
DICHIARAZIONE	

Relatore:	Giudi.a	Chiloiro	

		Come	da	nuova	regolamentazione	della	Commissione	Nazionale	per	la	Formazione	Con:nua	del		Ministero	della	Salute,	è	richiesta	la	trasparenza	
delle	fon:	di	finanziamento	e	dei	rappor:	con	soggeB	portatori	di	interessi	commerciali	in	campo	sanitario.		

• 		Posizione	di	dipendente	in	aziende	con	interessi	commerciali	in	campo	sanitario	(NIENTE	DA	DICHIARARE)	

• 		Consulenza	ad	aziende	con	interessi	commerciali	in	campo	sanitario	(Varian	Medical	Systems)	

• 		Fondi	per	la	ricerca	da	aziende	con	interessi	commerciali	in	campo	sanitario	(NIENTE	DA	DICHIARARE)	

• 		Partecipazione	ad	Advisory	Board	(NIENTE	DA	DICHIARARE	/	NOME	AZIENDA)	

• 		Titolarietà	di	breveB	in	compartecipazione	ad	aziende	con	interessi	commerciali	in	campo	sanitario	(NIENTE	DA	DICHIARARE)	

• 		Partecipazioni	azionarie	in	aziende	con	interessi	commerciali	in	campo	sanitario	(NIENTE	DA	DICHIARARE)	

• 		Altro	



Ipofrazionamento:		
standard	terapeuEco	e	ricerca	

Giudi.a	Chiloiro	



IPOFRAZIONAMENTO		
Tra.amento	radioterapico	che	prevede	l’u:lizzo	
di	 dosi	 per	 frazione	 maggiori	 di	 2	 Gy	 con	 una	
riduzione	del	numero	di	applicazioni		

Ipofrazionato	3D/
IMRT	

SIB/IMRT	

IORT	

BRT	

SBRT	



Scoring	Criteria	



Scoring	Criteria	

• 		
		
• IF	(cut	off	5)	



	
	
	

HypofracEonated		
3D	RT/IMRT	



Ipofrazionato	
3D/IMRT:	
Level	1b		
IF:	20.982	

ReVo	

Folkesson	J,	JCO	2005	

Short	ERT	(Pre	
TME	era)	

Swedish	trial	 Short	RT+	no	TME	sugery	vs	no	TME	surgery	

Short	course	RT:	pre	TME	

LR	
p	.0003	

OS	
p	.008	

SCRT	



Short	ERT	
Short	RT+	TME	vs	TME		Dutch	Trial	

MRC	C07	 Short	RT+	TME	vs	TME	

Ipofrazionato	
3D/IMRT:	
Level	1b		
IF:	44	

ReVo	

Short	course	RT:	TME	era	

5% 

11% 

5% 

12% 

LR	
p	.0001	

LR	
p	.0001	

SCRT	

SCRT	



Short	vs	Long		
ERT	

Short	RT	vs	Chemo	RT	Polish	Trial	

TROG	Trial	 Short	RT	vs	Chemo	RT	

Ipofrazionato	
3D/IMRT:	
Level	2b	
IF:	5.596	
IF:	20.982	

ReVo	

Short	course	RT:	SC	vs	LC	RT	

5% 

8% 16% 

11% 

Bujko,	BJS	2006,	Ngan,	JCO	2012	

5% 

8% 



Male	Sessual	DisfuncEon	

Good	

Worse	

Surgical	
impairment	

Short	course	RT:	toxicity	
Ipofrazionato	
3D/IMRT:	
Level	1b		
IF:	20.982	

ReVo	

Stephens	RJ	et	Al		JCO	2010	



Ipofrazionato	
3D/IMRT	

ReVo	

Van	de	Velde	G	et	Al,	EJC,2013		



Ipofrazionato	
3D/IMRT:	

ReVo	

Van	de	Velde	G	et	Al,	EJC,2013		



SCRT:	delayed	surgery	

•  Stockholm	III	phase	III	trial	(interim	analysis):		
•  same	surgery	complica:on	than	CRT,	less	than	
SCRT	immediate	surgery	

•  SCRT	phase	II	trial	(112	pts):		
•  ypT0-2:	29.4%	vs	11.9%	at	diagnosis	
•  ypN0:	63.6%	vs	45.8%		at	diagnosis		
•  ypCR:	8%	

