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Radiologist &	Radiation Oncologist:	
an unmarried couple!!!

8	novembre	1894



to	identify	and	document	appropriate	
imaging	in	the	radiotherapeutic
management of	patients	with	cancer based	
on	evidence	from	published	literature.

IMAGING	IN	RADIATION	ONCOLOGY	- A	RANZCR	(THE	ROYAL	AUSTRALIAN	AND	NEW	
ZEALAND	COLLEGE	OF	RADIOLOGISTS®) CONSENSUS	WHITE	PAPER

updated	every	two	years.	

IMAGING	IN	RADIATION	ONCOLOGY	
Appropriateness	criteria	for	each	site	listed	under	4	headings:	

• Diagnosis	and	staging	

• Treatment	planning	

• Treatment	delivery	

• Response	assessment	



Criteria	of	Appropriateness

• diagnostic	accuracy	of	an	imaging	modality	(spiral	
multidetector CT	in	PC),

IMAGING	IN	RADIATION	ONCOLOGY	- A	RANZCR	CONSENSUS	WHITE	PAPER

• influence	on	clinical	practice	(set-up	CT	with	i.v.	contrast	
àcontouring),	

• impact	on	the	patient’s	clinical	outcome	(daily	cone	
beam	CT	to	reduce	margin	and	increase	dose)

• assessed	in	most	part	based	on	high-level	evidence	
in	published	literature	and	supplemented	by	expert
opinion	(es.	AIRO	GI	guidelines).	



Appropriateness	criteria	for	diagnosis	and	staging	

IMAGING	IN	RADIATION	ONCOLOGY	- A	RANZCR	CONSENSUS	WHITE	PAPER



Appropriateness	criteria	for	Treatment	localization	and	
delivery	

Operator dipendency
Ultrasound	waves	disrupted	by	

air	or	gas
Large patients



Appropriateness	criteria	for	Response	assessment	



Appropriateness	criteria	for	Treatment	planning

IMAGING	IN	RADIATION	ONCOLOGY	



Appropriateness	criteria	for	treatment	planning
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20 Gy – split – 20 Gy (GITS1985, EORTC 1999, ESPAC-1 2004)
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Pancreatic	cancer	techno-evolution:	any	improvement?
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CT	scan

Platform	upon	which	three-dimensional	
(3D)	dose	calculations can	be	made.	Better	knowledge of	the	target	volume	

and	critical	normal	organ	position

Radiation	field	apertures	be	
customized to	conform	to	an	
individual	patient’s target
volumes	(i.e.,	conformal
radiation	therapy	[CRT])



Appropriateness	criteria	for	Treatment	planning

Coronal planes
Technical requirements
Thin section
Multidetector spiral
IV	contrast



Appropriateness	criteria	for	treatment	planning

Diagnostic

3D-CRTàCT	scan

Set-up



The planning CT scan should be obtained with both intravenous
and oral contrast medium to adequately delineate the primary
tumor, abdominal vasculature, and surrounding small bowel. If
intravenous contrast medium is contraindicated, a diagnostic MRI
can be done as a separate study and can be used to identify the full
extent of the primary tumor.

IJROBP	2012

Appropriateness	criteria	for	treatment	planning



• Tools available:

Appropriateness	criteria	for	treatment	planning
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PJ+
SM	junction

Yamauchi	FI.	RadioGraphics	2012;	
32:743–764	

Pancreaticojejunostomy



Postoperative	anatomy:	
Pancreaticojejunostomy

Coronal T1	fl2d	fs Gad																		Coronal T2	HASTE																													Axial		PV	phase



Appropriateness	criteria	for	treatment	planning
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Appropriateness	criteria	for	treatment	planning

Huguet F.	IJROBP	2012

3D-CRT	&	IMRT	are	recommended techniques

Reduces the	dose	to OARs and	acute	and	late	side	effects
allowing hypofractionation/dose	escalation/both

BUT
High	missing target	risk (àexpecially without

IGRT)



IMRT	&	IGRT:	
an unmarried couple



Krishnan et al.	IJROBP,	V94,	N4,	2016:	IMRTàdose	risingà Increased OS



416	pts

216	PP	 200	<PP	

P=0.51
P=0.0077



Appropriateness	criteria	for	treatment	planning

Phys Med Biol 2015



Appropriateness	criteria	for	treatment	planning



How	to	integrate	MRI	in	RTP?

