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•  Locally	advanced	rectal	cancer	

•  Local	relapse	



preoperative radiotherapy, improved survival has been
seen in rectal cancer [3]. Two recent randomised trials
have shown an improvement in the results of preoper-
ative radiation in patients with locally advanced rectal
cancer when 5FU based chemotherapy is added to
radiotherapy. A significant decrease in local recurrence
was observed in those receiving chemotherapy as well
as an increased rate of pCR. Five year overall survival
was not changed by the addition of chemotherapy
[165,166]. No survival gain was, however, seen in a
pooled analysis of these two randomized controlled
trials (RCTs), increasing the power of the analysis
[167]. After preoperative radiochemotherapy a variable
percentage of pathological complete response (pCR) in
specimens has been reported. Although some series
show no correlation [168], many series report that
patients who achieve a pCR following preoperative
radiochemotherapy have improved long-term out-
comes in terms of excellent local control rates and this
is independent of their initial clinical T and N stage
[163,169,170]. The increased incidence of pCR in the
radiochemotherapy arms did not improve the final
outcome of the randomised studies, taking into
account that these trials were underpowered to detect
this difference in overall survival [166,171]. To increase
the efficacy of 5-FU or capecitabine it has been com-
bined, in several phase II studies, with oxaliplatin or
irinotecan plus radiation [172,173]. However, none of

the completed phase III trials have to date revealed
an improved outcome (except possibly more pCRs)
[129,151]. At the present, infused 5-FU or oral fluoro-
pyrimidines remain the standard agents to combine
with preoperative radiotherapy.

! Minimum consensus was found about the
condition that after surgery, in case of positive
CRM, postoperative radio-chemotherapy should
be delivered if no preoperative RT had been
performed.
! Minimum consensus was achieved for the following

that two recent pooled analyses of randomised and
non-randomised trials have indicated that preopera-
tive CRT impacted on distant metastases and overall
survival [163].
! In patients who received preoperative treatment, no

consensus was reached for the statement that after
surgery, in case of confirmed pT3 pN0 CRM–,
adjuvant chemotherapy could be considered accord-
ing to the cost–benefits based on the nomogram in
a multidisciplinary team discussion [163] (see
Fig. 9).
! No consensus was reached for the decision that in

case of a cT3N0 that after surgery results in a patho-
logical report of a pN+, an adjuvant treatment
should be considered in a multidisciplinary team dis-
cussion [166].
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11.7. cT3 N1-2 M0 MRF+

In order to achieve tumour shrinkage, for MRF+
patients showing, high risk of local or distant recurrence
and poorer overall survival, preoperative CRT is recom-
mended followed by TME surgery [174]. In rectal cancer
patients with a clinical stage with positive lymph nodes
and a positive mesorectal fascia, preoperative chemora-
diotherapy is recommended even though there is no
direct evidence showing better outcome in this specific
subgroup [175].In case of concomitant morbidity pro-
hibiting chemoradiation, short course radiotherapy with
delayed surgery can be considered, although this
approach has not been tested in a randomised study in
this particular subgroup of patients [161,176].

Some studies, using concomitant boost, are ongoing
to explore the efficacy of intensified radiotherapy doses
with the aim to increase tumour response and R0 resect-
ability [178,179].

In patients who received a preoperative treatment, no
consensus was found for the statement that after sur-
gery, if high risk features are present in the pathological
report, adjuvant chemotherapy could be considered
according to the cost–benefits based on the nomogram
in a multidisciplinary team discussion [163] (see Fig. 9).

11.8. cT4 any cN rectal cancer

Locally advanced tumours are defined as tumours
extending beyond the rectal wall with infiltration in sur-
rounding organs or structures, and/or perforation of the
visceral peritoneum (c/p T4 N0-2 M0). The evaluation
of resectability depends on the extent of the operation
the surgeon is able to perform as well as the degree of