      Pettersson D et al Br J Surg 2010, Pettersson D et al Br J Surg 2012 

ReVo	 Ipofrazionato	
3D/IMRT:	
Level	2b	
IF:	5.596		



SCRT	and	CT	in	the	pause:		
unresectable	tumor	

ReVo	 Ipofrazionato	
3D/IMRT:	
Level	1b		
IF:	9.269	

Bujko K et al. Ann Oncol 2016 

515	pzà	 	-R0:	71%	(CRT)	to	77%(SC	RT)	
	 	-pCR:	12%	(CRT)	to	16%	(SC	RT)	
	 	-3yrs	OS:	65%	(CRT)	to	73%	(SC	RT)	



ReVo	 Ipofrazionato	
3D/IMRT	

SCRT	and	CT:	ongoing	trial	



SIB/VMAT	



RT	dose-response	model	T3/T4	RC		

Appelt	AL	et	Al,	IJROBP	2013	

Aber	preoperaEve	RT	

TRG	1:	
D50	=	92	Gy	

TRG	1-2:	
D50	=	72	Gy	



ReVo	 3D-	BOOST:	
Level	2b	
IF	4.258	

3	yrs:	
82%	

86%	
69%	



Boost	RT	modaliEes	
SequenEal	boost	RT:		1.8Gy/	fr	RT	for	pelvic	followed	by	1.8	Gy/	fr	RT	for	boost	volume	.	

Authors	 Nr	pts	 TD	(Gy)	 RT	Scheduling	

Chen,	1994	 31	 55.8	 25x1.8	Gy	+	6x1.8Gy	boost		

Mohiuddin,	2000	 15	vs	18	 45-50.4	vs		
55.8-59.4	

25x1.8	Gy	+	0	to	3x1.8	Gy	boost	
25x1.8	Gy	+	6	to	8x1.8	Gy	boost		

Standard	fracEonated	RT	for	pelvic	field	followed	by	hyperfracEonated	RT	for	boost	volume	(twice	daily)	

Movsas,	1998	 11vs	9	vs	7	 54.6	vs		57	vs	
61.8	

25x1.8	Gy	+	8/10/14x1.2Gy	boost	(twice	daily)	

Movas	2006	 22	 61.8	 25x1.8	Gy	+	14x1.2	Gy	boost	(twice	daily)	

HyperfracEonated	RT	for	pelvic	field	followed	by	hyperfracEonated	RT	for	boost	volume	(twice	daily)		

Allal,	2002	 50	 50	 36x1.25	Gy	(2	daily)	+	4x1.25	Gy	boost	(twice	daily)	

Mohiuddin,	2006	 50	 55.2-60	 38x1.2Gy	(twice	daily)	+	8	to	12x1.2	Gy	boost	(twice	daily)	

Simultaneous	integrated	boost	delivered	to	boost	volume	during	RT	pelvic	field	

Myerson,	2001	 37	 49.5-55	 25x1.8	Gy	+	simultaneous	boost:	5	to	10x0.9	Gy	(once	or	
twice	a	week)	

De	Ridder,	2007	 13	 55.2	 23x2Gy	+	simultaneous	boost:	23x0.4Gy		(once	daily)	

Standard	fracEonated	RT	for	pelvic	with	conc	boost	delivered	during	last	week(s)	RT	pelvic	field		

Janjan,	2000	 45	 52.5	 25x1.8	Gy	+	5x1.5	Gy		conc	boost	to	last	week	pelvic	RT	

Krishnan,	2006	 54	 52.5	 25x1.8	Gy	+	5x1.5	Gy	conc	boosto	last	week	pelvic	RT	



Concomitant	boost	dose	intensificaEon	

Valen:ni	V	et	al,	ESTRO	33,	2014	

ReVo	 3D-	BOOST:	
Level	1b	



Preliminary	results	

Valen:ni	V	et	al,	ESTRO	33,	2014	

ReVo	 3D-	BOOST:	
STANDARD	

TOX	



Phase	II	studies	

Dose:		 	CTV2	(mesorectum	and	
pelvic	lymph	nodes)	=	45	
Gy	/1.8	Gy	
	CTV1	(concomitant	boost	)	
on	GTV	+	2-cm	margin=	
57.5	Gy/2.3	Gy	

