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Introduction

1. Size and spatial distribution of rectal wall (Rwall) 
exposed to low doses (27- 43 Gy) predicts for late 
toxicity Tucker, IJROBP 2006

2. Endorectal balloon (ERB) 
� reduces Rwall exposure to intermediate and high 

ESTRO 2006, LeipzigE.vanLin@rther.umcn.nl

� reduces Rwall exposure to intermediate and high 
doses van Lin, IJROBP 2005

� well tolerated Ronson, IJROBP 2006

� results in low late rectal toxicity rate Teh, Med Dosim 2005, 
D’Amico, Urology 2006

3. Severe late rectal mucosal changes , observed in 
endoscopy, predict for late rectal bleeding O’Brien, IJROBP 2004, 
Wachter RO 2000



3 Endorectal Balloons for Prostate RT IJROBP, 63, 2005
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� ERB is not a prostate immobilizer: position verification and 
correction is necessary IJROBP, 61, 2005



Purpose

3D-CRT with and without ERB:
� Late rectal toxicity scoring
� Display, describe and analyse Rwall mucosal changes 
� Correlate Rwall changes to dose
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� Conformal radiotherapy prostate:
� 4-field treatment technique
� PTV: Prost + Sem. Ves + 9 mm margin
� Treated daily with (n=24) or without (n=24) ERB
� Hormone therapy before radiotherapy



Mucosal changes evaluation Wachter, RO 2000

� Flexible recto-sigmoidoscopy 
� 3, 6, 12 and 24 months after treatment
� 16 mucosa areas
� Scored toxicity:
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� Scored toxicity:
� Telangiectasia
� Congested mucosa
� Ulceration
� Stricture
� Necrosis



 

No-ERB vs. ERB: 4 beams 3D-CRT, 9 mm margins
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2.25 Gy/fraction
4 times a week, total 67.5 Gy

 

 
�&'



Methods: dose-respons

� Dose:
� Rectal wall dose surface maps
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� Dose map reduction with EUD 
in 16 areas

� EUD * = Equivalent uniform dose Virtual Rwall Unfolding 
Courtesy of Aswin L. Hoffmann University Medical Centre 

Nijmegen (NL

* a = 6    (Wu, 2002)

 



Telangiectasia
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Grading Telangiectasia Abbreviation

0 none T 0

1 a single telangiectasis T 1

2 multiple non-confluent telangiectases T 2

3 multiple confluent telangiectases T 3

70-80 % probability of late 
rectal bleeding

(�) (�*



No-ERB vs. ERB: Rwall dose surface maps
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No-ERB vs. ERB: Dose-maps and Mucosal T-score

Patient without ERB Inner Rectal Wall Localization

R-P R-L A L-L L-P
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

11 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 3 3 3 3

10 13 13 13 13 14 15 16 18 19 20 21 22 22 22 21 20 19 18 16 14 14 13 13 13
9 34 34 34 35 38 42 48 54 59 61 62 63 63 63 61 60 56 48 42 37 36 35 34 34
8 37 36 37 37 38 40 42 45 50 53 57 60 63 63 62 61 58 53 48 43 40 38 37 37

7 38 39 39 40 42 47 55 62 65 67 67 67 67 67 67 67 67 66 64 58 50 44 40 39

6 43 44 45 47 51 58 62 65 66 67 67 68 68 67 67 67 67 67 66 64 60 54 47 44
5 39 40 42 46 52 58 64 66 67 68 68 68 68 68 67 67 66 65 61 53 45 41 39 39

4 52 54 56 60 63 65 66 67 67 68 68 68 68 68 68 67 67 67 66 65 62 60 60 60

Patient without ERB

EUD

R-P R-L A L-L L-P

12-16 cm 2 2 2 2 2
8-12 cm 32 42 54 46 32
4-8 cm 49 61 67 64 49

0-4 cm 47 59 64 61 47

Patient without ERB

T score 1 year

R-P R-L A L-L L-P

12-16 cm 0 0 0 0 0

8-12 cm 0 0 0 0 0
4-8 cm 0 1 1 1 0

0-4 cm 0 1 2 1 0

T score 2 years
R-P R-L A L-L L-P

No-ERB
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Patient with ERB Inner Rectal Wall Localization

R-P R-L A L-L L-P
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
12 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

11 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 4 4 4 4 4 4
10 21 21 21 21 22 23 27 35 43 45 46 46 46 46 45 44 39 29 24 22 22 21 21 21