morbidity the patient is willing to accept. The heteroge-
neity of the presentation and a definition of resectability
based on clinical rather than objective criteria make it
difficult to compare the results between series. Only ran-
domised trials may give evidence of superiority of one
treatment above another [180]. Preoperative radioche-
motherapy includes radiation in the range of 50–54 Gy
plus 5FU-based chemotherapy with the goal of increas-
ing R0 resectability [181–183]. Doses above 50.4 Gy are
associated with a higher complication rate especially
using techniques that are not able to conform the radia-
tion dose with high precision to the tumour and positive
lymph nodes. Positive evidence of the role of higher dose
is still to be confirmed in randomised studies [184–187].
Referral centres, in single institution studies, suggest a
favourable local control rate also in patients with posi-
tive margins or microscopic residual disease treated with
a large single dose (10–20 Gy) of radiation by electron
beam or brachytherapy (intraoperative radiation or
IORT) [188–190]. However, not all series show a benefit
[191]. The results (and recommended dose) of IORT
depend on whether the margins of resection are negative
or whether there is microscopic or gross residual disease.
IORT does not compensate for suboptimal surgery. In
general, series have used 10–20 Gy. IORT-related toxic-
ity increases with IORT doses >18–20 Gy. In patients
who are not medically able to receive long-course che-
moradiation, short-course RT followed by delayed sur-
gery is the recommended treatment since it can result
in substantial down staging, downsizing and frequent
R0-resections. This group of patients is otherwise left
with palliative measures only [177]. Given the limitation
of the total radiotherapy dose which can be delivered to
the bulky tumour in the pelvis and the frequent problem
of local recurrence, the surgeon, on the resectable cases,
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a b s t r a c t

Introduction: The delineation of Clinical Target Volume (CTV) is a critical step in radiotherapy. Several
guidelines suggest different subvolumes and anatomical boundaries in rectal cancer (RC), potentially
leading to a misunderstanding in the CTV definition. International consensus guidelines (CG) are needed
to improve uniformity in RC CTV delineation.
Material and methods: The 7 radiation oncologist experts defined a roadmap to produce RC CG. Step 1:
revision of the published guidelines. Step 2: selection of RC cases with different clinical stages. Step 3:
delineation of cases using Falcon following previously published guidelines. Step 4: meeting in person
to discuss the initial delineation outcome, followed by a CTV proposal based on revised and if needed,
adapted anatomical boundaries. Step 5: peer review of the agreed consensus. Step 6: peer reviewmeeting
to validate the final outcome. Step 7: completion of RC delineation atlases.
Results: A new ontology of structure sets was defined and the related table of anatomical boundaries was
generated. The major modifications were about the lateral lymph nodes and the ischio-rectal fossa delin-
eation. Seven RC cases were made available online as consultation atlases.
Conclusion: The definition of international CG for RC delineation endorsed by international experts might
support a future homogeneous comparison between clinical trial outcomes.

! 2016 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 120 (2016) 195–201

Clinical Target Volume (CTV) and Organs at Risk (OARs) delin-
eation is a fundamental step in modern radiotherapy. Despite this
awareness, CTV contouring between radiation oncologists (ROs)
still remains inhomogeneous, leading to systematic errors with
standard deviations up to 1 cm, as demonstrated in some reports
[1–5].

To decrease the inter- and intra-observer variability in rectal
cancer (RC) CTV delineation, guidelines for contouring of pelvic
regions at risk in RC have been published [1–2,6–8]. All these

guidelines provide boundaries, atlases and recommendations for
pelvic CTV’s delineation, but they differ in target definition (CTV
versus subsites), in subsites nomenclature and in anatomical
boundaries. The lack of a ‘‘common language” may lead to a com-
plexity of interpretation of the RC CTV and difficulties in the com-
parison of clinical and dosimetric outcomes between different RC
trials. To reduce this variation in target volume interpretation we
attempted to define a consensus guideline, which integrates con-
vergencies and overcomes divergencies present in the different
published guidelines.