• MRI	in	RT	treatment	position/same day

• Reproducible filling	of	the	OARs

• Motion	management	strategies	(e.g.	the	same	
respiration	phase	in	order	to	minimize	registration	issue)

• Fiducial markers	(for	registration	&	IGRT)	

• A	slice	thickness	of	≤	3	mm	for	MRI	simulation	for	GTV	
contouring	



1. Contour	the	GTV	in	conjunction	with,	or	after	discussion	with,	an	
experienced	radiologist	

2. Start contouring,	the	T1-weighted	sequence	without	IV	gadoliniumà
include	in	the	GTV	the	hypointense or	dark	area	(Figure	6)

3. Subsequently,	the	T1	series	with	IV	gadolinium	are	used	to	confirm	or	
optimize	the	GTV

4. When	in	doubt	about	areas	of	involvement	with	tumor,	we	suggest	
looking	at	the	high	b-value	DWI	images	and	corresponding	apparent	
diffusion	coefficient	(ADC)	maps

5. Contouring	of	vessels	is	best	performed	on	arterial	and	venous	phases	of	
the	contrast-enhanced	T1-weighted	images

6. The	organs	at	risk	àon	the	T2-weighted	images

MRI-based	contouring:	tips	and	tricks





MRI	in	Treatment	planning

Superior	soft	tissue	contrast

Less Rx exposure

Pros

CT	is	currently	still	
needed	for	dose	
calculations	in	present	
radiotherapy	practice

Cost	of	MRI	in	addition	to	a	CT	

Patient	discomfort

Extra	time	for	fusing	
and	contouring

Cons





Appropriateness	criteria	for	treatment	planning

Dalah E	IJROBP	2014\



Appropriateness	criteria	for	treatment	planning

Dalah E	IJROBP	2014



Appropriateness	criteria	for	treatment	planning

Dalah E	IJROBP	2014



Topkan et al.	J	of Exp &	
Clin Cancer Res 2008

14 patients	with	unresectable LAPC

3DCRT	plans	were	made	using	the	CT	and	PET-CT	fusion	data	sets

Changes	in	GTV	delineation	36% (5	pts)	on	PET-CT	information.	

The	average	increase	in	GTV	was	29.7%,	due	to	the	incorporation	of	additional	N+	
and	extension	of	the	primary	tumor	beyond	that	defined	by	CT.	

The	GTVCT	versus	GTVPET-CT	was	92.5	cc	versus	104.5	cc	(p	=	0.009).	

Conclusion
Co-registration	of	PET	and	CT	information	in	unresectable LAPC	may	improve	the	
delineation	of	GTV	and	theoretically	reduce	the	likelihood	of	geographic	misses.



SBRT

Conformity	and	rapid	
dose	fall-off	associated	
with	SBRT	offer	the	
potential	for	dose	

escalation	

2-year	local	control	(LC)	rates	ranged	from	50–92%	
2-year	OS	rates	following	SBRT	ranged	from	29–74%	

Acute	and	late	grade	≥	3	toxicity	of	0–12.5%	and	0–22.3%

Brunner T,	R&O 2015
De	Bari	B,	Critical Rev Oncol/Hematol 2016
Kim	SK,	J	Gastroint Oncol 2016



IJROBP	V96		N2S,		Supplement	2016

175	ml	of	Isovue 300	at	5	ml/sec.	
15sà parenchymal enhancement	(PP),
45sà portal	venous	phase	(PV),	
165sà delayed	phases	(DP

following	aortic	enhancement



Challenges of SBRT	to pancreas
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tox rate	is	
expected	to	be	
even	higher	
with	improved	
mOS

Chang et al. Cancer 2008

Proximity of pancreas	to
duodenum and	SB:	
high	risk of late	stenosis,	
ulceration,	bleeding and	
perforation



Kataria BJR	2015





Multimodality imaging:	an opportunity

MDCT	with	IV	contrastàrecommended

PET-CT/MRI-CT	coregistrationàhelpful

MRI	contouringà
PET-MRIà
RTP	using MRIà

FINAL	REMARKS	ON	APPROPRIATENESS	OF	
IMAGING	IN	TREATMENT	PLANNING:

the	near future


