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Contouring

Is there a standard in RC contouring?
Pattern of recurrence

Can we use imaging tools for target definition?
Do we need Adaptive RT?

Alchemy, 1947 Jackson Pollock


Presenter
Presentation Notes
Noi radioterapisti applichiamo un’arte che è un’alchimia derivante da tutte le evidenze generate dagli altri specialisti
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Circumferential Resection Margin

» direct tumor spread (18%-29%)

» discontinuous tumor spread (14%-67%)
* lymph node metastases (12%-14%)

- vehous invasion (14%-57%)

* lymphattic invasion in 9%

« perineural fumor spread (7%-14%)

Radial margin of <1 mm
-> increased risk of local recurrence (22% vs 5% n= 686) [wibe, 2002]
-> increased risk of distant metastases (37% vs 15%)
—> shorter survival (70% vs 90% at 2 years)

...Same implications even for < 2 mm CRM
(16% vs 6% local recurrence for patients with radial margins 2 < mm)

Nagtegaal, et al, Journal of Clinical Oncology, 2008


Presenter
Presentation Notes
A distance of at least 5 mm between a tumor and the mesorectal fascia at MR imaging helped predict an uninvolved CRM of 1 mm at histologic analysis with 97% confidence. ” Beet-Tan et al., Radiology 2004 (preso da diapo Censi)



Lymph nodes

Lymph node status probably constitutes the single most important
determinant of overall survival in patients with rectal cancer

5-year survival N+ vs N- 40% vs 68%

Cecil, et al., Dis Colon Rectum 2004

In vivo MR image

The majority of mesorectal nodes are found at the
level of or within 5 cm proximal to the tumour.

Dominant pathway of lymphatic drainage intfo mesorectal
nodes and upwards within the mesorectum.

Morikawa et al. Dis Colon Rectum, 1994
Parfitt, et al., ] Clin Pathol, 2007



Presenter
Presentation Notes
Lymph node status most important determinant of overall survival  risk of systemic spread more than local recurrence. 
N+ higher local recurrence rate compared to node negative patients… but only 7.5% local recurrence in N+   adequate excision of the mesorectum is of paramount prognostic importance.

NB la ref. Morikawa et al. Dis Colon Rectum 1994 è presa  From Roels 2006



The total mesorectal excision specimen for rectal cancer:
a review of its pathological assessment

Distal margin

A 5

L.
\
e
V Sphincter preservationl!

The extent of distal A 1.5 cm distal rectal wall

mesorectal spread is greater margin and a 4 cm distal

than the extent of — mesorectal margin are
intramural spread necessary to achieve adequate
(3.6 cm vs 1.2 cm) surgical clearance

Parfitt, et al., ] Clin Pathol 2007


Presenter
Presentation Notes
 la distanza dallo sfitere ci serve per decidere se chirurgia conservativa (tenendo conto cel margine che serve al chirurgo per una radicalità oncologica!)

Intramural distal spread .2 cm is seen in only 3.6% of cases.(Shirouzu 2002, da Parfit)
Zhao 2005: margini.



What are the best imaging tools for staging?

Joan Mir6, The Hunter (Catalan Landscape)


http://www.moma.org/collection/artist.php?artist_id=4016

cTlvscT2

EUS The most accurate imaging (T1/T2)

—> Accuracy between 69% and 97%  [Bipat 2004]

—>Not for high or stenosing tumors (rarely early)
[Nesbakken 2003]

inal vesicles

as accurate as EUS for staging superfi cial fumors (comparative studies)

Endorectal MRT - jess observer dependent than EUS

- also in high located or stenosing cancers

- more expensive

- less comfortable for patients

Phased array MRT

Multispiral CTs

Not reliable in the differentiation between T1 versus T2

[Kim 2007]

Valentini, Glimelius, Acta Oncologica, 2010


http://www.issoonline.com/content/3/1/36/figure/F3?highres=y
http://www.issoonline.com/content/3/1/36/figure/F2?highres=y

cT2vs cT3

— MRT is equivalent to histology in

measurement of extramural depth

Phased array MRI | Not for differentiation

T2 vs borderline T3

'1--.

Multispiral CTs If with optimal bolus timing and reconstruction in multiple planes >

high sensitivity and specificity for prediction of tumor penetration in
the bowel wall, BUT...

- not for low rectum located tumors.

—>CT accuracy superior to EUS performed in less expert EUS centers
Valentini, Glimelius, Acta Oncologica, 2010


Presenter
Presentation Notes
Phased array MRI
Not for differentiation T2 vs borderline T3 
desmoplasia without -pT2- and with -pT3- tumor cells
“ It is thought to be a cut-off distance of 6 mm between a tumor and the mesorectal fascia. This criterion was highly accurate in predicting CRM involvement. A distance of at least 5 mm between a tumor and the mesorectal fascia at MR imaging helped predict an uninvolved CRM of 1 mm at histologic analysis with 97% confidence. ” Beet-Tan et al., Radiology 2004


cT3vscT4

EUS EUS is considered not to be accurate

Multispiral CTs | is accurate for staging the advanced T3 tumors in the middle

and high rectum

Phased array MRl  To distinguish ¢T3 from cT4

FDG PET-CT

not useful
for cT
staging!!!

Valentini, Glimelius, Acta Oncologica, 2010



Sphincter infiltration

EUS Both endoanal MRI
and phased array MRI
are reliable in

Endoanal coll MRl assessing  sphincter
infiltration

Phased array MRI

Multispiral CTs Promising for the evaluation of the distance of the tumour to

the anal sphincter (Low vs medium-high)

Valentini, Glimelius, Acta Oncologica, 2010


Presenter
Presentation Notes
Both endoanal MRI and phased array MRI are reliable in assessing sphincter infiltration. Sphincter infiltration can be accurately assessed by digital examination and/or EUS, but if an MRI is performed performed sphincter infiltration is also accurately evaluated on MRI using an external phased array technique and is recommended above an endoanal coil MR technique. However, the number of available studies is limited [17,28].

Immagine da Iafrate e Barbaro


Endorectal MRI

EUS

CRM vs CRM-

> Not accurate for mesorectal fascia evaluation.

Conventional CT

Multispiral CTs

J

Promising ...but not in low fumors
(especially if located in the low anterior rectal wall)

Phased array MRI  highly accurate for the prediction of CRM positivity

Valentini, Glimelius, Acta Oncologica, 2010


Presenter
Presentation Notes
Oberholzer et al. Immagini con foto preswe da qui!


EUS EUS superior to non C.E. MRI and CT
(but the entire mesorectum not explored!)

EUS guided FNAB accuracy up to 100%

CcNO vs cN1-2

New generation multislice spiral CT cannot accurately distinguish

Multispiral CTs |  petyeen malignant and benign lymph nodes measuring 8 mm

Phased array MRI

Morphological features
(mixed signal intensity within the
lymph node and/ or irregularity of
the borders due to capsular

penetration by malignancy)

extra mesorectal N+ both mesorectal and extra mesorectal N+

Accuracy rate 71% to 91%

FDG PET-CT @ disappointing results especially in the mesorectum when bulky fumor

Valentini, Glimelius, Acta Oncologica, 2010


Presenter
Presentation Notes
CT, MRI and EUS all rely on size criteria for predicting nodal metastases
Phased array MRI
Lower accuracy than other prognostic features
Morphological features (mixed signal intensity within the lymph node and/
or irregularity of the borders due to capsular penetration by malignancy) 



£ iagnostic Accuracy of Nodal
Enhancement Pattern of Rectal
Cancer at MRI Enhanced With
Ultrasmall Superparamagnetic lron
Oxide: Findings in Pathologically
Matched Mesorectal Lymph Nodes

T2-w MR image
T2-w MR image image with USPIO . L
node classified as malignant reactive hyperplasia reactive changes within node

I inferobserver agreement

II diagnostic specificity

... (but the same sensitivity as morphologic MRT)

Sensitivity 91% (41% in lymph nodes < 5 mm)

USPIO MRI
Specificity 98%

Dow-Mu Koh ET AL., Gastrointestinal Imaging, 2009


Presenter
Presentation Notes
morphologic findings in pathologically matched mesorectal lymph nodes
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Accuracy of Gadofosveset-enhanced MRI for Nodal Staging and
Restaging in Rectal Cancer

Gadofosveset = blood pool MR contrast agent that binds to human
albumin and is originally marketed for vascular MR imaging