In this manuscript, the method and the final outcome of the
consensus are reported. In addition to the delineation guidelines,
the table of boundaries and recommendation for CTV modulation
presented in this article, an online set of clinical cases delineated
and peer reviewed by the consensus panel, is described and avail-
able on Falcon platform.

http://dx.doi.org/10.1016/j.radonc.2016.07.017
0167-8140/! 2016 Elsevier Ireland Ltd. All rights reserved.
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Clinical	trial	in	LARC	

Dose	escalation	à	cCR	
(intermediate)	

Total	Neoadjuvant	Therapy		
(advanced)	

Clinical	Trial	



cT3	or	cT2		low	

Long Course 
RT-CT 

Dose	Escalation	Clinical	Trial	

Pucciarelli	et	al,	S.	et	al	Dis	Colon	Rectum	2013	
Gérard	JP	et	al.	J	Clin	Oncol	2014	
Vuong	T	et	al.	Semin	Colon	Rectal	Surg	2010	
Maas	M	et	al	J	Clin	oncol	2011	
Appelt	A.	Lancet	Oncol	2015	
	
	

cCR	



D50	TRG1 	à 	92.0	Gy		
D50	TRG1-2	à 	72.1	Gy	

Appelt	AL	et	al.	Int.	J	Radiat	Oncol	Biol	Phys	2013	

Dose	escalation	



GTV	identification	



…during	treatment	

Tumor:	
–  	Moves		
– Regresses		

NOT		easely	VISIBLE	on	CBCT		

SURROGATE	VOLUMES:	
Mesorectum	
Rectal	wall	



Target	modification	

Ippolito	E	et	al		-	Acta	Oncol	–	2009	CTV and its motion to be safely applied. IGRT,
providing an exact knowledge of anatomy during the
course of treatment, permits adjustments to improve
accuracy in dose delivery. Also IGRT taking advan-
tage of more reliable imaging techniques such us
ultrasmall superparamagnetic iron oxide (USPIO)
enhanced MRI to detect node involvement or FDG-

PET to demonstrate tumour response during a
radiotherapy course, can furthermore improve rectal
cancer treatment.
Future developments will probably involve the use

of new PET tracers in order to identify new boost
areas within the CTV and the use of PET to monitor
the dose deposition during treatment [54] leading to

Figure 1a. Mesorectum motion observed in one patient during the course of radiotherapy: Front view.

Figure 1b. Mesorectum motion observed in one patient during the course of radiotherapy: Back view.

1322 E. Ippolito et al.

  Rectal motion during neo-adjuvant radiochemotherapy for rectal cancer   321

 The time-trend analysis revealed a signifi cant 
correlation (p  !    0.05) between volume and time in 
6/10 patients, as shown in Figure 1. 

 On average, the Spearman ’ s rank correlation coef-
fi cient R was "0.84 (p  #    0.0005, 95% confi dence inter-
val (CI) "0.62; "0.94); of interest, R was correlated 
with the rectal volume at the fi rst MVCT (p  #    0.03). 

 The time-trend was signifi cant in the fi rst part of 
the treatment (R  #  "0.98, 95% CI "0.92; "0.997, 
p  #    0.005) but not when considering the second part 
(R  #  "0.42, 95% CI "0.85; 0.34 p  #    0.24), confi rm-
ing that the rectal volume reduction occurred in the 
fi rst fractions. 

 By fi tting the data with a polynomial curve, as 
shown in Figure 1, the average reduction was found 
to be around 35 cm 3  in the fi rst 9 fractions (4 cm 3 /
fraction). When considering the envelope volumes, 
the values referring to the fi rst part of the treatment 
were always larger than those referring to the second 
half (Figure 2) with average values equal to 129    $    
76 cm 3  and 87    $    23 cm 3  (p  #    0.002), respectively.   

 Contour agreement analysis using DSC 

 Mean DSC values were found to increase after the 
fi rst few fractions (Figure 3). The mean DSC refer-
ring to the fi rst fraction was signifi cantly worse than 
the mean DSC value referring to all the other frac-
tions (0.67    $    0.09 vs. 0.75    $    0.03; p  %    0.00001, t-test). 
Similarly, the average value referring to the fi rst four 
fractions was worse than the remaining fractions 
(0.70    $    0.04 vs. 0.75    $    0.03; p  %    0.00001, t-test).   

 Margins for rectal motion 

 A summary of the results is shown in Figure 4 and 
Table II. 

 When considering the median rectum of the 
whole treatment as the reference contour, margins of 
10 mm and 15 mm included about 95% of the rectal 
envelope for seven and 10 patients, respectively. 
Instead, when considering the second half of treat-
ment, margins of 5 mm and 7mm were adequate for 
eight and 10 patients, respectively; on average, 95% 
of the rectal envelope was included by an expansion 
of 12 mm and 5 mm of the median contours when 
considering the whole or the second half of the treat-
ment respectively. 