Concomitant	CT:			XELOX	
	
Primary	outcome:			pCRà	4/18	

	pT0-Tmic:	
11/18	=	61.1%	

CTCAE	3.0	Tox:										≥G3à44.4%	

ReVo	 SIB-IMRT:	
Level	2b	
IF	3.090	

ONGOING	
Phase	II		study	

Picardi	V,	Clin	Colorectal	Cancer	2016		



StereotacEc	
Radiotherapy	



SBRT:	
Level	3a	
IF:	6.163		

Fegato:	M+		

Dawood	O	et	al.	Eur	J	Cancer		2009		



SBRT:	
Level	2b	

Fegato:	M+	

Author	 Nr	pts	 SBRT	schedule	

Blomgren	1998	 21	 30	Gy/10fr	

Herfarth	2001	 56	 14-26	Gy/1	fr	

Fuss	2004	 17	 36	Gy/3-6	fr	

Schemer	2005	 18	 36-66Gy/	3	fr	

Wulf	2006	 34	 21-36	Gy/1-3	fr	

Mendez-Romero	2006	 25	 25-37.5Gy/3-5	fr	

Hoyer	2006	 64	 45Gy/3fr	

Lee	2009	 68	 27-60Gy/6fr	

Ambrosino	2009	 27	 25-60Gy/	3fr	

Goodman	2009	 19	 18-30Gy/	1fr	

Van	der	Pool	2010	 20	 37.5Gy/	3fr	

Dewas	2012		 99	 36-48Gy/	3fr	

Fumagalli	2012	 113	 45Gy/3fr	



SBRT:	
Level	2b	

Fegato:	HCC	

SBRT	in	HCC	
Author	 Nr	pts	 SBRT	schedule	

Blomgren	1998	 20	 30	Gy/10fr	

Herfarth	2001	 4	 14-26	Gy/1	fr	

Fuss	2004	 1	 36	Gy/3-6	fr	

Wulf	2006	 5	 21-36	Gy/1-3	fr	

Mendez-Romero	2006	 11	 25-37.5Gy/3-5	fr	

Tse	2008	 31	 24-54Gy/6fr	

Goodman	2009	 7	 18-30Gy/	1fr	

Cardenas	2010	 17	 36-	48Gy/	3fr	

Dewas	2012		 48	 36-48Gy/	3fr	

Mancuso	2012	 11	 75Gy/3fr	

Bujold	2013	 102	 24-54Gy/6fr	

Sanuki	2014	 221	 35-40Gy/5fr	



SBRT:	
STANDARD	

Fegato:	HCC	

SBRT	in	HCC	



SBRT:	
STANDARD	

Fegato:	HCC	



Dose	intensificaEon	

•  Advanced/	unresectable	lesions:	
– Dose	>	54	Gy	should	be	consider	

SBRT	Pancreas	

≥54Gy	

<54Gy	

Golden	D,	Radia%on	Oncology	2012	



CTV	definiEon	

SBRT	Pancreas	

•  Advanced/	unresectable	lesions:	
– Elec:ve	Nodal	Irradia:on	(ENI)àNO	OS	benefit	
–  Involved	GTV	à	reduc:on	of	volumeà	reduc:on	
toxici:es		

Murphy	JD,	IJROBP	2007	



Author	 Nr	pts	 SBRT	Schedule	 EQD2	 LC	
Tozzi	et	al.	2013	 30	 7.5Gyx6	 70Gy	 2	yrs:	75%	
Rwingema	et	al	2011	 71	 18-25Gyx1	

8Gyx3	
46.8/82.5Gy	
38.4Gy	

1yrs:	38%	

Chang	et	al	2009	 77	 25Gyx1	 82.5	Gy	 1yrs:	84%	
Gurka	et	al	2013	 11	 25Gyx5	 32.5Gy	 81%	
Rajagopalon	et	al	2013	 12	 24Gyx1	

12Gyx3	
76.8Gy	
72Gy	

NR	

ScorseB	et	al	2011	 37	 45Gy/6fr	 69.75Gy	 6	mts:	79,2%	

Lominska	et	al	2012	 28	 Various	schemes	 NA	 1	yrs:	70%	

Schellenberg		et	al	2012	
	

16	 25Gy	x	1	 82.5Gy	 81%	

Goyal	et	al	2010	 19	 20-25Gy	x	1	
24-30Gy/8-10Gy	

56-82.5Gy	
38.4-54Gy	

81%	

Koong		et	al	2005	 16	 25Gy	x	1	 82.5Gy	 94%	

SBRT:	
Level	2a	IF:	5.98	

Pancreas	

De	Bari	B,	Cri:cal	Reviews	in	Oncology/Hematology	2016	



Author	 Nr	pts	 SBRT	Schedule	 EQD2	 LC	
Tozzi	et	al.	2013	 30	 7.5Gyx6	 70Gy	 2	yrs:	75%	
Rwingema	et	al	2011	 71	 18-25Gyx1	