Only a very small part
of the node enhances

Homogeneous high
signal-intensity

Improved sensitivity 76% > 80%,
improved specificity 82% > 97%

Lambregts et al.., Annals of Surgery, 2011


Presenter
Presentation Notes
FIGURE 1. A–D, Malignant node on gadofosveset-MRI. 
A, Two low signal-intensity nodes with a bright adjacent blood vessel (open rectangle). B, The node (rectangle) has
low signal-intensity and a flat appearance. The vessel (V) has high signal-intensity and a “relief sign”, due to  accentuation of the water fat shift MR-artefact encircling the vessel. C, Only a very small part of the node enhances, whereas the rest remains completely dark. D, Histology confirmed a malignant node. 
E–H, Benign node on gadofosveset-MRI. E, Small mesorectal node (open rectangle). F-G, The node has a homogeneous high signal-intensity and a “relief sign”, similar to the vessel in B. H, Histology confirmed a benign node.
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Magnetic Resonance Imaging—Detected Tumor Response
for Locally Advanced Rectal Cancer Predicts Survival

Outcomes: MERCURY Experience T2-we|gh1'ed MRI

Correlation between radiologically determined
tumor response and long-term outcomes
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@iectal Cancer: Assessment of
Complete Response to Preoperative
Combined Radiation Therapy with
Chemotherapy—Conventional MR
Volumetry versus Diffusion-weighted T2-weighted
MR Imaging’ o =

Post-RTCT diagnostic
performance for
the assessment of a CR

Pre RTCT

vDW MR volumetry AUC 0.93
v'T2-W volumetry AUC 0.70
v ADC AUC 0.54

Post RTCT

Difficult to differentiate TRG 1 (complete response) vs TRG 2

(small microscopic clusters of residual tumor) Il

Curvo-Semedo et al, Radiology, 2011


Presenter
Presentation Notes
Examples of manual tracing of free-hand ROIs for calculation of the sectional area of tumor in each section performed on pre-CRT T2-weighted ( a ) and DW ( b ) MR images and on post-CRT T2-weighted ( d ) and DW ( e ) MR images. ROIs were copied from the diffusion images with b = 1000 sec/mm 2 to the corresponding pre-CRT ( c ) and post-CRT ( f ) ADC maps to calculate mean tumor ADC values. Sectional areas were multiplied by section thickness to determine the tumor volume.
measurements.
In conclusion, post-CRT volumetry on DW MR images was signifi cantly more accurate than was post-CRT volumetry on T2-weighted MR images to assess a CR after CRT in patients with LARC.


B

iffusion-Weighted MRI for Selection of Complete Responders
After Chemoradiation for Locally Advanced Rectal Cancer:
A Multicenter Study

Combination MRI + DWI
promising for more
precise selection of
patients eligible for

minimally invasive
treatments.

f%
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Ly -
—>“
‘ -
5

»ADC values are dependent on technical variations
»>Results premature for clinical decision-making

Lambregts et al., Ann Surg Oncol, 2011


Presenter
Presentation Notes
Standard T2-weighted images of two patients with a tumor (T) in the rectum before (a, d) and after chemoradiation treatment (b,e). In both cases, the tumor bed has become fibrotic after chemoradiation (arrowheads), which makes it difficult to discriminate between residual tumor and a complete response. 
In the upper patient, there is still a clear high signal intensity area on DWI (arrow in c), which was confirmed to be a ypT2 residual tumor at histology.
In the lower patient, no high signal is shown on DWI (f) and a complete tumor response (ypT0) was confirmed at histology


Value of ADC measurements fotaging
after chemoradiation in locally advanced rectal

cancer—a per lesion validation study

DWI

Number of lymph nodes detected
(from 45% to 71%)

PPV from ~60% to ~ 90%
(reducing the overstaging errors)

Not useful for iscrimination
benign/metastatic nodes.

After chemoradiation,

T2W-MRI on its own is

already sufficient for
nodal evaluation

Lambregts et al., Eur Radiol, 2011
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Presentation Notes
1). visual DWI evaluation improves the number of lymph nodes detected (from 45% to 71%) but that it is not useful for discrimination between benign and
metastatic nodes.
2). ADC difficult to identify a clinically reliable threshold for malignancy
3). the addition of ADC to standard T2W-MRI did improve the PPV from 60–61% to 83–95%, thus reducing the overstaging errors. (valore predittivo positivo)





Before RT-CT

During RT-CT

After RT-CT

Restaging Locally Advanced Rectal Cancer with
MR Imaging after Chemoradiation Therapy

VS

DW MR

VS

FDG PET/CT

SUV 13

SuUV 14.2

i

restricted difosion

no uptake

DWI MR useful for
monitoring rectal cancer
response after CRT

CRM - !!

The detection of small
clusters of residual Tumor
cells remains a problem!

. CRM-, but
- small
~ cluster of
. residual
~ cancer cells
~ inthe
. mesorectum
(pT3 NO,
| TRG 3)

Barbaro et al., Radiographics, 2010


Presenter
Presentation Notes
Photomicrograph (original magnification, ×20; H-E stain) shows prevalent fibrosis in the posterior mesorectum (white arrow) and prevalent inflammatory tissue anteriorly (black arrow). No CRM involvement is seen. Histologic analysis revealed a small cluster of residual cancer cells in the mesorectum (pT3 N0, TRG 3). The association between findings at diffusion-weighted imaging and FDG PET/CT in this case was useful for predicting a clear CRM, thereby avoiding the misinterpretation of high residual FDG uptake anteriorly and the area of restricted diffusion posteriorly as residual tumor abutting the mesorectal fascia.


The use of FDG-PET/CT and diffusion-weighted magnetic resonance
imaging for response prediction before, during and after preoperative

chemoradiotherapy for rectal cancer

6 pts (27%) with pCR

Box plot of A SUV max during and after CRT, correlated with pCR
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patients with a pCR had a
mean reduction in SUV max of 59%

00012 }

0.0010 ¢

0.0008 |

Lower initial ADC
in patients with a pCR

(higher ADC= edema, necrosis= radioresistence)

The combination of the different time points and the different imaging modalities
increased the specificity 94% and sensitivity 100% in prediction pCR

Lambrecht et al, Acta Oncologica, 2010


Presenter
Presentation Notes
The  purpose of this study was on the one hand to validate the use of FDG-PET as an imaging modality for response assessment during and after CRT and
on the other hand to study if DW-MRI before CRT can provide us with additional information.
ROC curve analysis revealed that with a threshold value for Δ SUV max  40% we can identify all patients who will achieve a pCR aftertwo weeks (sensitivity 100%). 
 DISEGNO DX: During CRT, patients with a pCR had a mean reduction in SUV max of 59% + 12% whereas patient with no pCR only had a mean reduction of SUV max of 25%
+ 27% (p = 0.0036). After CRT patients with a pCR had a mean Δ SUV max of 90% + 11, while patients with residual tumor tissue had a mean Δ SUV max of
63% + 22 (p = 0.013).
In this limited number of patients the initial ADC value shows a very good correlation with pCR. The initial ADC is signifi cantly lower in patients with a
pCR compared to patients with no pCR after CRT. The reason for this lies in the tissue cellularity. High ADC values imply a less restrictive environment such
as interstitial edema and necrosis. Necrosis is associated with an acidic microenvironment and a low oxygen concentration which infl uences the response to
radiotherapy and chemotherapy [34,35].
More recently Sun et al. came to a similar observation in 37 patients with rectal cancer where they saw that pretreatment the mean tumor ADC in the downstaged
group was lower than that in the non downstaged group [18].






Canan FDG-PET{CT Predict Tumor.CIeara nce of 1:'th Autocontouring of volumes exceeding a
Mesorectal Fascia after Preoperative Chemoradiation specified threshold on PET determined

by the measured signal-to-background
of Locally Advanced Rectal Cancer? ratio (SBR)

PostRTET.

CRW*4

> Post-CRT PET/CT is not a useful tool for evaluating anatomic tumor changes.
> It's not accurate in predicting tumor clearance of the MRF.