 When considering the fi rst MVCT or the kVCT 
rectum as the reference contours, smaller margins 
were adequate compared to the expansions from the 
median contour of the whole treatment (Table II). 
This result is not surprising and depends on the 
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  Figure 1.     Time-trend analysis of rectal volume variation during 
treatment. Thin dotted lines ( &  black squares): patients with 
signifi cant trend (p  %    0.05); grey squares: patients without trend; 
continuous thick black line: average values; thick black dotted line: 
polynomial fi t of the average trend.  
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  Figure 2.     The volumes of the rectal envelope of the fi rst half 
(dark), second half (grey) and total treatment (white) are plotted 
for each patient.  
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  Figure 3.     The mean similarity coeffi cients (DSC) referring to the 
agreement between the rectum at each k th  fraction and at the 
others N-1 fractions are shown: the values signifi cantly increase 
after the fi rst few fractions.  
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MRI-Guided	RT	

Direct	TUMOR	visualization:		
§  During	each	fraction		
§  Throughout	the	treatment	
§  By	Rad	Onc	
§  By	patient	
§  Gated	dose	delivering	



Rectal	Cancer	Neoadjuvant	
Treatment	

	
•  16	Patients	affected	by	LARC	undergoing	neoadjuvant	
chemoradiotherapy	(CRT)	with	MRIdian.	

•  Long	course	CRT	was	prescribed	according	to	a	Simultaneous	
Integrated	Boost	(SIB)	delivery	protocol.		
55	Gy	in	fractions	of	2.2	Gy	to	PTV1	(GTV)	
45	Gy	in	fractions	of	1.8	Gy	to	PTV2	(pelvic	subsites)		
	

•  Clinical	restaging	was	assessed	6-8	weeks	after	the	end	of			
CRT	by	digital	rectal	exam	(DRE)	and	restaging	MRI.		
	
•  Surgery	was	planned	at	10	weeks	
	

Boldrini	L	et	al.	submitted	2018	



1.   MRI	scan	acquisition	at	6	time-points	simulation	and	every	5	
fractions:	t0	-t5-	t10-	t15-t20-t25	

2.   GTV	was	delineated	and	measured	on	each	MR	

3.   Radiomics	features	were	extracted	from	each	6	MRI	

4.   Delta	radiomics	(t0	vs	t5,	t0	vs	t10…t0	vs	t25)	were	correlated	with	cCR	

Imaging	protocol	

Boldrini	L	et	al.	submitted	2018	



t5	 t10	

t25	t20	t15	

Imaging	protocol	
t0	



Volumetric	changes	during	CRT	

cCR	rate:	31%	
Boldrini	L	et	al.	submitted	2018	



Feature	type	 t0Gy	 t11Gy	 t22Gy	 t33Gy	 t44Gy	 t55Gy	
(S)	Min		 -	 0,009	 0,025	 -	 0,024	 -	
(S)	Range	 -	 -	 -	 -	 0,038	 0,019	
(S)	Energy	 -	 0,025	 0,002	 0,009	 0,006	 0,028	
(M)	Surface	 -	 -	 -	 -	 0,003	 0,019	
(M)	Volume	 -	 0,049	 0,003	 -	 0,006	 0,028	
(M)	Areavolume	 -	 -	 0,003	 0,013	 0,006	 -	
(M)	L	major	 -	 -	 -	 -	 0,028	 -	
(M)	L	least	 -	 0,037	 0,001	 0,006	 0,002	 0,013	
(M)	Compactness	1	 0,038	 -	 -	 -	 -	 -	
(M)	Compactness	2	 0,038	 -	 -	 -	 -	 -	
(M)	Sphdispr	 0,038	 -	 -	 -	 -	 -	
(M)	Sphericity	 0,038	 -	 -	 -	 -	 -	
(M)	Asphericity		 0,038	 -	 -	 -	 -	 -	
(F)	MedianFD	 -	 0,038	 -	 -	 -	 -	
(F)	MinFD	 -	 -	 0,013	 -	 -	 -	
(T)	glnu	 0,027	 0,038	 0,001	 0,013	 0,003	 0,038	
(T)	sre	 -	 0,019	 0,019	 0,028	 -	 -	
(T)	lre	 -	 0,019	 0,019	 0,038	 -	 -	
(T)	hgre	 -	 -	 0,038	 -	 0,013	 0,009	
(T)	srhge	 -	 -	 0,038	 -	 0,013	 0,009	
(T)	lrhge	 -	 -	 0,038	 -	 0,013	 0,009	
(T)	rlnu	 -	 -	 0,028	 -	 0,013	 -	
(T)	rlnu	norm	 -	 -	 0,019	 0,028	 -	 -	
(T)	rperc	 -	 0,019	 0,019	 0,028	 -	 -	
(T)	rlvar	 -	 -	 0,019	 0,038	 0,018	 -	

