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Assessment of response

v' alter surgical approach



Restaging MRI

90% predictive of tumor regression
Mercury group

Kulkarni® et al. Colorectal Dis 2008
Viiegen et al. Radiology: 2008



Assessment of response

v' alter surgical approach
v 0rgan preservation



Non operative management after CRT
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%~ Tumor remnant in bowel wall?
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< Tumor remnant in bowel wall?

< Nodes sterilized?



< Tumor remnant in bowel wall?
< Nodes sterilized?

< Early detection tumor regrowth?



Fibrosis |




Meta analysis restaging MRI

sens SpecC
ypT0-2 o)) 90
19 95

v.d. Paardt et al. Radiclogy 2013
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assessment ypCR

EUS PPV NPV
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assessment ypCR

EUS PPV

Vanagunas
Am J Gastr 03

Lirsch
Chir 03

Maretto
Red J 09

NPV

0.79

PET/CT

Janssen

Int J Rad Biol Onc

Phys 09

Kristiansen
DCR 08

Capirci

An Surg Onc 07
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Neither FDG-PET Nor CT Is Able to Distinguish Between a
Pathological Complete Response and an Incomplete Response
After Neoadjuvant Chemoradiation in Locally Advanced Rectal

Cancer

A Prospective Study

José G. Guillem, MD,* Jeannine A. Ruby, MD,* Tobias Leibold, MD,* Timothy J. Akhurst, MD,
Henry W Yeung, MD,{ Marc J. Gollub, MD,T Michelle 8. Ginsberg, MD,t Jinru Shia, MD,1
Arief A. Suriawinara, MD,1 Elvn R. Riedel, MA,§ Madhi Mazumdar, PhD,§ Leonard B. Saltz, MD, ||
Bruce D. Minsky, MDY Garrett M. Nash, MD.* Philip B. Paty, MD,* Larissa K. Temple, MD,*
Martin R. Weiser, MD," and Steven M. Larson, MD+t

Post CRT

FDG PET AUC 0.64

CT AUC 0.64

Annals of Surgery 2013



Diffusion MRI

Normal diffusion Restricted diffusion
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Meta analysis DWI studies

ypCR

MRI MRI+DWI

Sensitivity

Specificity

LR+

LR-

v.d. Paardt et al. Radiolegy 20135
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ypCR

Sensitivity

Specificity

LR+

LR-

MRI MRI+DWI

v.d. Paardt et al. Radiology 20135



Tumor remnant




Endoscopy or DWI for selection ?
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YPCR

LR+ 56.2
LR- 0)35) 0.19
Posli)t:;lgaplglsitty-test 90 989,
Mogativs ot tes 2 16%

Maastricht unpublished
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Lambregts: et al:
Dis Col Rectum 2011
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Inflammation mimics tumor on DWI
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4x MRI

4x
Endosco

Die

Follow up

Jaar 2
4x CEA
1x CT

2x MRI

2X
Endoscopie

Jaar 4 Jaar 5
2x CEA 2x CEA

1x CT 1X CT

2x MRI 2x MRI 2x MRI

2X 2X 2X
Endoscopie Endoscopie Endoscopi

Maastricht — Wait & See trial






When do tumors regrow ?

FU Interval
Seshadri 4-6 weeks Not speciﬁed

6-10 weeks
weeks pQSt_CBT)

Habr-Gama >8 weeks From end CRT

4-10 weeks Not specified

Available data



Where regrowth? , .
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Where regrowth?

% Luminal 80-90%

< Bowel wall 5-10%

< Nodal 5-10%




Tumor Regrowth







Nodal regrowth




MR Restaging

NEEERENES

YPN+

Sensitivity

Specificity

LR+

LR-
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MR Restaging

meta analysis

VYPN+ |
Sensitivit - \
| ‘ g

2.1
LR- 0.3

v.d. Paardt et al. Radiology: 2013



How do nodes behave after CRT ?

Eincrease in size

B No change in size
[IDecrease in size
[ODisappeared

Disappear

Smaller

Mean size 2.5 mm

Maastricht , unpublished data



>=5mm

yPN+ nodes
Maastricht
data 4090 (18/45)
n=512
Perez at al
DCR 09 409/ (6/14)

n=201




<5 mm nodes

Maastricht
data 40% (18/45) | 6% (26/467)
n=512

Perez at al
DCR 09 4009/ (6/14) 3%%0 (6/187)
n=201
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ypN+ >:05d:;m <5 mm nodes
Maastricht
data )
n=512

Perez
DCR @
n=201

40906 (6/14) 39/ (6/187)




MR Lymph node contrast

|lahaye et al. Rad 2008



New MR Lymph node contrast

Gadofosveset MRI
Maastricht multicenter trial



New MR Lymph node contrast

Gadofosveset MRI
Maastricht multicenter trial
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Prediction of response

= Visualizing tumor heterogeneity
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Prediction of response

