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  E&P	
  2008	
  
I	
  tumori	
  in	
  FVG	
  1995-­‐2005,	
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  Regionale	
  Sanità	
  
SEER	
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  15-­‐29	
  Years-­‐Old	
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  2012	
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Age	
  	
  	
  0-­‐14	
  years:	
  164	
  cases/million/years	
  (≈	
  1380	
  new	
  cases)	
  
	
  Age	
  15-­‐19	
  years:	
  269	
  cases/million/years	
  (≈	
  	
  	
  804	
  new	
  cases)	
  
	
  Age	
  20-­‐24	
  years:	
  352	
  cases/million/years	
  (≈	
  1096	
  new	
  cases)	
  
	
  Age	
  25-­‐29	
  years:	
  547	
  cases/million/years	
  (≈	
  1944	
  new	
  cases)	
  	
  

Distribu-on	
  of	
  malignant	
  disease	
  by	
  age	
  

Incidence	
  pediatric	
  and	
  AYA	
  tumors	
  



Incidence	
  and	
  epidemiology	
  
• 6%-­‐7%	
  of	
  all	
  tumors	
  in	
  childhood	
  
• ≈70-­‐80	
  pts/year	
  in	
  Italy	
  	
  
• Ra-o	
  between	
  O/E	
  0,76:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  →	
  0,95	
  0-­‐14	
  years	
  

	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  →0,42	
  15-­‐19	
  years	
  

Epidemiol Prev 2013; 37 (1) suppl 1: 1-296 
K Pritchard Jones, C4K 3025, 2012 
	
  

RMS
SS
pPNET
MPSNT
FS
Others

<1y	
  
4%	
  

Age	
  and	
  median	
  age	
  at	
  diagnosis	
  (years)	
  

1-­‐4y	
  
34%	
  

5-­‐9y	
  
25%	
  

10-­‐14y	
  
22%	
  

15-­‐21y	
  
15%	
  



Pediatric	
  Cancer	
  1989-­‐1998	
  
Number	
  of	
  Annual	
  Cases	
  -­‐	
  AIEOP	
  Registry	
  

☻	
  

Modified	
  from:	
  
Pession	
  A.	
  et	
  al.	
  AIEOP	
  study,	
  E	
  J	
  	
  Cancer	
  4	
  4	
  (	
  2	
  0	
  0	
  8	
  )	
  1	
  2	
  8	
  2	
  –1	
  2	
  8	
  9	
  

Pediatric	
  Cancer	
  (0-­‐14	
  years)	
  
Number	
  of	
  Annual	
  Cases	
  -­‐	
  AIEOP	
  Registry	
  
(1079	
  pts:	
  75%	
  of	
  all	
  naHonal	
  childhood	
  cancer)	
  
	
  
5-­‐Year	
  Overall	
  Survival	
  %	
  

☻	
  Frontline	
  Radiotherapy	
  
≈	
  350-­‐400	
  cases	
  
≈	
  85	
  sarcoma	
  (soP	
  Hssue	
  +	
  bone)	
  

☻	
  
☻	
  
☻	
  
☻	
  
☻	
  
☻	
  

77%	
  

65%	
  

91%	
  HD	
  

64%	
  

92%	
  

58%	
  

64%	
  

87%	
  

59%	
  



RMS,	
  Primary	
  sites	
  distribu-on	
  

Ferrari	
  A,	
  Oncopedia	
  2010	
  

5	
  years	
  OS	
  

Parates-cular	
  –	
  vagina	
   90-­‐95%	
  

Orbit	
   85-­‐90%	
  

Bladder	
  Prostate	
   75-­‐80%	
  

Head	
  &	
  Neck	
  non	
  PM	
   75-­‐85%	
  

Para	
  Meningeal	
   40-­‐70%	
  

Others	
   60-­‐65%	
  

Extremity	
   55%	
  

Survival by primary site 



RMS,	
  Pathology	
  and	
  Subtypes	
  

§ Embrional	
  RMS	
  (resembling	
  embrional	
  muscle)	
  