9 33 33 33 33 33 33 39 53 62 64 64 65 64 64 64 63 59 47 36 33 33 33 33 33

8 35 35 34 34 34 35 39 50 62 66 66 67 67 67 66 66 64 52 40 35 34 34 34 35

7 35 35 35 35 35 35 39 48 61 66 67 67 67 67 67 66 64 56 43 37 35 35 35 35
6 35 35 35 35 35 36 43 59 65 67 67 67 67 67 67 66 62 46 37 35 35 35 35 35
5 35 35 35 35 35 35 37 45 60 66 67 67 67 67 67 67 66 59 42 36 35 35 35 35
4 35 35 35 35 35 38 47 56 63 66 67 67 67 67 67 66 60 47 41 36 35 35 35 35

3 35 35 35 35 35 36 40 54 64 66 66 67 67 66 67 66 66 59 44 37 36 35 35 35
2 35 35 35 35 35 36 39 44 54 61 65 66 66 66 66 66 65 62 56 50 41 37 36 35

1 34 34 34 34 35 35 35 36 38 42 48 53 57 56 55 52 46 42 37 36 35 35 34 34

0 32 32 32 32 33 33 33 34 34 34 34 34 34 33 33 33 32 32 32 32 32 32 32 32

4 52 54 56 60 63 65 66 67 67 68 68 68 68 68 68 67 67 67 66 65 62 60 60 60

3 44 46 50 54 59 64 66 67 67 67 67 67 67 67 67 67 67 67 66 64 59 53 49 46
2 41 42 43 46 51 57 61 64 66 67 67 67 67 67 67 67 66 64 62 57 51 48 45 42
1 49 50 53 55 57 61 63 64 65 65 66 66 66 66 65 65 65 64 63 60 58 57 54 52
0 31 31 31 31 31 32 32 33 34 36 37 37 36 36 36 36 34 32 31 31 31 31 31 31

Patient with ERB
EUD

R-P R-L A L-L L-P

12-16 cm 2 2 2 2 2

8-12 cm 30 44 59 48 30
4-8 cm 35 50 67 56 35

0-4 cm 35 44 60 53 34

Patient with ERB

T score 1 year
R-P R-L A L-L L-P

12-16 cm 0 0 0 0 0
8-12 cm 0 0 1 0 0

4-8 cm 1 1 2 1 1
0-4 cm 1 1 2 1 1

T score 2 years
R-P R-L A L-L L-P

12-16 cm 0 0 0 0 0
8-12 cm 0 0 1 0 0

4-8 cm 0 0 1 0 0
0-4 cm 0 0 2 0 0

12-16 cm 0 0 0 0 0

8-12 cm 0 0 0 0 0

4-8 cm 2 2 2 2 2

0-4 cm 2 2 2 2 2

ERB



Results: Mucosal Changes

� No ulceration, stricture and necrosis observed

• Telangiectasia was most frequently observed, and used 
for the subsequent analyses
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for the subsequent analyses



Severe Telangiectasia over time
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Results: late rectal toxicity

� Acute toxicity was mild and similar 

� After 30 months follow-up: n= 48 (24 + 24 )

� Late rectal toxicity # (Grade ³³³³ I): p=0.003

� No-ERB 17 
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� No-ERB 17 (grade II: 1, grade III: 1)

� ERB 5 (all grade I: bowel movements, slight 
discharge or blood)

� Bleeders : n.s p=0.17

� No-ERB 8 (2 pat: laser coagulations)

� ERB 3 (bloody discharge)

# grading RTOG, LENT



Severe Telangiectasia, localisation
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ERB-induced increased tolerance for late Rwall damage ??
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No ERB

ERB

2 years T 2-3 score Patient without ERB Inner Rectal Wall Localization

R-P R-L A L-L L-P
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

11 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 3 3 3 3

10 13 13 13 13 14 15 16 18 19 20 21 22 22 22 21 20 19 18 16 14 14 13 13 13
9 34 34 34 35 38 42 48 54 59 61 62 63 63 63 61 60 56 48 42 37 36 35 34 34
8 37 36 37 37 38 40 42 45 50 53 57 60 63 63 62 61 58 53 48 43 40 38 37 37

7 38 39 39 40 42 47 55 62 65 67 67 67 67 67 67 67 67 66 64 58 50 44 40 39

6 43 44 45 47 51 58 62 65 66 67 67 68 68 67 67 67 67 67 66 64 60 54 47 44
5 39 40 42 46 52 58 64 66 67 68 68 68 68 68 67 67 66 65 61 53 45 41 39 39