8Gyx3	
46.8/82.5Gy	
38.4Gy	

1yrs:	38%	

Chang	et	al	2009	 77	 25Gyx1	 82.5	Gy	 1yrs:	84%	
Gurka	et	al	2013	 11	 25Gyx5	 32.5Gy	 81%	
Rajagopalon	et	al	2013	 12	 24Gyx1	

12Gyx3	
76.8Gy	
72Gy	

NR	

ScorseB	et	al	2011	 37	 45Gy/6fr	 69.75Gy	 6	mts:	79,2%	

Lominska	et	al	2012	 28	 Various	schemes	 NA	 1	yrs:	70%	

Schellenberg		et	al	2012	
	

16	 25Gy	x	1	 82.5Gy	 81%	

Goyal	et	al	2010	 19	 20-25Gy	x	1	
24-30Gy/8-10Gy	

56-82.5Gy	
38.4-54Gy	

81%	

Koong		et	al	2005	 16	 25Gy	x	1	 82.5Gy	 94%	

Pancreas	

LC:	
	1	year	59%	to	94%	

De	Bari	B,	Cri:cal	Reviews	in	Oncology/Hematology	2016	

SBRT:	
Level	2a	IF:	5.98	



Author	 Nr	pts	 SBRT	Schedule	 EQD2	 Toxicity	G3	
Tozzi	et	al.	2013	 30	 7.5Gyx6	 70Gy	 NR	
Rwingema	et	al	2011	 71	 18-25Gyx1		

8Gyx3	
46.8/82.5Gy	
38.4Gy	

G3		nausea	1pt	
G3		GI	1pt	
G5	GIparesis	1	pt	

Chang	et	al	2009	 77	 25Gyx1	 82.5	Gy	 NR	
Gurka	et	al	2013	 11	 25Gyx5	 32.5Gy	 NR	
Rajagopalon	et	al	2013	 12	 24Gyx1/	12Gyx3	 76.8Gy/72Gy	 NR	
ScorseB	et	al	2011	 37	 45Gy/6fr	 69.75Gy	 Late	G3GI	4,2%	

Lominska	et	al	2012	 28	 Various	schemes	 NA	 Late	G3GI		7.14%	

Schellenberg		et	al	2012	 16	 25Gy	x	1	 82.5Gy	 Acute≥	G2GI		19%	
Late≥	G2GI		47%	

Goyal	et	al	2010	 19	 20-25Gy	x	1	
24-30Gy/8-10Gy	

56-82.5Gy	
38.4-54Gy	

G3		GI	>	16%	

Koong		et	al	2005	 16	 25Gy	x	1	 82.5Gy	 Acute	G3GI	12.5%	

Pancreas	

Acute	G3	GI	tox:		0-	12.5%	
Late	G3	GI	tox:	 	0-	22.3%	

De	Bari	B,	Cri:cal	Reviews	in	Oncology/Hematology	2016	

SBRT:	
Level	2a	IF:	5.98	



Pancreas	

Hypofrac:onated	SBRT	dose	according	
to	the	rela:onship	among	the	tumor,	
duodenum	and	stomach.	

A.	MAHADEVAN	et	al.	IJROBP	2010	

α/β	duodenum:	3	
Dmax	(BED)	duodenum:	130	Gy	

SBRT:	
Level	2b	
IF	4.258	



Ongoing	trials	

SBRT	Pancreas	



Intra-OperaEve	
RadiaEon	Therapy	



ü  LC 
NO OS 

NO OS 

NO OS 

Role	of	the	IORT	in	gastric	cancer	
IORT	tested	in	several	small	trials:	
	
	Randomized	trial		
(S	+	RT	vs	S+	IORT+	RT)	
	
Randomized	trial	(S	vs	S+	IORT)	
	
Randomized	trial	(subgroup	78pts)		
(RT+	S	vs	RT+	S+	IORT)	

	Sinderal	el	al.	1993;	Kramling	et	al.	1996;	Skoropad	et	al.	2000	

IORT:	
Level	2b	
IF	2.403	

Stomaco	



2 y LC 83.7% 

IORT	in	pancreaEc	cancer:	resectable?	