6	simulation	features	57	‘delta’	features	showed	a	p	value	in	discriminating	cCR	
	
DELTA	Least	Axis	Lenght	t10/t0	(22	Gy)	

Radiomics	features	and	cCR	prediction	

Boldrini	L	et	al.	submitted	2018	



Volumetric	changes	during	CRT	

Delta	Least	axis	(t10/t0)	and	cCR	rate	

cCR	

Boldrini	L	et	al.	submitted	2018	



Dose	escalation	

•  Boost	is	delivered	on	the	tumor	mass		
•  Boost	in	the	second	half	of	the	treatment	

–  Tumor	shrinks	in	the	first	2	weeks	of	treatment	
–  Then	it	remains	‘stable’	
	

•  MRI-guided	RT	
–  Tumor	is	visible	
–  Delta	radiomics	in	the	first	part	of	the		treatment	may	

predict	cCR	

Clinical	Trial	

Clinical	trial	in	LARC	



Unconventional	BT	treatment	in	LARC	

Brachytherapy	in	RC	
– Palliative	
– Boost	after	ERT	
– Neoadjuvant		

Clinical	Trial	
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serted into the rectal lumen can be acquired using either 
a dedicated or portable X-ray unit. 

During endoscopy on Day 1 (Fig. 1), several days 
following completion of clinical and radiological eval-
uations, four radio-opaque clips (QuickClip2, mo del: 
HX-201LR-135; Olympus, Southend-on-Sea, Essex, UK) 
are placed to mark the proximal and distal margins 
of the tumor (Fig. 2). The clips are of cylindrical shape 
with a length of 5 mm and a diameter of 1.5 mm. They 
are subsequently used for image guidance prior to dai-
ly treatments. We commonly use two clips to mark the 
proximal limit and two clips to mark the distal limit of  
the tumor volume, all clips inserted using direct rectosco-
py. On occasion, more than four clips are inserted follow-
ing the advice of the gastro-intestinal (GI) specialist. In 
our experience, some of the inserted clips get lost during 
the four-day course of treatment; however, usually at 
least one of the four clips remains inside the rectal lumen 
until the last treatment fraction. In our experience to date, 
all the complete set of clips was lost before the end of the 
course of treatment on only two occasions. Although we 
could have opted to carry out the based on bony anato-
my, in both patients we inserted new clips and repeated 
the treatment planning for the remaining treatment frac-
tions. 

An intracavitary mould applicator (Elekta AB, Stock-
holm, Sweden) of cylindrical shape (27 cm long and 2 cm 
in diameter) is used in our study. As shown in Figure 3, 
eight catheter channels are distributed equally over the 
circumference of the applicator in equal angular incre-
ments, and a central lumen is also available for inser-
tion of an additional central catheter. The applicator is 
made of a pliable silicon rubber material, which allows 
an easy insertion and navigation through the rectum and 
sigmoid colon. Figure 3 also indicates schematically the 
convention we are using with respect to the loading of 
the channels (from 1 to 8) as well as the catheters loaded 

with uniquely coded x-ray markers (gray circles: 1, 3, 4, 
5, and 7) that are used for ensuring the daily rotational 
reproducibility. 

