puo influenzare I'outcome del
paziente

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

1ILoon van et al. Evaluation of novel radiotherapy technologies: what evidence is needed to
assess their clinical and cost effectiveness, and how should we get it. Lancet Oncol 2012
Jones. Lancet Oncol 2016

Ramaswamy and Bouffet. Lancet Oncol 2016; English et al. Lancet Oncol 2016
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DIPG & RT

Phase Il, randomizzato (nimotuzumab+VNB+RT); Pl M Massimino
Re-RT alla recidiva + piu cicli di RT elettivi