Vliegen et al., Strahlentherapie und Onkologie, 2008
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ACCURATE PREDICTION OF PATHOLOGICAL RECTAL TUMOR RESPONSE AFTER
TWO WEEKS OF PREOPERATIVE RADIOCHEMOTHERAPY USING "°F-
FLUORODEOXYGLUCOSE-POSITRON EMISSION TOMOGRAPHY-COMPUTED
TOMOGRAPHY IMAGING

pre- day 8: day 15: pre-
treatment: surgical:

The SUVmax-based
response index calculated
after the first 2 weeks of
RCT provided the best

__ predictor of pathological
%, treatment response.
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..a hew
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factor?
i

Peritumoral inflammatory
reactions - mispredictions!!

¥ L sk :

5 4'-' . [ Y .. ¥ % -“ 4 )
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Janssen, et al., Int. J. Radiation Oncology Biol. Phys., 2010
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Presentation Notes
Fig. 1. Representative FDG-PET-CT images at all four time points from a complete metabolic responder (A) 
a non-complete metabolic responder (B) 
and a patient with a pathological reported peritumoral inflammatory reaction (C).


Development and external validation of a predictive model for pathological
complete response of rectal cancer patients including sequential PET-CT imaging

Capirci C,, et al. Long-term prognostic value of 18FFDG PET in patients with locally advanced rectal cancer previously treated with
neoadjuvant radiochemotherapy. ATR Am J RoenTgenol 2006
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rectal cancer]
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Rosenberg R, et al. The predictive value of metabolic response to preoperative radiochemotherapy in locally advanced rectal cancer measured
by PET/CT. Int J Colorectal Dis 2009

van Stiphout et al, Radiotherapy and Oncology, 2011
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Presentation Notes
Recently, it has also been suggested that PET imaging might be correlated with tumour response after CRT in locally advanced rectal cancer. However, the studies involved used only a small number of patients, which meant that contradictory results were found. Further, only semi-quantitative PET measurements were used and analysed with univariate statistics [4,5,7,19–26]. 
Multivariate analysis was performed in only one study, whose results lacked statistical significance [27]. Notably, no studies verified and validated their results with external datasets, despite the fact that this represents an important prerequisite for the generalizability of prediction models for other institutes.
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D Upper pelvis

rectosigmoid junction or at least 2 cm proximal to

Cranial edge of peri-rectal CTVA: the superior extent of macroscopic disease

Where the common iliac vessels bifurcate into external/internal
iliacs (approximate boney landmark: sacral promontory)

At midline at least
l1cm anterior to the
sacrum

==>avoid contouring into uninvolved bone
==>avoid extending into uninvolved pelvic sidewall muscles (except for levators)
==>assign a uniform PTV margin and account for physiologic variability by adjusting the CTV

Myerson et al. Int ] Radiat Oncol Biol Phys. 2009


Presenter
Presentation Notes
Data on lymph node invasion are generally
from Japanese studies, as extended pelvic lymphadenectomy
evolved to become the standard (nota from Roelas 2006)


Mid pelvis

Anteriorly extend CTVA ~1 cm
into the posterior bladder, to
account for day-to-day
variation in bladder position

The posterior and lateral
margins of CTVA should extend
to pelvic sidewall musculature or

bone

Myerson et al. Int ] Radiat Oncol Biol Phys. 2009



Presenter
Presentation Notes
CTVA includes the rectum and its mesentery, the internal iliac region, and a margin for bladder variability. 
NB  include at least the posterior portion of the internal obturator vessels 




Lower pelvis

The caudad extent: at least 2 cm
caudad to gross disease
(entire mesorectum to the pelvic
floor even for upper rectal cancers)

Unless there is radiographic
evidence of extension into the
ischiorectal fossa, CTVA does not
need to go more than a few
millimeters beyond the levator
muscles.

==> For very advanced anal or rectal cancers extending through the mesorectum or the
levators add ~1-2 cm margin up to bone

==> For T4 disease include a 1-2 cm margin around the identified areas of invasion of the
neighboring organ

==> An MRI and/or PET/CT scan is strongly recommended in such cases.

Myerson et al. Int ] Radiat Oncol Biol Phys. 2009




Elective Nodal Irradiation: Indications

External iliac Extentioninto GYN or GU structures (T4) or anal canal

Inguincd Extention to the anal verge, peri-anal skin, or lower one-third of the vagina

Caudad extent of elective target
volumes: 2 cm caudad to the
saphenous/femoral junction.

The transition between inguinal 2> external iliac
regions at the level of the caudad extent of the
internal obturator vessels (approximate boney
landmark: upper edge of the superior pubic rami)

Myerson et al. Int ] Radiat Oncol Biol Phys. 2009




Boost Volumes and Planning Target Volumes

boost CTV

PTV margin

should extend to the entire mesorectum and pre-sacral
region at involved levels, including ~1-2 cm cephalad
and caudad in the mesorectum and ~2 cm on gross
tumor within the anorectum.

~0.7to 1.0 cm (~2-5 mm within the skin surface).

Myerson et al. Int ] Radiat Oncol Biol Phys. 2009
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Presentation Notes
boosts might be defined differently in different protocols, might be affected by evolving imaging capabilities, and might vary sharply between patients. 



Leterature disagreements: anterior border

Myerson 2009

Roels 2006

The RTOG anorectal group was
more generous on this border to
account for day-to-day
variability in the location of
structures immediately anterior
to the rectum
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Paragrafo from Myerson



Leterature disagreements: ischiorectal fossa

Myerson 2009

Roels 2006

Failure in the ischiorectal fat in the absence of
frank invasion on presentation was very
infrequent and RTOG opted for more conformal
coverage of the low anorectum.

Syk 2008

Not only the exclusion of the sphincters,
but also that the levator and puborectal
muscles can be spared RT if a sphincter-
saving procedure has been planned.

If the IPS is not at risk for subclinical
disease (tumor is located 6 cm above the
anal margin), the external and internal
sphincter with the surrounding ischiorectal
fossa, should not be included in the CTV.
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Preso da Roelas: We suggest the inclusion of the inferior pelvic subsite
(IPS) in the irradiated volume in the following instances: (1)
when the surgeon aims at a sphincter-saving procedure and
the tumor is located within  6 cm (depends on the center)
from the anal margin, or (2) when the tumor invades the
anal sphincter and an APR is necessary


PROSPECTIVE RANDOMIZED DOUBLE-BLIND PILOT STUDY OF SITE-SPECIFIC
CONSENSUS ATLAS IMPLEMENTATION FOR RECTAL CANCER TARGET VOLUME
DELINEATION IN THE COOPERATIVE GROUP SETTING

A representative
case of rectal cancer
contoured by 14
physician with and
without an atlas

Observers (n= 14)

Group A = Experimental | I Randomization | | Group B = Control Cohort

+€T9+
Confour Scan2 Contour Scan2
lesh lesh

v' Increased contour agreement only for CTVA

n=7 (n=6)

v 6TV and CTVB, inter intra observer
substantial

Fuller et al., Int. J. Radiation Oncology Biol. Phys., 2011



Wyvnn Bullock, Sunken Wreck, MOMA, NY


http://www.moma.org/collection/artist.php?artist_id=861

“An expert is someone who knows some of the worst
mistakes that can be made in his subject, and how to
avoid them”™

Werner Karl Heisenberg



Presenter
Presentation Notes
Imparare dai nostri errori….



Site of local recurrence

No. rec. in Risk for rec. Rec in specified

Pelvic No. at No. rec. specified in specified  subsite / Total

subsite  First author risk (n) (n) subsite (n) subsite (%) Rec.

] Gilbertsen & 32 = 1 44
.}é Mendenhall i 45
g Gudenon ;| 4904 (211/435) (five studies) 2
&  Hruby ! 47

Wiig — 46 27 — 59
211 49
LIPS Gilbertsen 80 32 1 1 3
Mendenhall 1 : = 10
= Gunderson 27
@ Killingback 21% (97/469) 70
S Hruby 11
Wiig — 46 25 — 54
[469 | 97 21
IPS Gilbertsen 89 32 5 6 16
Mendenhall 00 40 4 4 10
Gunderson 29
1
= McDermott 16
o . .
= 12% (68/580) five studies)
= Hruby 6
- | LA | TFY 12
Gilbertsen 89 — 5 6 —
Hruby 100 — 16 16 —
189 21 1
APS Gilbertsen 80 32 I3 I35 40
Mendenhall 15
- Gunderson 44
2 McD tt 0 12
g McDermo 17% (104/626)
&  Hruby 11
Wiig — 46 12 — 26
104 17

Roels et al, Int. J. Radiation Oncology Biol. Phys., 2009



Presacral Recurrence: pathogenetic hypothesis

Tumour recurrence might arise from lateral lymph nodes

Lymph tissue (asterisks) surrounding
the middle rectal artery and vein after

A staining with LYVE-1 antibody.
(*
Rl T The lymph tissue also enters the
3 < * mesorectal space, tfogether with
AT x ) the middle rectal artery/vein

Connections between the mesorectal and

(lateral) extramesorectal lymph node system
exist, located below the peritoneal reflection
on the anterolateral side of the fetal rectum

If positive lateral lymph nodes
are not suspected and thus not
LLND is probably not an option (....?) irradiated (IMRT) might give rise to
problems...!