Prior to applicator insertion into the rectal lumen, 
an endocavity balloon (CIVCO, Latex-Free Endocavity 
Balloon, 610-898 (BS3000), USA) is placed over the rectal 
applicator. The endocavity balloon provides a snug fit to 
the mould applicator, and contains an adjustable inflation 
control of the balloon to provide proper fixation of the 
mould applicator within the rectal lumen. The balloon 
is oriented in such a way that its expanding section is 
placed opposite to the tumor location. Once the necessary 
longitudinal shift is determined and rotational position 
verified, the balloon is inflated by water injection. A small 
amount of CT iodine contrast can be added to help with 
the visualization on a CT scan. 

The 3D treatment planning 

Details of the treatment planning procedure have 
been described previously [6,7]. Prior to CT simulation, 
an initial antero-posterior (AP) scout view of the patient 
lying in supine position is performed in order to visual-
ize the endorectal radio-opaque clips. The endorectal ap-
plicator is introduced using lubrication with the patient 
lying in the lateral decubitus position. The patient is then 
repositioned in the supine position, and a plate with the 
mounted hydraulic locking clamp is slid under the pa-
tient’s pelvis and the Oncosmart intracavitary mould is 
latched onto the clamp (Elekta AB, Stockholm, Sweden). 
Repeated AP and lateral scout views are then taken and 
examined. When necessary, adjustments are made to  
the cephalic orientations of the applicator relative to the 
radio-opaque clip locations. 

Following the CT simulation, the acquired images 
are sent to a dedicated virtual simulation image process-
ing workstation. The tumor (GTV) and intramesorectal 

Fig. 1. Time scheme for preoperative endorectal high-dose-rate brachytherapy; the days of the week in parentheses represent 
the most suitable days not only from a logistical point of view but also for a reliable reproduction of the daily dose distribution
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26Gy	in	4	fractions	of	6.5	Gy	a	week;		dose	prescribed	to	the	TUMOR	
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Abstract
High-dose-rate endorectal brachytherapy (HDREBT) is an image guided brachytherapy treatment for patients with 

rectal cancer. It is based on tumor imaging with magnetic resonance in particular, which is used to choose eligible 
patients and improve tumor visualization. Treatment planning is performed using 3D CT simulation and treatment 
planning. The treatment is given on an outpatient basis and requires minimal local anesthesia. The validation of the 
technique was carried out through a preoperative study and is now explored as part of a radical treatment for early 
rectal cancer or as a boost modality. 

We describe technical aspects of the HDREBT and we discuss the ongoing institutional review board approved 
studies exploring the clinical applications of this treatment modality for patients with rectal cancer: 1) as a neoadjuvant 
treatment for patients with operable rectal tumor; 2) as a option to improve local control in patients with newly diag-
nosed rectal cancer but with previous pelvic radiation. 
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Purpose 

Contact X-ray therapy for treatment of rectal cancer, 
introduced by Papillon [1] in the early 1970s, is highly 
effective and well tolerated for radical treatment of early 
stage rectal cancer [2,3] (T1, and favorable T2 lesions). On 
the other hand, HDREBT was mainly used in the past as 
a palliative treatment modality [4,5]. 

In our center, we developed a treatment protocol 
based on magnetic resonance tumor imaging, which we 
use to select eligible patients and also to improve tumor 
visualization for target outlining. Treatment planning is 
done using 3D CT simulation in conjunction with con-
formal treatment planning. We describe technical aspects 
of HDREBT and discuss the ongoing institutional review 
board (IRB) approved studies exploring the clinical appli-
cations of this treatment modality for patients with rectal 
cancer [6]. 

Material and methods 

During 1998, we conducted a phase I/II study to eval-
uate the use of HDREBT as an alternative pre-operative 
down-staging modality to conventional external beam 
radiation therapy. Patients with T2-3 Nx tumors and no 

evidence of necrotic or extramesorectal nodes larger than 
1 cm were selected for participation in the study. Over the 
last 15 years techniques for imaging, treatment planning 
and dose delivery have evolved into the currently used 
HDREBT technique. 

Pre-treatment imaging 

Patients eligible for pre-operative endorectal HDRBT 
undergo endoscopic endorectal ultrasound (EUS) for tu-
mor staging (transparietal extension) and magnetic res-
onance imaging (MRI) of the pelvis for tumor measure-
ments (length and bulk evaluation). After completion of 
clinical and radiological evaluations under direct rectos-
copy, radio-opaque clips are placed to mark the proximal 
and distal margins of the tumor for subsequent position-
ing, quality control of simulation, and treatment appli-
cations. 

