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Assessment of response 

 alter surgical approach  
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Mercury group 
Kulkarni  et al. Colorectal Dis 2008 
Vliegen et al. Radiology 2008 

90% predictive of tumor regression 

tumor 

Restaging MRI 
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CRT 
 6-8 w 

Assess 

Fibrosis !    
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sens 
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ypT0-2  55 90 

ypCR  19 95 

v.d. Paardt et al. Radiology 2013  
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 spec 
 

PPV NPV 

Suppiah 
Col Dis 2009 

0.20 0.98 0.50 0.91 

Kim 
Ragiology 2009 

0.55 0.76 0.46 0.81 

 
Maastricht 
Multicenter 

 

0.40 0.92 0.56 0.85 

MRI for ypCR  
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Vanagunas 
Am J Gastr 03 0.19 0.79 

Lirsch  
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Maretto 
Red J 09 0.36 0.74 
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PET/CT  PPV NPV 

 
Janssen 

Int J Rad Biol Onc  
Phys 09 

  

0.17 0.88 

Kristiansen 
DCR 08 

  
0.33 0.83 

Capirci 
An Surg Onc 07 

  
0.43 0.80 

EUS  PPV NPV 

Vanagunas 
Am J Gastr 03 0.19 0.79 

Lirsch  
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Maretto 
Red J 09 0.36 0.74 
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Post CRT 

FDG PET AUC 0.64  

CT AUC 0.64 

Annals of Surgery 2013  
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 Normal diffusion  Restricted diffusion  

Diffusion MRI 
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tumor 

Complete response 
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ypCR MRI MRI+DWI 

Sensitivity 50 84 

Specificity 91 85 

LR+ 5.8 5.5 

LR- 0.5 0.2 

v.d. Paardt et al. Radiology 2013  
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Tumor remnant 
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Assess 

At 8 w assessment  

Typical pattern cCR 
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Pre CRT 

Lambregts  et al. 
Dis Col Rectum 2011 

8 w post CRT 

Clinical complete response 



U 

M 

Pre CRT  



U 

M 

Pre CRT  2 m postCRT 

Tumor remnant 
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False Positives 
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3 mths Fup 

6 mths Fup 

Inflammation mimics tumor on DWI 
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2 m post CRT 

1 month later 



U 

M 

Jaar 1 Jaar 2 Jaar 3 Jaar 4 Jaar 5 

4x CEA 4x CEA 4x CEA 2x CEA 2x CEA 

2x CT  1x CT 1x CT 1x CT 1x CT 

4x MRI 2x MRI 2x MRI 2x MRI 2x MRI 

4x 
Endoscopie 

2x 
Endoscopie 

2x 
Endoscopie 

2x 
Endoscopie 

2x 
Endoscopie 

Maastricht – Wait & See trial 

  
Follow up 
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79 mths 

  pleumeekers endoscopie 
       

50 mths 67 mths 30 mths 
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When do tumors regrow ?  

Available data 
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Where regrowth? 

 

Luminal 80-90% 
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Nodal  5-10% 

 

 

 



U 

M 

 Tumor Regrowth 
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 Tumor Regrowth 

3 m 9 m 22 m 17 m 9 m 
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Nodal regrowth 

peters 

STAGING 

6 mths RESTAGING 9 mths 
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ypN+ MRI 

Sensitivity 80 

Specificity 62 

LR+ 2.1 

LR- 0.3 

v.d. Paardt et al. Radiology 2013  
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How do nodes behave after CRT ?  

Disappear  

Smaller  

Mean size 2.5 mm 

Maastricht , unpublished data 
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MR Lymph node contrast 

Lahaye et al. Rad 2008 
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Wait and See 
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Imaging Biomarkers 

Beets-Tan, Beets, Nature reviews Gastro Hep  

Padhani et al, Radiology 2010 



U 

M 

Good response 
 

sens 
 

spec AUC 

-Δ SUV 40-50% 

wk 2 CRT 86 80 0.95 

Zhang et al. Int J Cancer 2012  
 
 

Meta analysis FDG PET  
2002-11 
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Perfusion MRI 
Quantitative 

  

  

K trans 

wash in rate  
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Gollub et al 
Eur Rad 2011 
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Lim et al 
Eur Rad 12 

George et al 
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JMRI 2013 
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Perfusion MRI 
Semiquantitative  
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Good 
response 

Pre CRT during CRT 

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 

✓ 
✓ 

✓ 
✓ 

✓ 
✓ 

 
Semiquantitative MR perfusion parameters  
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Diffusion MRI 

ADC 
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Pretreatment ADC 
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2D  pixel  

Mean ADC 
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3D  voxel  

Distribution of ADC 
 tumor heterogeneity 
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Mean Std Skewness Kurtosis 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 

Post Therapy ADC 

Pre Therapy ADC 

Maatricht work in progress  
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Kluza et al.  Eur Rad 2012 

T2W Signal intensity  
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Complete Response 

Kluza et al.  Eur Rad 2012 

Non Complete response  

T2W Signal intensity  
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Pre CRT  

Good responder 

Post CRT  

	

	

Poor responder  

Martens et al  
Submitted  
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 Image segmentation 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

 

Future          



U 

M 

 Image segmentation 

 Parametric MR imaging 
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 Parametric MR Imaging not yet ready! 
  

 Natural variation or treatment effect ?  

 Standardization  
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1.5T 

ADC Center 1  Center 2 

 

Measurement 1 
(lymph node) 

0.98 0.92 

Measurement 2  
(nerve) 

1.47 1.19 

Measurement 3 

(bone) 

0.55 0.40 

Measurement 4 
(phantom) 

2.16 2.06 

…. Etc 

 

… … 

TOTAL 1.40 1.10 

P = 0.001 

Maastricht , unpublished data  
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 Parametric MR Imaging not yet ready! 
  

 Natural variation or treatment effect ?  

 Standardization  

 Image processing  

 Multicenter validation  

 Incorporate biomarker in clinical trials   
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Rectal cancer 

Local 
excision 

TME 
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TAKE HOME MESSAGES 

MRI 

MRI 

EUS 
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Organ 
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TAKE HOME MESSAGES 

identify ycN0 
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TAKE HOME MESSAGES 

follow nodes 

STAGING 

6 mths RESTAGING 
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Multiparametric MR imaging   

Not ready for clinical practice ! 

TAKE HOME MESSAGES 
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