Kusters et al., British Journal of Surgery 2010
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Dall’articolo della Kusters :
The presacral subsite is the most prominent site of local recurrence in both early andadvanced rectal cancer ipotesys:
1 tumour cells accumulate in the presacral space by the force of gravity and
develop into presacral local recurrence.
2 tumour cells that are pumped into the
lateral lymph flow routes during surgical manipulation
3 tumour spillage from positive margins and leakage from lateral lymph flow routes
It is unclear whether radiotherapy can sterilize extramesorectal tumour particles.

Radiotherapy can possibly reduce local recurrence rates
in the lateral pelvic subsite6. However, even after radiotherapy
presacral local recurrences are still common6,17.




Patterns

of local recurrence in rectal cancer; a study of the Dutch TME trial

l Patients with local recurrence

pPoo RT+ = 4.6% RT- = 11%
Median (range) (36 pts) (87 pts)

Sex
Male 23 (64) 46 (59)

Female 13 (36) 32 (41)

Distance from anus
< S5cm 20 (56) 28 (36)

5—10 cm 10 (28) 37 (47)
> 10 em 6 (16) 13(17)

Resection type
APR 18 (50) 45 (58)

LAR 16 (44) 29 (37)
Hartmann 2 (6) 4(5)

T-stage
T1 _

T2 5 (14) RT + (n = 713) RT — (n = 704)
T3 28 (78)
T4 3 |Presacral 15 (2.0) 25 (3.6)

N-stage
o 10 08) Lateral 9 (1.1) 14 (1.9)
N1 12(33) |Anterior 6 (0.7) 14 (1.9)
N2 14 (39) .

M Anastomosis 5(0.7) 19 (2.7)
Negative 17 47 |Perineum 0 (0) 4 (0.6)
Positive 289 ' Unknown 1(0.1) 2(0.3)

TOTAL 36 (4.6) 78 (11.0)

M. Kusters et al. EJSO, 2010
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LA RADIOTERAPIA LE RIDUCE DI NUMERO MA NON DI SEDE

Presacral local recurrences (Fig. 1) occurred most in both randomisation groups (5-year local recurrence rate RT þ TME: 2.0% and TME: 3.6%). 
There was a significant difference between the two randomisation arms in the anastomotic subsite, with 0.7% 5-year local recurrence in the RT þ TME group and 2.7% in the TME group ( p ¼ 0.003).
 Lateral local recurrences comprised about 20% of all local recurrences 
Radiotherapy resulted in small numbers of local recurrence, except when distal margins were less than 5 mm.

DALLA DISCUSSIONE DI KUSTERS We can conclude that lateral disease is responsible for a considerable amount of local relapse. We previously analyzed only low rectal tumors, when lateral lymph node spread is especially present, and noticed a significant difference between the RT þ TME and TME arms. Thus, radiotherapy can probably sterilize lateral tumor particles in most of the cases 16, but is ineffective in preventing presacral local recurrence, which might also be originating from the lateral lymph flow routes 19. A problem however arises if positive lateral lymph nodes are not included in the radiation target volume, as in intensity modulated radiation therapy (IMRT). In contrast to the TME trial, in which the lateral lymph nodes were probably always irradiated, smaller areas only receive a high dose of local radiotherapy in IMRT, not including the lateral areas if they are not suspected to be involved. 


&

OCAL RECURRENCE IN RECTAL CANCER: ANATOMIC LOCALIZATION
AND EFFECT ON RADIATION TARGET

Level of recurrence
L5-S1 disc
100% recurences in the lower 75% of the pelvis 91-100 4 |
(2/3 in the lower one-half) 81-90
— 71-80 _:I:I @ Primary tumour 11-15 cm
— _
= 61-70 ] m Primary tumour 6-10 cm
8 51-60 | m—
3 41-50 | 1 O Primary tumour 0-5 cm
] 31-40
3 21-30 |
A lowering of the upper limit of = e
.. 11-20
the clinical target volume could 010
be introduced 2
Puborectal
muscle 5 10 15 20 25
number of patients

0.3% relapse in the lowest 20% of the pelvis of pts with a
mid- or high rectal cancer

S

The anal sphincter complex with surrounding tissue
could be excluded in patients with primary tumors
>5 cm from the anal verge

Syk et al, Int. J. Radiation Oncology Biol. Phys., 2008
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The results support not only the exclusion of the sphincters, as done in our study, and recommended by Roels et al. (26), but also that the levator and puborectal muscles can be spared RT if a sphincter-saving procedure has been planned.

IL PROBLEMA DELLA RADICALITà CHIRURGICA NEL MESORETTO BASSO: Thus, the risk of inadvertently leaving parts of the mesorectum is greater in the lower pelvis. This could explain the high proportion of remaining mesorectum among patients with local failure. It could also explain why no failures were detected in the upper 25% of the pelvis.




)
OCAL RECURRENCE IN RECTAL CANCER: ANATOMIC LOCALIZATION
AND EFFECT ON RADIATION TARGET

Upper one-third rectal cancer

Unnecessary irradiation of the intzrnal iliac
nodes > lowering the upper CTV border

Unnecessary irradiation of the obturator nodes
- the ventral and lateral extensions in the
caudal part of the CTV could be reduced

Syk et al, Int. J. Radiation Oncology Biol. Phys., 2008
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Presentation Notes
The results support not only the exclusion of the sphincters, as done in our study, and recommended by Roels et al. (26), but also that the levator and puborectal muscles can be spared RT if a sphincter-saving procedure has been planned.

IL PROBLEMA DELLA RADICALITà CHIRURGICA NEL MESORETTO BASSO: Thus, the risk of inadvertently leaving parts of the mesorectum is greater in the lower pelvis. This could explain the high proportion of remaining mesorectum among patients with local failure. It could also explain why no failures were detected in the upper 25% of the pelvis.




Correlation between tumour level and lateral N+ incidence

Tumour level N° pts Positive lateral Nodes

>6.1 cm 308 2 (0.6%)
5.1-6 72 1(1.4%)
4.1-5 69 6 (7.5%)
3.1-4 65 6 (7%)

2.1-3 72 12 (16.7%)

11-2 80 10 (12.5%)

0-1 98 29 (29.6%)

All 764 66 (8.6%)

A

Internal
! Internal ﬂ _ F iliac
\ J

Takahashi T et al., Dis Colon Rectum 2000



DTHREE-DIMENSIONAL ANALYSIS OF RECURRENCE PATTERNS IN RECTAL
CANCER: THE CRANIAL BORDER IN HYPOFRACTIONATED PREOPERATIVE
RADIOTHERAPY CAN BE LOWERED

94 local recurrences analyzed
(69 RT-n and 25 RT+ patients)

RT+, CRM- RT-, CRM-

Primary tumor
distance from
the anal verge

<5 cm

5-10 cm cranial border of the
treatment fields used in

>10cm @ the trial

level of the S2-S3
AT, CRe interspace

Nijkamp et al, Int. J. Radiation Oncology Biol. Phys., 2011
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Results: The use of preoperative RT mainly reduces anastomotic, lateral, and perineal recurrences. In patients without primary nodal involvement, no recurrences were found cranially of the S2–S3 interspace, irrespective of the delivery of RT. In patients without primary nodal involvement and a negative circumferential resection margin (CRM), only one recurrence was found cranial to the S2–S3 interspace. With a cranially reduced CTV to the S2–S3 interspace, over 60% reduction in absolute small bowel exposure at dose levels from 15 to 35 Gy could be achieved with three-field conventional RT, increasing to 80% when IMRT is also added. 
Conclusions: The cranial border of the CTV can safely be lowered for patients without expected nodal or CRM involvement, yielding a significant reduction of dose to the small bowel. Therefore, a significant reduction of acute and late toxicity can be expected

VOLUMI RT: For RT pts (xx) the CTV included the primary tumor and the mesorectum with vascular supply containing the perirectal, presacral,and internal iliac nodes. The upper border was at the level of the promontory. The perineum was included if an abdominoperineal resection (APR) was planned, whereas the lower border was 3 cm above the anal verge if the planned operation was an low anterior resection (LAR). Three- or four-field conformal treatment techniques were used.