High-dose-rate endorectal brachytherapy equipment 

The prescribed dose is delivered using a micro-Selec-
tron remote after-loader (Elekta AB, Stockholm, Sweden) 
employing an iridium-192 source with a nominal activity 
at installation of 370 GBq (10 Ci). Daily radiographs with 
the patient in the treatment position and applicator in-



Brachytherapy:	volumes	
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CTV        Bladder        RT Femur
Fig. 4. Dose distribution obtained by treatment planning system
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but common group of patients [10]. Our pattern of pelvis 
failure supports the concept of a low nodal contribution 
in local relapse, and opens the debate on present clinical 
target volumes used in EBRT portals for all patients with 
rectal cancer and its implications on toxicity related risks. 
At this point, the Correct trial phase III study, lead by the 
John Hopkins team is on going and compares external 
beam radiation to HDREBT, and will provide an answer 
to this very pertinent question. 

High-dose-rate endorectal brachytherapy is a highly 
conformal 3D image guided brachytherapy technique. 
This highly targeted radiation modality allows treatment 
of a selected but common group of rectal cancers. In our 
experience, it has been a useful neoadjuvant modality for 
rectal cancer and we are presently testing it as a boost 
modality in the context of radical radiation for elderly 
patients with either early tumors or inoperable patients 
with co-morbidity. It is a physician friendly technology. 
Although the potential clinical applications are numer-
ous, they should be tested within clinical protocols. 
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Brachytherapy:	clinical	results	

Time	of	accrual	 1989-2005	

N°	of	patients	 483	 43	post	op	RTCT	for	pN+	

Age		 68.2	(28-90)	

Stage		 T3-low	T2,	Nx	

Post-op	CT	 5-FU	at	discretion	of	the	MO	up	to	2005	 FOLFOX	after	2005	

FUP	 63	months	

pCR	 27%	

pN+	 30%	

LR	 4.8%	

DFS	 65.5%	

OS	 72.8%	



Unconventional	BT	volume	in	LARC	

Clinical	trial	

Brachytherapy	in	RC	
•  High	pCR	rate	
•  Same	outcome	as	standard	RTCT	

•  No	concomitant	CT	
•  No	pelvic	nodes	irradiation	
•  No	bone	marrow	irradiation	
•  Fractionated	doses	<	10	Gy	

	
		

Clinical	trial	

Possible	immune	system	contribution?	



	
Uncoventional	approaches	and	volumes	in	Rectal	Cancer		

	

•  Locally	advanced	rectal	cancer	

•  Local	relapse	



Clinical	trial	

Re-treatment		
R0	resection	≈	20%		
Good	symptoms	control:	80-100%	
Duration:	8-10	month	
Dose:	30-40	Gy	hyperfractionated	
Volume:	Involved	field	

Low	conventional	palliative	volume	

Guren	MG	et	al.	Radiother	Oncol	2014	



‘PITH’	
Partial		
Irradiation		
Tumor		
Hypoxia	Clinical	Trial	

Unconventional	palliative	treatment	

High	burden	
tumor	mass	



‘PITH’	in	Rectal	Cancer:	case	report	
70	years	old,	male,	ECOG	0	
2017	
UN-RESECTABLE-PREIRRADIATED	Local	Relapse		
(presacral	space,	iliac	L	vessels,	SB,	SV,	prostate,	mucinous)	

NOT	SUITABLE	FOR	RE-IRRADIATION	
Uncontrolled	PAIN	

2015		
Adenoca	cT4bN2,	low	rectum	
RTCT	à	APR	à	CT	



Role of radiotherapy in «high burden» disease	

Tubin	S	et	al.	Acta	Oncol	2017	
Tubin	S	27°	Residential	Course,	Rome	2017	

In	vitro	studies	
Irradiation	of	the	HYPOXIC-HYPOVASCOLARIZED	
part	of	the	tumor	TRIGGERS	tumor	regression	

Radiation	Induced	Bystander	Effect	(RIBE):	
Irradiating	only	a	part	of	the	tumor	induces	
rergression	of	the	whole	tumor	
	
Radiation	Induced	Abscopal	Effect	(RIAE):	
tumor	regression	in	untreated	distant	sites	
	