A.	
  Botryoid	
  
B.	
  Spindle	
  cell	
  
C.	
  Typical	
  
D.	
  AnaplasHc	
  

§ Alveolar	
  RMS	
  (resembling	
  pulmonary	
  alveoli)	
  
A.	
  Typical	
  
B.	
  Solid	
  
	
  
	
  
	
  
	
  
	
  

	
  

§ Pleiomorphic	
  RMS	
  (adults)	
  

ü Less	
  common	
  
ü Older	
  children	
  
ü Worse	
  prognosis	
  
ü Very	
  rare	
  in	
  GU	
  tumours	
  
ü Fusion	
  gene	
  pathognomonic	
  
(PAX/FOX01	
  fusion	
  gene)	
  

ü More	
  common	
  
ü Younger	
  children	
  
ü Be3er	
  prognosis	
  



Pathology,	
  Site	
  and	
  Clinical	
  Stage	
  

Stevens	
  MCG,	
  Lancet	
  Oncology	
  2005	
  

SITE	
  and	
  clinical	
  stage	
  

Histology	
  and	
  site	
  



RMS,	
  Pathology	
  and	
  Survival	
  

Stevens	
  MCG,	
  Lancet	
  Oncology	
  2005	
  

Effect of alveolar pathology on survival 



RMS,	
  Alveolar	
  Subtypes	
  and	
  Fusion	
  Gene	
  ±	
  



RMS,	
  Therapy	
  
§ “primary	
  surgery”	
  –	
  only	
  if	
  easily	
  removable	
  
ü e.g.	
  paratesHcular	
  (NB:	
  inguinal	
  approach),	
  	
  
ü not	
  in	
  orbital	
  disease,	
  majority	
  children	
  have	
  biopsies	
  only	
  

AVOID	
  MUTILATING	
  SURGERY	
  at	
  diagnosis	
  

§ chemotherapy	
  

§ “delayed	
  resec-on”	
  according	
  to	
  response	
  
ü Responding	
  tumours	
  can	
  remain	
  in	
  situ	
  for	
  longer	
  
ü Non-­‐responding	
  tumours	
  need	
  earlier	
  local	
  therapy	
  –	
  Surgery	
  or	
  RT	
  

§ radiotherapy	
  

§ high	
  dose	
  therapy	
  	
  ?	
  no	
  role	
  ?	
  



RMS,	
  Prognos-c	
  factors	
  &	
  Risk	
  adapted	
  RT	
  

•	
  histology	
  (RMSa)	
  
•	
  size	
  (>5cm)	
  
•	
  site	
  (limb,	
  PM)	
  
•	
  stage	
  (IRS	
  II,	
  III,	
  N1)	
  
•	
  Biology	
  (PAX/FOX1)	
  

TUMOR	
  
•	
  Surgery	
  
-ming	
  

•	
  modality	
  
•	
  response	
  

TREATMENT	
  

•	
  age	
  (<1;	
  >10	
  y)	
  
PATIENT	
  

RISK	
  ADAPTED	
  
RADIOTHERAPY	
  

Endocrine	
  	
  
late	
  effects	
  

Secondary	
  
cancer	
  Age	
   Organ	
  

dysfunc-on	
  
Esthe-c	
  /	
  growing	
  	
  

damages	
  
Infer-lity	
  

IRS IV 
IRS III 
IRS II 
IRS I 



RMS,	
  Surgery	
  

§ Complete	
  tumour	
  removal	
  is	
  the	
  goal	
  of	
  
surgical	
  resecHon.	
  
§ Organ	
  preserva-on	
  is	
  also	
  a	
  primary	
  aim	
  in	
  this	
  
paediatric	
  populaHon.	
  