4 52 54 56 60 63 65 66 67 67 68 68 68 68 68 68 67 67 67 66 65 62 60 60 60

3 44 46 50 54 59 64 66 67 67 67 67 67 67 67 67 67 67 67 66 64 59 53 49 46
2 41 42 43 46 51 57 61 64 66 67 67 67 67 67 67 67 66 64 62 57 51 48 45 42
1 49 50 53 55 57 61 63 64 65 65 66 66 66 66 65 65 65 64 63 60 58 57 54 52
0 31 31 31 31 31 32 32 33 34 36 37 37 36 36 36 36 34 32 31 31 31 31 31 31
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Patient with ERB Inner Rectal Wall Localization

R-P R-L A L-L L-P
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
12 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

11 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 4 4 4 4 4 4
10 21 21 21 21 22 23 27 35 43 45 46 46 46 46 45 44 39 29 24 22 22 21 21 21

9 33 33 33 33 33 33 39 53 62 64 64 65 64 64 64 63 59 47 36 33 33 33 33 33
8 35 35 34 34 34 35 39 50 62 66 66 67 67 67 66 66 64 52 40 35 34 34 34 35

7 35 35 35 35 35 35 39 48 61 66 67 67 67 67 67 66 64 56 43 37 35 35 35 35
6 35 35 35 35 35 36 43 59 65 67 67 67 67 67 67 66 62 46 37 35 35 35 35 35
5 35 35 35 35 35 35 37 45 60 66 67 67 67 67 67 67 66 59 42 36 35 35 35 35
4 35 35 35 35 35 38 47 56 63 66 67 67 67 67 67 66 60 47 41 36 35 35 35 35

3 35 35 35 35 35 36 40 54 64 66 66 67 67 66 67 66 66 59 44 37 36 35 35 35
2 35 35 35 35 35 36 39 44 54 61 65 66 66 66 66 66 65 62 56 50 41 37 36 35
1 34 34 34 34 35 35 35 36 38 42 48 53 57 56 55 52 46 42 37 36 35 35 34 34

0 32 32 32 32 33 33 33 34 34 34 34 34 34 33 33 33 32 32 32 32 32 32 32 32

0 31 31 31 31 31 32 32 33 34 36 37 37 36 36 36 36 34 32 31 31 31 31 31 31

Explanation: 1. Air-cavity induced dose build-up (Teh 2005)

2. Hypoxia stretched Rwall ?

3. Volume effect: good neighbors ?



Conclusions 

• Endorectal balloon

1. Reduces Rwall dose

2. Reduces severe late mucosal damage
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3. Indication for reduced late rectal toxicity 
(longer follow-up needed)

4. Increased Rwall tolerance, NTCP T2-3 D50 :

No-ERB 67 Gy vs. ERB 85 Gy



Prostate RT in Nijmegen 2006

•70 Gy: 28 x 2.5 Gy: Kupelian, IJROBP, 2005, 

•Goldmarkers: 
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•CT-MR fusion

•Combined Off- and Online correction

•Endorectal Balloon 

(RectalPro® www.Hospimed.nl)

•Endoscopy follow-up



Prostate RT in Nijmegen 2006
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CT scan: ERB + markers
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Prostate RT in Nijmegen 2006

70 Gy: 7 mm and 5 mm margin

3 beam technique
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Patient with ERB Inner Rectal Wall Localization

R-P R-L A L-L L-P
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
12 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

“Thank you”
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11 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 4 4 4 4 4 4
10 21 21 21 21 22 23 27 35 43 45 46 46 46 46 45 44 39 29 24 22 22 21 21 21

9 33 33 33 33 33 33 39 53 62 64 64 65 64 64 64 63 59 47 36 33 33 33 33 33

8 35 35 34 34 34 35 39 50 62 66 66 67 67 67 66 66 64 52 40 35 34 34 34 35

7 35 35 35 35 35 35 39 48 61 66 67 67 67 67 67 66 64 56 43 37 35 35 35 35
6 35 35 35 35 35 36 43 59 65 67 67 67 67 67 67 66 62 46 37 35 35 35 35 35
5 35 35 35 35 35 35 37 45 60 66 67 67 67 67 67 67 66 59 42 36 35 35 35 35
4 35 35 35 35 35 38 47 56 63 66 67 67 67 67 67 66 60 47 41 36 35 35 35 35

3 35 35 35 35 35 36 40 54 64 66 66 67 67 66 67 66 66 59 44 37 36 35 35 35
2 35 35 35 35 35 36 39 44 54 61 65 66 66 66 66 66 65 62 56 50 41 37 36 35

1 34 34 34 34 35 35 35 36 38 42 48 53 57 56 55 52 46 42 37 36 35 35 34 34

0 32 32 32 32 33 33 33 34 34 34 34 34 34 33 33 33 32 32 32 32 32 32 32 32