= Visualizing tumor heterogeneity
=< Morphology insufficient

< Increase objectivity

=< Imaging tissue characteristics



Imaging Biomarkers
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Meta analysis FDG PET
2002-11

Good response | sens spec AUC

-A SUV 40-50%
wk 2 CRT
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Perfusion MRI
Quantitative

K trans
wash In rate




Good
response

Pre CRT

K-trans

Post CRT

Gollub et al
Eur Rad 2011
n=23

v

Lim et al
Eur Rad 12

v/

George et al
BJS 01
n=31

Oberholzer et al
JMRI 2013
n-=95

De Lussanet et al
Radiol 2009
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Good
response

Pre CRT

K-trans
Post CRT

Gollub et al
Eur Rad 2011
n=23

Lim et al
Eur Rad 12

JMRI 2013
n-=95

De Lussanet et al
Radiol 2009




Perfusion MRI
Semiquantitative

x = Type threshold 1

B! Type threshold 2

Immediate Delayed




Semiquantitative MR perfusion parameters

Good Pre CRT during CRT
response

Bellomi et al
Radiology 07

Sahani et al
Radiology 05

Kremser et al
Radiology 09

Dinter et al
Onkologie 01

De Vries et al
Radiology 01

Maastricht,
unpublished
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Diffusion MRI
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Pretreatment ADC

N good vs poor responsi: ADC responders ADC non responders p=

0.8
0.61
0.034
0.27
0.007

-
-
-
0.331
0.001



2D - pixel

Mean ADC

Lambregts et al' . Eur Rad 2011



3D = voxel

Distribution of ADC
- tumor heterogeneity



Histogram
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Pre Therapy ADC

ey and o

Post Therapy ADC
Mean Std Skewness Kurtosi Mode 5 percentile 95 percentile
Post therapy 1,31 0,25 0,5803 4,0295 1,17 0,95 1,77
Pre therapy 1,14 0,27 1,1623 4,8527 0,91 0,81 1,67

Maatricht work ini progress



T2W Signal intensity
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T2W Signal intensity
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Good responde

Pre CRT

Post CRT

Martens et al
Submitted



Pretreatment Parametric MR perfusion map
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Future

< Image segmentation
=< Parametric MR imaging



Parametric MR Imaging not yet ready!

v Natural variation or treatment effect ?



Parametric MR Imaging not yet ready!

v' Natural variation or treatment effect ?
v Standardization



ADC

Measurement 1
(lymph node)

Measurement 2
(nerve)

Measurement 3
(bone)

Measurement 4
(phantom)

.. EtC

TOTAL

1.5T

Center 1 Center 2
0.98 0.92
1.47 1.19
0.55 0.40
2.16 2.06

—_
1.40 1.10
P=0.001

Maastricht , unpublished data
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Parametric MR Imaging not yet ready!

v Natural variation or treatment effect ?
v’ Standardization

v Image processing

v Multicenter validation

Figure 1 - Study Flowchart Study questions: DUTCH
-pT2vs pT3 CANCER
- pNO vs pN+ SOCIETY

20% dropouts GROUP | (n=250):
| Immediate surge
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Rectal Cancer Patients 2 Skl gl
n =540 B. New imaging techniques
1. Dynamic Contrast-Enhanced MRI Restaging:

2. Diffusion-weighted MRI
3. Gadofosveset enhanced MR GROUP Il (n=200): A Standard MRI
Long course neo- B. New imaging technigues
adjuvant treatment 1. Dynamic Contrast-Enhanced MRI
2. Diffusion-weighted MRI
3. Gadofosveset enhanced MR
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Study questions:
-ypTO vs ypT+
- ypT1-2 vs ypT3-4
- ypNO vs ypN+




Parametric MR Imaging not yet ready!

v Natural variation or treatment effect ?
v’ Standardization

v Image processing

v Multicenter validation

v" Incorporate biomarker in clinical trials

Figure 1 - Study Flowchart Study questions: DUTCH
-pT2vs pT3 CANCER
- pNO vs pN+ SOCIETY

20% dropouts GROUP | (n=250):
| Immediate surge
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Rectal Cancer Patients 2 Skl gl
n =540 B. New imaging techniques
1. Dynamic Contrast-Enhanced MRI Restaging:

2. Diffusion-weighted MRI
3. Gadofosveset enhanced MR GROUP Il (n=200): A Standard MRI
Long course neo- B. New imaging technigues
adjuvant treatment 1. Dynamic Contrast-Enhanced MRI
2. Diffusion-weighted MRI
3. Gadofosveset enhanced MR

uonepijeA jeoiBojoyedolsiy

Study questions:
-ypTO vs ypT+
- ypT1-2 vs ypT3-4
- ypNO vs ypN+




TAKE HOME MESSAGES

Local

excision

Rectal cancer -

Chemo-RT
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TAKE HOME MESSAGES
identify ycNO
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TAKE HOME MESSAGES
follow nodes




TAKE HOME MESSAGES
Multiparametric MR imaging

N P

Not ready for clinical practlce |
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