Stevens	
  MCG,	
  Lancet	
  Oncology	
  2005	
  

14%

12%
72%

Primary	
  Complete	
  
Resection	
  (IRS	
  I)
Microscopical	
  Residual	
  
Disease	
  (IRS	
  II)
Macroscopic	
  Residual	
  
Disease	
  (IRS	
  III)

Post	
  surgical	
  stage	
  

Stevens	
  MCG,	
  Lancet	
  Oncology	
  2005	
  



RMS,	
  Surgery	
  
§ The	
  persistence	
  of	
  radiographic	
  masses	
  at	
  the	
  end	
  of	
  RMS	
  
therapy	
  is	
  well	
  known,	
  but	
  their	
  biologic	
  poten-al	
  is	
  uncertain.	
  

§ Only	
  50%	
  of	
  pathologic	
  specimens	
  from	
  end	
  of	
  therapy	
  masses	
  
among	
  parHcipants	
  with	
  a	
  best	
  response	
  of	
  PR/NR	
  
demonstrated	
  viable	
  tumor.	
  

ResecHon	
  compared	
  with	
  biopsy	
  Complete	
  Response	
  	
  at	
  the	
  end	
  	
  of	
  therapy	
  
compared	
  with	
  PR/NR	
  

IRS	
  IV:	
  419	
  pts	
  Group	
  III	
  



RMS,	
  Surgery,	
  Extremity,	
  Nodal	
  involvement	
  

§ Pa-ents	
  who	
  underwent	
  lymph	
  
node	
  sampling	
  and/or	
  RT	
  to	
  the	
  
intransit	
  nodal	
  sites	
  had	
  a	
  slightly	
  
lower	
  risk	
  of	
  in-­‐transit	
  failure	
  (0%	
  
vs	
  15%).	
  	
  

§ PaHents	
  should	
  received	
  
complete	
  and	
  accurate	
  nodal	
  
staging	
  to	
  guide	
  treatment,	
  
which	
  should	
  include	
  RT	
  to	
  any	
  
involved	
  regional	
  nodal	
  site.	
  

IJROBP  80, 2011 



RMS,	
  Chemotherapy	
  

§ CombinaHons	
  of	
  VCR,	
  Act-­‐D,	
  EDX	
  the	
  mainstay	
  of	
  CT	
  in	
  US	
  (VAC)	
  
§ IFO	
  was	
  introduced	
  in	
  Europe	
  (VAI)	
  
§ IRS	
  IV	
  no	
  differences	
  between	
  EDX	
  and	
  IFO	
  regimens	
  
§ IFO	
  poten-ally	
  nephrotoxic	
  (risk	
  is	
  small	
  below	
  60g/m2)	
  
§ IFO	
  fewer	
  gonadal	
  toxic	
  effects	
  (?)	
  

§ Anthracycline:	
  	
  	
  
ü IRS	
  no	
  benefit	
  
ü Europe:	
  EpSSG:	
  main	
  quesHon	
  in	
  HR	
  paHents	
  (IVA	
  vs	
  IVADo)	
  

§ The	
  op-mum	
  dura-on	
  of	
  adjuvant	
  CT	
  is	
  sHll	
  unknown	
  
	
   	
  	
  	
  	
  	
  (Europe	
  “shorter”	
  than	
  USA)	
  
	
  



RMS,	
  Chemotherapy	
  

EFS Surv 



Approaches	
  to	
  local	
  control	
  

RMS,	
  radiotherapy	
  

§ Brachytherapy	
  

§ External	
  Beam	
  RadiaHon	
  
M Krasin SJCH 



RMS,	
  radiotherapy	
  

Tumors	
  that	
  remain	
  unresectable	
  aPer	
  CT,	
  or	
  that	
  have	
  been	
  
incompletely	
  resected	
  by	
  second	
  Surgery	
  aPer	
  iniHal	
  CT,	
  are	
  
mostly	
  treated	
  with	
  radiaHon.	
  