	



DOSE:	10	or	12	Gy	X	1	to	70%-isodose	(Dmax	14.5	and	18	Gy,	respectively)	to	the	BTV		
	
	

Role of radiotherapy in «high burden» metastatic disease	

Tubin	S	et	al.	Acta	Oncol	2017	
Tubin	S	27°	Residential	Course,	Rome	2017	

Tubin S. 
KABEG Klinikum Klagenfurt, AUT 

E-Mail: s.tubin@kabeg.at 

RESULTS: 

PART 3: PERSONAL EXPERIENCE WITH THE USE OF UNCOVENTIONAL 
RADIOTHERAPY FOR LARGE TUMORS: DEVELOPMENT OF A NEW 

RADIOTHERAPY TECHNIQUE FOR THE PARTIAL TUMOR IRRADIATION EXPLOITING 
THE BYSTANDER EFFECT 

GTV (bulky) 
GTV mean volume: 230.9 cm³ (range:132.5–306.8)  

GTV mean diameter: 8.1 cm (range: 7-11)  

 Average GTV SUVmax: 19.9 (range:15.2-27.8)  

BTV mean volume: 70.6 cm³ (range:42.6–95.5) 
(30% of the GTV´s) 

Average BTV SUVmax: 2.7 (range:1-3)  
(15% of the GTV´s) 

BTV 

Hypometabolic-hypovascularized	part	of	the	tumor		
PETàSUV	<	3		
No	margin	

Bystander	Tartget	Volume	(BTV)	



RESULTS:	

•  Median	follow-up	was	8	months	(range:	2-15).		
•  Significant	bystander	and/or	abscopal	effects:	in	all	patients	
•  Mean	time	to	the	induction	of	the	effects:	2-3	weeks	
•  Overall	response	rates	for	symptom	relief:	100%	
•  Overall	mass	response:	100%	
•  Average	tumor	shrinkage:	60%	(50-80%)	
•  Disease-specific	survival:	96%	
•  Acute	or	late	toxicity:	no	patients	

Role of radiotherapy in «high burden» metastatic disease	

Tubin	S	et	al.	Acta	Oncol	2017	
Tubin	S	27°	Residential	Course,	Rome	2017	

25	consecutive	symptomatic,	oligometastatic	
patients	with	bulky	tumors	were	included	in	
this	prospective	clinical	study	



PITH	in	Rectal	Cancer:	case	report	

GTV	 BTV	 Treatment	plan		

10Gy	@	70%	isodose	PET	 MR	
(hypovascolarized	
region	of	the	tumor)	



DIAGNOSIS	 6	weeks		after	RT	 3	month	after	RT	

PAIN	relief	
VAS	2		
No	acute	effect	

NO	PAIN	
No	drug	intake	
No	late	effects		

Uncontrolled	
PAIN	
opioid	

PITH	in	Rectal	Cancer:	case	report	



Unconventional	palliative	volume	

PITH	
Partial	irradiation	of	tumor	hypoxic/
hypovascularized	area		
single	10	Gy	dose	(@70%	isodose)		
may	generate	response	unirradiated	T,	
symptoms	relief,	without	toxicity	
A	new	option	to	explore	

BTV	

Clinical	Trial	



Conclusions:	locally	advanced	RC		

Preop	RTCT	à	pelvic	volume	

Dose	escalationà	
	GTV	delineation	
	strict	IGRT	protocols		
	role	for	hybrid	MR	machines	

Clinical	Trial	

BT	in	intermediate	RCà	GTV	
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CTV        Bladder        RT Femur
Fig. 4. Dose distribution obtained by treatment planning system
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Conclusions:	Local	recurrence		

Re-irradiationà	involved	field	on	LR	

High	burden	diseaseà	BTV	

Clinical	Trial	



Conclusions	

Preop	RTCT	à	pelvic	volume	

Dose	escalationà	
	GTV	delineation	
	strict	IGRT	protocols		
	role	for	hybrid	MR	machines	

Re-irradiationà	involved	field	on	LR	

BT	in	intermediate	RCà	GTV	

High	burden	diseaseà	BTV	
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Fig. 4. Dose distribution obtained by treatment planning system
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