Q'THREE-DIMENSIONAL ANALYSIS OF RECURRENCE PATTERNS IN RECTAL

CANCER: THE CRANIAL BORDER IN HYPOFRACTIONATED PREOPERATIVE
RADIOTHERAPY CAN BE LOWERED

Relative volume reduction of exposed small bowel # Conformal, PTV_small
100% T = i l W IMRT, PTV _conv
- A IMRT, PTV_small
B0, 7@ A A

B0%

- l T | _/’ T4t
\

L 6bW il
40% il o T L& t
o L1 e |1
l I

'D% T - T I T T T T
0 5 10 15 20 25 30 35 40
Dose (Gy)

of exposed small bowel

Relative volume reduction (%)

For N - and CRM- patients CTV can probably be
reduced on the cranial side to the S52-S3
interspace without significantly increasing the
local recurrence rate

Nijkamp et al, Int. J. Radiation Oncology Biol. Phys., 2011


Presenter
Presentation Notes
Commento al grafico: la sommma di CTV small e IMRT riduce moltissimo (78%) il’intestino che riceve 15 Gy (unico constranit presente  in letteratura x la tox acuta - Robertson et al. (11) – perché x la tox tardiva non c’è un dato altrettanto convalidato.
…at the 15 Gy dose level, an average 31% reduction was shown compared to conformal three-field treatment plans. 
The reduction of the CTV was, however, significantly more effective, with an average reduction of 65%.
 As with all measures to reduce small bowel exposure, the combination of measures led to the most relative volume reduction of 78%.



D ETHODOLOGY

Intensity-modulated radiation therapy (IMRT) vs. IMRT
3D conformal radiotherapy (3DCRT) in locally
advanced rectal cancer (LARC): dosimetric

comparison and clinical implications v decreases irradiation of the OAR

v' improves target conformity...

v/ ..increasing target heterogeneity
v more IBV at 5 Gy but less IBV > 20 6y

Isodose distribution in a patient with a uT3N+ medial rectal cancer

DVH PTV

Arbea et al. Radiation Oncology 2010
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Presentation Notes
Purpose: To compare target dose distribution, comformality, normal tissue avoidance, and irradiated body volume
(IBV) in 3DCRT using classic anatomical landmarks (c3DCRT), 3DCRT fitting the PTV (f3DCRT), and intensitymodulated
radiation therapy (IMRT) in patients with locally advanced rectal cancer (LARC).
Target Coverage and Dose Distribution: The IMRT plans failed to meet the prescription goal of PTV95 ≥ 45 Gy in two out of 15 cases (44.8 Gy and 44.4 Gy), although the deviation was minimal (-0.4% and -1.3%, respectively).
SB Avoidance: The volume of SB receiving ≥ 40 Gy with IMRT was roughly one third of the SB V40 irradiated with c3DCRT (68.9 cc vs. 178.3 cc, p < 0.05) and one-half of the SB irradiated with f3DCRT (68.9 cc vs. 140.3 cc, p < 0.05).
Bladder Avoidance: IMRT also demonstrated a clear advantage in terms of bladder sparing. The volume of bladder receiving ≥ 40 Gy with IMRT was approximately one third of the bladder V40 irradiated with c3DCRT (34.4 cc vs. 94.7 cc, p < 0.05) and one half of the bladder irradiated with f3DCRT (34.4 cc vs. 60.9 cc, p < 0.05). The


L Evaluation of three different CT simulation and

planning procedures for the preoperative irradiation
of operable rectal cancer

fields based on
bone anatomy on
CT scans

Cranial, anterior
and caudal
extension of the
CTV manually

marked with a
cross symbol on the
CT-slices >
extended by 2 cm

Procedure 2

CTVs and OARs
defined on CT
slices

Procedure 3

Percentage of the patient cohort in which
at least 95% of the PTV is covered by
the 95% isodose (PTV957%P95%)

‘ O Procedure 1 @ Procedure 2 @ Procedure 3 |

|

T T
Level | Level Il Level Ill

87.0 (54-100) 94.0 (78-100) 99.0 (94-100)
Time
consuming!

24 vs 4 min

Borger et al. Radiotherapy and Oncology, 2008
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From introduction: we felt it is important to perform a study, in which the classical 2D bony landmark method will be evaluated for its Planning Target Volume (PTV) coverage quality and dose homogeneity by comparing it with the 3D-conformal technique as reference. In addition, we developed a CT-3D based technique without target delineation but with the help of 2 defined
landmarks in order to reduce working time and also evaluate its quality in comparison to the reference 3D-conformal technique.
In procedure 1 CT scans were used to design the fields based on bone anatomy:
In procedure 2 The most cranial and anterior extension of the CTV manually marked with a cross symbol on the CT-slices A second cross symbol defined the most caudal extension (of the mesorectum or the GTV). The field as indicated by these two cross symbols was then extended by 2 cm in the cranial, caudal and anterior direction in order to determine the definitive field border.
In procedure 3, a CTV volume was constructed from GTV (primary tumour based on MR), STV, mesorectal subsite, posterior pelvic subsite, and the regional lymph nodes at risk. MLCs were used to shield the bladder and small bowel.




a4 N

Can we use
new imaging tools
for target
definition?

\ /

René Magritte, L'empire des lumieres



Q/\

MR vs CT inaging: low rectal cancer tumour delineation for
t =dimensional conformal radiotherapy

10 patients with low rectal cancer
(defined as < 6 cm from the anal verge)

Axial CT 6TV

N.B. > Fusion of CT and MR data sets not attempted!/

All measurements were
determined with a tool

Parameter measured (units) p-Value Wl'l'hln The TPS
Length of tumour (cm) 0.000

Maximum width of tumour (cm) 0.050

Volume of tumour {cm?) 0.003

Height of proximal tumour to anal 0.003

verge (cm) \

Tumour volumes defined on MRI are smaller, shorter and more distal
from the anal sphincter than CT-based volumes

O’Neill et al, The British Journal of Radiology, 2009
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Presentation Notes
NB tra la TAC (fatte 2 una di centratura prona e una di documentazione-supina) e la MRI passano 2-3 settimane, poi inizia la RT CT!
Estimates of tumour volume, tumour length and height of proximal tumour from the anal verge were larger on planning CT than on MRI (p , 0.05).



The utility of multimodality imaging with CT and MRI in
defining rectal tumour volumes for radiotherapy treatment

planning: a pilot study

Volumetric comparison

Co-registration: automated coordinate registration based
upon maximisation of mutual information matching

Volumes Total tumour volume
Mean CT GTVIMR-GTV ratio (range) 1.2 (0.5t02.9)
Mean (ave log ratio) 0.12

Geometric mean (g™==n) 1.13

Standard deviation 0.41

Standard error of the mean 0.11

Staging MRI usefull

Difference between reference points (cm)
Reference points on Superior Inferior Anterior Posterior
CT-GTV-MR-GTV Reasonable spatial correlation of CT / MR GTV!I
Mean difference 0.18 0.38 -0.08 0.01
Mean difference range —20to 4.0 —-30to 4.0 -57 to1.95 -093t0 077
Geometric mean (™" 1.2 1.47 0.93 1.01
Standard deviation 1.33 1.54 1.83 0.53
Standard error of the mean 0.34 0.4 0.47 0.14

MRI better definition of
tumour extent (and N+)

Simulation MRI
investigational

Tan et al, Journal of Medical Imaging and Radiation Oncology, 2010
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Immagin : Distal rectal cancer invading the anus shown on T2-weighted MRI. It was not evident on CT and not clinically detected.
In this case the disease extent was not adequately covered even by the larger pelvic nodal fields and hence there would have been a geographical miss through the entire course of treatment.
Therefore, MRI-based GTV contouring is important because it can detect the longitudinal tumour extension into the sigmoid colon and anorectum.
CONCLUSIONI: Multi-modality imaging with staging MRI can assist target volume definition (STAGING!!) where there is involvement of the sigmoid and anorectal region and avoid geographic misses. The role of a simulation MRI may aid in this process but remains investigational.( non necessary for contouring!!)
The utility and importance of MRI was highlighted where suboptimal tumour visualisation occurred in the sigmoid and anorectal sub-regions using CT.
Potential geographic misses can be avoided with careful review of the staging MRI. 
The use of simulation MRI did not greatly improve GTV contouring precision over CT plus diagnostic MRI review. Its role in radiotherapy planning remains investigational due to limited impact, time and resources.