	
  
	
  IRS1:	
  embrional	
  	
  →	
  no	
  RT	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  alveolar	
  →	
  RT	
  
	
  
	
  IRS2:	
  most	
  groups	
  recommend	
  RT	
  	
  
	
  	
  
	
  IRS3:	
  IRS3	
  with	
  CR	
  arer	
  CT→	
  RT?	
  	
  
The	
  response	
  by	
  CT	
  is	
  sufficient	
  to	
  ensure	
  local	
  control?	
  	
  
Depending	
  by	
  primary	
  tumor	
  site(GU	
  no	
  BP;	
  H&N	
  no	
  PM;	
  orbit)	
  
	
  
Others	
  IRS3→RT	
  



RMS,	
  radiotherapy,	
  reduce	
  dose	
  

Reduced-­‐dose	
  radiotherapy	
  (36Gy)	
  does	
  not	
  
compromise	
  local	
  control	
  for	
  paHents	
  with	
  
microscopic	
  tumor	
  arer	
  surgical	
  resec-on	
  or	
  with	
  
orbital	
  primary	
  tumors	
  when…….	
  
	
  
Cyclophosphamide	
  (0%	
  LR	
  vs	
  15%)	
  is	
  added	
  to	
  the	
  
treatment	
  program.	
  	
  

IJROBP  83, 2012 



RMS,	
  radiotherapy,	
  Hyperfrac-ona-on	
  

Group	
  III	
  (randomiza-on):	
  
• 239	
  pts	
  HFRT	
  (59.4	
  Gy	
  in	
  54,	
  	
  1.1-­‐Gy	
  twice	
  daily	
  fracHons)*	
  	
  
• 251	
  pts	
  CFRT	
  (50.4	
  Gy	
  in	
  28,	
  	
  1.8-­‐Gy	
  daily	
  fracHons)	
  

*Parameningeal	
  	
  RMS	
  had	
  lower	
  survival	
  with	
  HFRT	
  



RMS,	
  radiotherapy,	
  	
  
Accelerated	
  Hyperfrac-onated	
  

Anni	
  1979-­‐2005.	
  	
  
1015	
  pazienH	
  con	
  RMS	
  (centri	
  AIEOP)	
  
	
  
La	
  RT	
  iperfrazionata	
  accelerata	
  (32	
  o	
  48Gy/	
  1.6Gy	
  x	
  fraz),	
  
come	
  erogata	
  nei	
  protocolli	
  RMS88	
  e	
  RMS96,	
  	
  
non	
  ha	
  migliorato	
  il	
  controllo	
  locale	
  o	
  la	
  sopravvivenza.	
  

AIRO 
2013 



RMS,	
  radiotherapy	
  adherence	
  

ü The	
  opera-ve	
  bed	
  recurrence	
  rate	
  for	
  Group	
  II	
  
paHents	
  treated	
  on	
  IRS	
  I–IV	
  was	
  12%	
  (83/695	
  pts).	
  	
  

ü 70%	
  compliance	
  with	
  RT	
  protocol	
  guidelines	
  

ü More	
  than	
  half	
  (57%)	
  of	
  the	
  Group	
  II	
  pa-ents	
  with	
  
an	
  opera-ve	
  bed	
  recurrence	
  have	
  a	
  RT	
  devia-on.	
  

ü Of	
  the	
  83	
  paHents	
  with	
  operaHve	
  bed	
  recurrence,	
  63	
  
(76%)	
  died.	
  