IORT:	
Level	2b	
IF	4.258	

Pancreas	

Ogawa	K	et	al.	IJROBP	2010		

Mul:-is:tu:onal		
retrospec:ve	analysis	

  Median (%)  Range   
LR	(2	years)		

Alexakis	N	Br	J	Surg	2004	 13	 34-87	

Hepa:c	
	

5-11	 38-	73	

Extra	–abdominal	
	

8-29	



Pancreas	

Ogawa	K	et	al.	IJROBP	2010		

Mul:-is:tu:onal	retrospec:ve	analysis	

IORT	in	pancreaEc	cancer:	unresectable?	

IORT:	
Level	2b	
IF	4.258	



Author	 Nr	pts	 LC	 In	field		LC	 Adverse	factor	for	LR	

Dubois	2011	 72	 91%	 NA	 NA	

Roeder	2007	 243	 93%	 7	(2.8%)	presacral	 N+	(4/7)	
Adjuvant	RT-CT		

Kusters	2009	 290	 86%	 5.9%	
64%	(lateral/ventral)	

Posi:ve	margin	

Calvo	2011	 241	 92%	 3%	presacral	 N+	

Kusters	2010	

605	 88%	 12%	5	yrs	 No	downstaging	
N+	
Posi:ve	margin	
No	adjuvant	CT	

Haddock	2011	
Recurrence	

607	 77%	3yrs	 12%	

Kusters	2009	
Recurrence	

170	 54%	 14.9%	(57%	presacral)	

IORT:	
Level	2b	

ReVo	



IORT:	
Level	2b	
IF	4.258	

ReVo	

Alberda	W	et	al,	IJROBP	2014	

CRM	state	 5	x	5Gy/45-50Gy	
+/-	Cape	

5	x	5Gy/45-50Gy	
+/-	Cape	

HDRBT	10	Gy	
p	

CRM	(≤	2mm)	 22	 21	

5yrs-	DFS	 79%	 70%	 n.s.	
CRM+	(23%)	 17	 31	

5yrs-	DFS	 41%	 84%	 .01	



From	IOeRT	to	HDRBT	

ReVo	 IORT	



HDR	
Brachytherapy		



By	the	courtesy	of	C.Marijnen	and		T.Vuong	

Brachytherapy:	
Level	2b	

ReVo	

• 	Neoadjuvant	treatment	in	T2,T3	and	early	T4N0	rectal	cancer	
• 	Post	surgical		(as	IORT)	



15Gy/	3	fr	 20Gy/	4fr	 25Gy/5	fr	

3	pts	 9	pts	 6	pts	

1	acute	toxicity	
(cholangi:s)	

Brachytherapy:	
Level	4	
IF:	2.088	

Vie	biliari	

• 	18	pa:ents	with	non-metasta:c	extrahepa:c	biliary	cancer	unsuitable	
for	surgical	resecEon	or	radiochemotherapy	
	
• 	metal	stents	followed	by	HDR-192Ir-ILBT	

• Dose	escalaEonà	safe	dose	of	25Gy/5fr	



Stent	vs	BRT	
Quality	of	life	

Medical	costs			p=	0.87	

H.	Bergquist,	Diseases	of	the	Esophagus	2005	
Homs	M,	Lancet	2004	

	
	

Esofago	

Dysphagia	control	

Brachytherapy:	
Level	1b	

	IF:	2.67	IF:	44	



40	RT	center:	

Esofago	 Brachytherapy	

7/40	

Only	1	>	10	cases	

First	line	3/40	

Lack	of	experience	10/40	



Conclusion	
•  HypofracEonated	3D	RT/IMRT:	

ü Rectal	cancer 	 	 	SC		RT	+	TME	 	à	Level	1b	
	 	 	 	 	 	SC	delay	TME	 	à	Level	2b	

•  SIB/VMAT:	
ü Rectal	cancer	 	 	 	CONC	BOOST 	à	Level	1b	
	 	 	 	 	 	SIB/VMAT	 	à	Level	2b	

•  SBRT:	
ü HepaEc	metastases	 	 	 	 	à	Level	2b	
ü HCC 	 	 	 	 	 	à	Level	2b	
ü  PancreaEc	cancer	 	 	 	 	à	Level	2b	

•  IORT:	
ü stomach,	pancreas	and	rectal	 	LC 	 	à	Level	2b	

•  Brachytherapy:	
ü Esophagus 	 	 	Dyspagia	controlà	Level	1b	
ü Rectal,	extrahepaEc	biliary	 	LC 	 		à	Level	2b/4	