PET-based
(auto) contouring?

Georges Braque, Mandora, 1910_



http://www.tate.org.uk/servlet/ViewWork?cgroupid=999999957&workid=1448&searchid=11037&tabview=image
http://www.tate.org.uk/servlet/ArtistWorks?cgroupid=999999961&artistid=803&page=1

2 Impact of Integrated PET/CT on Variability
of Target Volume Delineation in Rectal Cancer

GTVpand 6TVn PET vs CT inter-observer
similarity index

Standard

Modality Estimated SI 95% C1
Error
P—
CT 0.77 0.03 0.69 0.84
' FDG 0.81 0.03 0.75 0.870
é FLT 0.80 0.03 0.74 0.86
3 Inter-modality . Standard i
F  Difference SI difference Error P-value 95% CI
'_>_ FDG-CT 0.04 0.02 0.01 0.01 0.07
O FLT-CT 0.03 0.02 0.09 -0.004 0.06
FDG-FLT 0.01 0.02 0.54 -0.02 0.04
Modality ~ Estimated §1  >tandard 95% C1
Error
. CT 0.22 0.12 -0.087 0.52
[ S FDG 0.70 0.12 0.47 0.94
3 FLT 0.70 0.12 0.46 0.94
Z ,
S In]t)e.r—modahty SI difference Standard P-value 95% CI
- ifference Error
© FDG-CT 0.49 0.07 <.0001 0.35 0.63
ik FLT-CT 0.49 0.08 <.0001 0.34 0.64
FDG-FLT 0.001 0.08 0.98 -0.15 0.15

» Combined PET/CT lower inter-observer variability (N+ 1)

> No differences between FDG and FLT

Patel et al, Technology in Cancer Research & Treatment, 2007
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1. The objective of this study was to determine the impact of combined positron emission tomography and computed tomography (PET/CT) on inter-observer variability of target volume delineation in rectal cancer. 
2. We also compared the relative concordance of two PET imaging tracers, 18Ffluorodeoxyglucose (FDG) and 18F-fluorodeoxythymidine (FLT), against conventional computed tomography (CT)….. hypothetical boost treatment
CONCLUSIONS: Boost target volumes in rectal cancer based on combined PET/CT results in lower inter-observer variability compared with CT alone, particularly for nodal disease. The use of FDG and FLT did not appear to be different from this perspective.
FUSIONE DELLE IMMAGINI: The acquisition of FDG-PET data was then acquired without repositioning the patient. 
The PET and CT data sets were transferred to an Eclipse where the data sets were fused automatically using DICOM coordinates. 
Patients were set up in the same position for the FLT-PET acquisition, and fusion of these scans with the treatment planning CT scans was performed manually with the aid of surface fiducial markers visible on both CT and PET.
Legenda tabelle: GTVp definition became more consistent with the addition of the PET information. Using a linear mixed effects model to adjust for the interdependent relationships between the SI data, the estimated SI for CT was 0.77, for FDG 0.81 and for FLT 0.80. .. The SI difference between FDG and FLT was not significant (p = 0.54)


Q‘DG-PETICT IMAGING FOR STAGING AND TARGET VOLUME DELINEATION IN
PREOPERATIVE CONFORMAL RADIOTHERAPY OF RECTAL CANCER

Volume of interest Mean volume (cm?) SD

CT-GTV 77.2 103.3 . .
PET-GTV 56.4 700 Mean increase of GTV by 25%
PET/CT-GTV 96.8 104.5

CT-CTV 708.3 124.6 : )
PET/CT-CTV i 517 Meanincrease of CTV by 4%

A fixed threshold value of 407% of the
maximum uptake in the lesion was chosen

More CT

More CT

m) Combined PET/CT information could help prevent geographic missing
=) PET/CT can affect tumor staging or the treatment purpose

Bassi et al, Int. J. Radiation Oncology Biol. Phys., 2008
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Soglia della PET: To delineate PET-GTV margins a fixed threshold value of 40% of the maximum uptake in the lesion was chosen because the lesion volume was always greater than 4 cm3 (20)
In our experience, the tumor volume identified by PET only was smaller than that detected on CT images, but the coregistration of PET and CT images allowed identification of a potentially greater GTV (PET/ CT-GTV), with a mean increase of 25%, and also influenced (although by less magnitude) the CTV delineation (PET/CTCTV) at the level of both primary tumor and regional lymph
nodes, with a mean increase in size of 4%. In the present series, CT and PET volumes clearly differed, and the composite volume identified on PET/CT images was used for clinical purposes.


Target volume delineation for preoperative radiotherapy of rectal
cancer: inter-observer variability and potential impact of FDG-|
PET/CT imaging.

Inter-observer variability
using FDG-PET for target
volume delineation

10 radiation oncologists

N

50nCT 50nPET/CT

> coefficient of variation (CV) > lower
» concordance index (CI) - similar or higher with PET (GTV > CTV)

"PET/CT may allow
reducing inter-
observer variability
in 6TV delineation”

Krengli et al., Technol Cancer Res Treat. 2010



@Hmpact of ®F-FDG-PET/CT on Staging and Irradiation of
Patients with Locally Advanced Rectal Cancer

PET/CT affect tumor staging
and freatment purpose

Not recommend to reduce
commonly accepted target
volumes on the basis of
metabolic information

Usefull to extend traditional
volumes (CT-PTV) in high-risk
areas

PET threshold SUV > 2.5
Patients with geographic miss Patients without geographic miss
n= 16 n= 19
Median Mean SD Median Mean )]
CT-GTV (cm?) 140 193 141 126 137 46
PET/CT-GTV (cm?) 58 92 94 35 37 24
OV% 33 38 23 26 25 12
PET/CT-PTV outside
CT-PTV 3 11 20 24 o
(em) 20, Mean Overlap Volume 31%

Brigita Paskeviciute et al, Strahlenther Onkol 2009
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Presentation Notes
Retrospectivelly contoured an hypothetical boost volume!!
SOGLIA PET: SUV > 2.5 which could not be explained by physiological activity was considered malignant
NB: PET/CT was performed in the treatment position (prone position on a belly board).
Soglia e fusione: any suspected lesion with a maximum SUV > 2.5 which could not be explained by physiological activity was considered malignant.
There was no visually detected misregistration between CT and PET data (Eclipse)

LA PET NON SERVE X RIDURRE, MA PER ALLARGARE!!! In PET/CT, the definition of potential boost areas is easier.
We do, however, not yet recommend to reduce commonly accepted target volumes on the basis of metabolic information.
On the contrary our data show that on the basis of PET/CT we could have the possibility to adequately extend traditional volumes (CT-PTV) in high-risk areas.
COMMENTO ALLA TABELLA Our PET/CT-GTVs were smaller and the difference of PET and CT volumes was larger because PET/CT-GTVs were contoured based on PET information only.(cioè solo la captazione e non tutta la circonferenza come in TAC)

…Ciernik et al. observed an increase of GTV in three of six cases of preoperative rectal cancers studied with image fusion, leading to a 20 % increase of PTV [8].cioè: a lui aumentava il PTV con la PET e a noi è diminuito!