IJROBP  80, 2011 



RMS,	
  radiotherapy,	
  IMRT	
  in	
  H&N	
  tumors	
  

Intensity modulated radiotherapy for head  
and neck rhabdomyosarcoma 
Suzanne L. Wolden et al, Memorial Sloan-Kettering, New York 
 
 

… showed excellent local control can be 
maintained with the use of decrease margin 
using IMRT for Head and Neck tumors 
 
 
3 years FFP 95% locally 

       80% nodal 

IJROBP  61, 2005 



RMS,	
  radiotherapy,	
  3DRT	
  vs	
  IMRT	
  

Chi	
  Lin	
  et	
  al,	
  IJROBP	
  2012	
  

IMRT	
  improved	
  the	
  target	
  dose	
  coverage	
  compared	
  with	
  3D-­‐CRT,	
  although	
  
an	
  improvement	
  in	
  locoregional	
  control	
  or	
  FFS	
  could	
  not	
  be	
  demonstrated	
  
in	
  this	
  populaHon.	
  

CumulaHve	
  incidence	
  of	
  failure	
  of	
  locoregional	
  control	
  



RMS,	
  radiotherapy	
  for	
  very	
  young	
  children	
  

IJROBP  65, 2006 

§ A	
  reduced	
  dose	
  of	
  36-­‐Gy	
  EBRT	
  arer	
  delayed	
  gross	
  
total	
  resec-on	
  may	
  maximize	
  local	
  control,	
  	
  
§ Unresectable	
  tumors	
  (e.g.,	
  parameningeal)	
  require	
  
higher	
  doses.	
  
§ Normal-­‐-ssue-­‐sparing	
  techniques	
  such	
  as	
  IMRT	
  and	
  
IOHDR	
  are	
  encouraged.	
  



RMS,	
  radiotherapy	
  -ming	
  
§ Timing	
  of	
  radiotherapy	
  s-ll	
  being	
  evaluted	
  
§ For	
  parameningeal	
  cases	
  (including	
  intracranial	
  
extension)	
  early	
  RT	
  	
  (week	
  3-­‐4)	
  
§ For	
  others:	
  week	
  12-­‐13	
  

IJROBP  87, 2013 

RT week 12 

RT week 0 

No risk features 
Cranial nerve palsy 
Base of skull erosion 

ns 



Proton	
  Therapy	
  
POINT/COUNTERPOINT 
Pediatric medulloblastoma: Is proton beam the only  
ethically appropriate radiation reatment? 
Anthony Zietman, MD, FASTRO, Editor in Chief IJROBP 
 
… “spiritual core” of all we do as radiation oncologist: its pits the ideal against the 
pragmatic, the dosimetry against the clinical data, and one form of high 
technology against another. 

IJROBP 87, 2013 

Pediatric CSI: Are Protons the Only Ethical Approach? 
Peter A.S. Johnstone et al., Indiana University Proton Therapy Center 
 
… proton beam is the only ethical approach. 
… to treat children we need expertise.  
“Expertise”  in this case is really center expertise, not simply the physician. 

Protons for Craniospinal Radiation: Are Clinical Data Important? 
Suzanne L. Wolden, Memorial Sloan-Kettering, New York 
 
… there is not sufficient clinical data to argue that proton therapy is the only 
acceptable treatment.  





§ Survival	
  depends	
  on	
  risk	
  group.	
  
§ Histology	
  and	
  staging	
  work-­‐up	
  are	
  essenHal	
  prior	
  to	
  
starHng	
  therapy.	
  

§ The	
  treatment	
  is	
  mul-disciplinary	
  	
  to	
  maximize	
  local	
  
control	
  and	
  minimize	
  morbidity.	
  

§ CT	
  is	
  an	
  essen-al	
  component	
  of	
  therapy	
  for	
  RMS	
  
along	
  with	
  surgery	
  and/or	
  RT	
  for	
  local	
  control.	
  	
  

§ Almost	
  all	
  our	
  decision	
  are	
  nuanced	
  and	
  difficult,	
  
some	
  of	
  them	
  extremely	
  so.	
  

§ We	
  have	
  to	
  know	
  not	
  only	
  the	
  history	
  of	
  disease,	
  but	
  
we	
  have	
  to	
  imagine	
  that	
  one	
  day	
  this	
  child	
  will	
  
become	
  an	
  adult.	
  

	
  RMS,	
  Conclusion	
  