@tocal dose escalation using FDG-PET-guided
intensity-modulated radiation therapy boost for PET threshold SUV 5 2

postoperative Ioca}#rectal cancer:

a planning study with tomparison of DVH

and NTCP

Sensitivity = 94.5%
for local recurrent rectal cancer Specificity = 97.7%

(superior to CT and MRI) Accuracy= 95.9%

! Misalignment of the fusion of PET and CT images - on-line imaging

| Not recommend routine clinical use of focal dose escalation using FD6-PET/CT -
* guided IMRT

| When region of high FDG accumulation is near the OARs, careful radiotherapy
* planning is necessary

Jingu et al. BMC Cancer 2010
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THRESHOLDS: LORO HANNO SCELTO UNA SOGLIA DI SUV PIù BASSA RISPETTO AD ALTRI X DEFINIRE IL BTV: 40~50% of maximal SUV value source-background ratio arbitrary SUV value in some malignant tumors  we delineated BTV under the condition showing SUV of 2.0 to 20.0 (although SUV of 2.5~3.0 was used as a threshold value between malignancy and non-malignancy in many previous studies) 
Although SUV of 2.5~3.0 was used as a threshold value between malignancy and non-malignancy in many previous studies, we used SUV of 2.0 as the threshold value for BTV based on the fact that patients in the present study had already been irradiated with 40 Gy and based on the fact that Haberkorn et al.
reported the mean SUV of recurrent rectal cancer after radiotherapy with 40 Gy to be 1.8 [27].
Findlay et al. mentioned the so-called flare phenomenon that occurs at 1~2 weeks after the initiation of chemotherapy and that can be observed as a marked increase in FDG metabolism in lesions that
show response later [30].

possibility that radiation-induced inflammation masked a residual malignant tumor must also be considered. It may be inappropriate to
use FDG-PET for radiation planning during radiation therapy. (flare phenomenon)
misalignment of the fusion of PET and CT images (due to body movement, bowel peristalsis and difference in volume of urine, artifacts due to the so-called “hot urine”): a 5-mm circular margin was attached to each target volume and OAR might not be sufficient to cover such misalignment It is necessary to investigate such misalignment using on-line imaging (e.g., cone-beam CT) before clinical application



PET in rectal cancer

FDG-PET provides the best correlation with the tumor specimen compared
to MRI and CT in rectal cancer

26 pts

@ Surgery

5Gyx5

Predictive performance (tumour lenght mesurement) of the different modalities
PET auto | |PET manual MR T Endoscopy
Precision 037 197 182 335 382
Bias 013 091 0.66 1.03 046
Difference in precision (35% CI)* -160(-271t0 -050)  -145(-270t0-019)  -298(-400to-196)  -345(-7.601t00.70)

Autornatically generated PET-CT based
contours show the best correlation

with the surgical specimen

Signal-to-background-ratio (SBR) method

Buijsen et al., Radiotherapy and Oncology, 2011
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signal-to-background-ratio (SBR) method An SBR method was used to find for each patient a percentage threshold of the maximal SUV within a user defined Volume of Interest (VOI) around the tumor as previously described [13,14].
IL 5X5 NON RETROSTADIA!!!! …dalla discussione…. in order to have more certainty that tumor shrinkage did not influence our results, we went on and analyzed the maximal
diameters on PET-CT scans of 21 rectal cancer patients who had been imaged with PET-CT before and immediately after the fifth
fraction of radiotherapy as part of a sequential PET-CT study [4]. The mean tumor diameters as measured by auto-contouring were
5.1 vs. 5.0 cm on pre- vs. post-radiotherapy scans (p = 0.13). This to our opinion confirms that at least up until day 5 of radiotherapy no
significant tumor shrinkage has taken place. It is rather unlikely that 3 further days at the time of surgery would still result in a
measurable down-sizing. 


UTOMATED FUNCTIONAL IMAGE-GUIDED RADIATION TREATMENT

PLANNING FOR RECTAL CANCER

Automatically delineated BTV
(threshold of 40% of a single signal of inferest) Correlation of the CT-derived and PET-derived PTV

was sufficiently accurate (2 0.96; p < 0.01)

PET-defined GTV

1] 20 40 60 80 100

CT-6GTV
(if visible)

BTV

"

)

CT-CTV \J

CT 2°step

!

Ciernik, et al, Int. J. Radiation Oncology Biol. Phys., 2005
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FUSIONE TAC E PET: Hardware coregistration was done by use of the same coordinate system. The CT data set was the primary image set used for dose calculation, and the PET data were used as an overlay. Matching accuracy was verified according to the match of the body contour and with fiduciary markers (pinnacle)

SOGLIA DELLA PET: The threshold was derived by determination of the maximal signal intensity of the signal of interest and the signal-surrounding background intensity (11). The volume that was most appropriately reproduced by the PET was obtained if a threshold of 40% of a single signal of interest was chosen.

COMMENTO AL WORKFLOW 
Positron emission tomography-based planning inverses the process of planning target volume (PTV) definition from anatomic
information to primary biologic information. PET-based radiation therapy planning can be automated (*) starting with the biologic target volume, which represents tumor-specific target volumes that result in a preliminary working PTV (wPTV). Anatomic information and constrains from the computer tomography (CT) are used in a second step for manual refinement.


»
BIOLOGICAL IMAGE-GUIDED RADIOTHERAPY IN RECTAL CANCER:

CHALLENGES AND PITFALLS
/ |:| | | | continuous infusion of 5-fluorouracil (225 mg/m2) >
H - - F - Surgery (+/- TME)

180 cGy x 5/w 180 cGy x 5/w 180 cGy x 5/w 180 cGy x 5/w 180 cGy x 5/w

! All FDG-PET images were |
MRI and Rl and i analyzed with two delineation i MRI and

DG-PET/CT DG-P algorithms ! FDG-PET/CT /

MR -FDG-PET wvolume (cc)

80 . [E]Before CRT _ Meah
# : IE[DQring CRT Box MeantSE
70 E ngser CRT V\Jﬁisﬁ;r: MeantSD
Tumor volume analysis 60 Ao
Both MRI and FDG-PET 50 .
showed a trend 40 = : :
toward tumor shrinkage S : 2 » — .
during and after CRT . 2 : : B
10 gliﬂ % %:ﬂ 9 %] =
0 \ : T : % /%;
-10 : : 7
MR PET signal-to- PET gradient-based
background ratio segmentation method

Roels et al, Int. J. Radiation Oncology Biol. Phys., 2009
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Imaging was performed with MRI and FDG-PET/CT at three time points: before the start of CRT, after 10 fractions of RT, and before surgery
DUE ASPETTI CRUCIALI: 
1.The FDG-PET signals were segmented with an adaptive threshold-based and a gradient-based method.
2. Tumor volumes delineated on the images after CRT were compared with the pathologic TV.




Image coregistration and mismatch analysis

Nonrigid image
registration

algorithm

Calculation limited to the region inside the
mesorectum = minimized influence from the
bladder.

Roels et al, Int. J. Radiation Oncology Biol. Phys., 2009
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A nonrigid image registration algorithm using a B-spline transformation model and mutual information similarity measure was applied.
Details of this registration process have been described previously (21). 
The registration between the different FDG-PET/CT images was performed on the CT intensities. Asmall smoothness penalty was used to promote a regular deformation (22). 

To quantify the distance of the mismatches, we calculated the maximum and mean value of the shortest distances between the FDG-PET TV and MRI TV


By limiting the calculation of the mutual information to the region inside the mesorectum, the influence from the bladder was minimized. In the last multiresolution stage, a volume penalty was used to limit the volume change of the tumor when registering images over time (23).

 For the  registrations between CT and MRI, additional regularization was needed owing to the inherent differences between the modalities and the artefacts in the MR images. 

The smoothness penalty was increased and a volume penalty added throughout all multiresolution steps. Because only the region containing the tumor was relevant in this study, a region of interest around the FDG-PET TV was used for the registration. 

This also minimizes the influence of the differences in patient position between MRI (supine) and CT (prone).

A mismatch analysis of TVs was performed between MRI and FDG-PET and between the different time points. The mismatch of a given volume A to a given volume B is defined as the percentage of A that does not belong to B. It is 0 if A falls entirely inside B and is 100% if A and B do not overlap. 

For the FDG-PET TVs the gradient- based segmentation was used. To quantify the distance of the mismatches, we calculated the maximum and mean value of the shortest distances between the FDG-PET TV and MRI TV (Fig. 1).
The correlation between the TVs (MRI TV and FDG-PET TV) and the mismatch (between MRI and FDG-PET = MRI mismatch; between FDG-PET and MRI = FDG-PET mismatch) was calculated by means of the Pearson r correlation coefficient.



Correspondence mismatches between MR and FDG-PET

Mismatches up to 70-80%

shortest distances of 0.8 cm and a maximum value of approximately 2 cm

(mainly related to the relatively large and overestimated TV by MR)

Roels et al, Int. J. Radiation Oncology Biol. Phys., 2009
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When we evaluated the effect of FDG-PET on the MRI GTV, we found a mean FDG-PET mismatch of approximately 50% before CRT and during CRT. 
These percentages corresponded to an average maximum of the shortest distances of 12 mm and an average mean of the shortest distances
of 5 mm between the FDG and MRI TV before and during CRT.


Quantitative and spatial evolution

of tumor contours before and during chemo-radiotherapy

Similar reduction was measured during CRT compared with baseline

-— - -

Good correspondence i 4’% T\’ Good correspondence

40

mo-nl | '. |

” Average cor'respondence

coronal i i coronal

Roels et al, Int. J. Radiation Oncology Biol. Phys., 2009
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A mismatch of approximately 40% was calculated for the FDG-PET TV during CRT compared with the baseline FDG-PET TV. 
A similar result was seen for the registration of the TVs obtained after CRT (data not shown).
 For MRI, the corresponding mismatches were #30%.


Responce evaluation = Correspondence imaging = pathology

Patient no. MRI [cmi] FDG-PET [{:ml} Pathology [{:mi}

Gradient- based

4
1 7.76 3.54 37 method
5 B better than the
2 277 .53 )
: threshold-based
3 20.36 12.95 11.19 method
4 8.79 I -m 0 _-1? J against radiation-
5 7.15 3.61 pCR induced peritumoral
6 3.59 0 .55 inflammation
7 6.99 292 0.43
q 3.9 0 pCR No residual
9 18.29 318 2.25 Mt
10 345 2.05 pCR sigha in 94
X X of the pCR
11 2 7.09 .32 patients
12 4.08 0 pCR
13 0.48 (.35 pCR
14 1.32 0 pCR
15 8 5.4 0.13
All pCR
Relationship between tfumor volumes on MRI and FDG-PET acquired patients had a
before surgery, with the corresponding tumor volumes on the positive MRI
pathologic specimen

Roels et al, Int. J. Radiation Oncology Biol. Phys., 2009
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Validation of tumor volume calculation based on MRI and FDG-PET
Also after CRT, the FDG-PET TV decreased significantly less with the threshold-based method (75%) compared with the gradient- based method (87%). 
Although the overestimation of the tumor signal due to RT-induced mucositis could still be present, the explanation is more likely related to the limitations of the SBR algorithm and/or partial volume effects. 

After a long course of preoperative CRT the tumor shrinks substantially, and the FDG-PET signal intensity drops, resulting in small TVs and a low SBR. In these circumstances the resolution of FDG-PET images becomes insufficient, and the threshold-based method is not ideal for segmentation(25). 

Therefore, the interpretation of the results of the TV validation should be read with caution. We found that in 50% of the pCR patients, no residual FDG-PET signal could be
found. 

Conversely, in all pCR patients a MRI TV could still be defined. In those patients in whom the pathologist could still find tumor deposits, the gradient-based FDG-PET TVs matched closer to the pathologic TV than MRI-based TV estimation.

The same result was found in head-and-neck cancer patients (20, 31). For reasons discussed above, assessment of accuracy of both modalities after CRT is difficult. 

Moreover, it is of limited relevance for RT, which is based on pretreatment imaging, and small TVs can be resected with a wide and safe CRM. However, our validation results may roughly estimate the precision of the modalities in TV definition and indicate the shortcomings and limitations ofMRand FDG-PET that can occur during RT. 


FDG PET based Planning: features

» Low spatial resolution (4 to 7 mm)

» Low sensitivity for small mesorectal N+

* Doesn't predict y CRM+/-

» Inflammatory processes in/around the tumor

* Predictive power after neoadjuvant treatment

- Automated PET-based planning for 6TVs (not too small GTVsl)

* SUV threshold ? (signal-to-background ratio vs gradient-based
segmentation method)

» Other tracers than FDG (hypoxia or cell-cycle turnover) for a BTV

boost?
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better differentiation between tumor and benign tissue 
 detection of small positive lymph nodes



Ernst Haas ; Motion Runners



http://www.photographersgallery.com/by_artist.asp?id=43

®
Gold Markers for Tumor Localization and Target Volume

Delineation in Radiotherapy for Rectal Cancer

Mean three-dimensional deviation
was 0.38 cm (x 0.99 cm)

1 Mean shift of markers during the treatment < 0.25 cm in
all directions

1 No marker loss during the radiation treatment series
1 Tumor shrinkage

J Movements of the markers during restaging MRT

Vorwerk et al, Strahlentherapie und Onkologie, 2009


Presenter
Presentation Notes
To improve target volume definition for radiotherapy planning, the potential of implanted gold markers in the tumor region was evaluated.
Matching up using the MRI and the CT is not possible because the positioning of the patients was different and the internal organ localization is different due to the rectal balloon used in MRI.


IGRT in rectal cancer

Author! ref Year Topic Comments Rectal volume variation Main displacement and site
Tinger [36] 1998  Prostate cancer  — Weekly CT +daily portal images Mean (cc) 30+5-127 +36 76 +34
Stroom [37] 1999 Prostate cancer — CT scans on week 2, 4, 6-laxation Mean (cc) Supine: 123 Prone: 166
used in planning CT
Nuyttens [35] 2002 Recral cancer  — Weekly CT-adjuvant reatment-clips 1.5 cm Caudal
motion
Muren [33] 2003 Bladder cancer — Weekly CT +daily portal images Mean (cc) 62+25-72+420 30 mm Anterior and left wall
Hoogeman [38] 2004  Prostate cancer _ CT scans on days 1, 2 and 3, at the  Mean {(cc) 74+17 8 mm Anterior side
1" day and last day of the 2" week,
then weekly
— Empty rectum Mean 1 Cm!!
Fokdal [39] 2004  Bladder cancer _ 3 CT scan with rectal catheter filled  Mean (cc) 51(26-20)-185
— 2 CT scan with no rectum filling (70-307)
Stasi [40] 2006  Prostate cancer _ empty rectum Mean (cc) 53+11.5 0.1 mm anterior wall: recrur
superior half
Lotz [41] 2006  Bladder cancer _ Daily CT during 1° week; then weekly Mean (cc) 51 +8.4-243+5.3

Mesorectum motion: Front view

the largest mesorectum motion at
the anterior border of the upper
mesorectum

Surprisingly large mesorectum
motion was found at the posterior
part of the lower mesorectum

Mesorectum motion: Back view

Ippolito et al, Acta Oncologica, 2008
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Recently De Ridder et al. carried out a phase II
study on the use of helical tomotherapy in the
preoperative treatment of rectal cancer



% Volume

...Do we need Adaptive RT?

incorporating geometrical and biological changes during tfreatment
into the radiation freatment process
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...not only on pre-treatment
anatomical information!

Haustermans et al., Strahlentherapie und Onkologie, 2007
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Conclusion From Haustermans

The use of pre-treatment imaging only as a basis for the entire
treatment assumes anatomy and functional characteristics of tissue
do not change during the course of treatment. Since new
technologies have made it possible to track geometrical and biological
changes during treatment, this work tries to evaluate the
feasibility of incorporating biological information and its changes
during treatment into the radiation treatment process. If proven
feasible, our model will enable dose- and biology- driven adaptive
radiation therapy [14]. Adaptive radiotherapy is probably
superior to 3D conformal RT based only on pre-treatment anatomical
information. However, there are lots of pitfalls and more
research is needed before implementing these new techniques in
clinical routine.



Tonidel Tin, Ora X, 1953

ART?
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Conclusion From Haustermans

The use of pre-treatment imaging only as a basis for the entire
treatment assumes anatomy and functional characteristics of tissue
do not change during the course of treatment. Since new
technologies have made it possible to track geometrical and biological
changes during treatment, this work tries to evaluate the
feasibility of incorporating biological information and its changes
during treatment into the radiation treatment process. If proven
feasible, our model will enable dose- and biology- driven adaptive
radiation therapy [14]. Adaptive radiotherapy is probably
superior to 3D conformal RT based only on pre-treatment anatomical
information. However, there are lots of pitfalls and more
research is needed before implementing these new techniques in
clinical routine.

Qual è il momento migliore in cui possiamo catturare le variazioni anatomiche e biologiche di tumori del retto?


maging

What do we ask to staging? T2/3 CRM +/- N+/- Distal margin
What are the best imaging tools for staging? T2w MRI (USPIO?)
Can modern imaging assess response to treatment? DWI, FDG PET

Contouring

Is there a standard in RC contouring? Myerson 2009

Pattern of recurrence  Posterior/lower pelvis > lower CTVs (?)
Can we use imaging tools for target definition? Benefit to be proven
Do we need Adaptive RT? VYes |l
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