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Comparison of Physics:  
  

External Radiotherapy vs HDR Brachytherapy  
 



Dosimetric Kernel: Depth  è The Spot 
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3D Conformal Brachytherapy (3D CFBRT) 



Stepping source:  
Possibility of dose optimization 



Conformal Radiotherapy (3D CFRT) 
IMBRT 

Highly inhomogeneous dwell times  
and positions 



Dose Guided Radiotherapy 
 

(DGRT) 
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HDR Brachytherapy: 

Most conformal RT- Method for Prostate Cancer 
 



 
 
 

Radiobiology 



 
 
 

Radiobiological  Advantage 
Low α/β-value 

Brenner et Hall, 1999: [EBRT vs I-125] α/β = 1.5 

Fowler et al, 2001: [EBRT vs I-125/Pd-103] α/β = 1.49 

 

 
Dose escalation through Hypofractionation 

HDR-Brachytherapy 



BED 279 Gy 1.5 

BED 346 Gy1.5 

1 Implant with 4 x 9.5 Gy  

BED 415 Gy1.5 

BED 554 Gy1.5 

D10 Rectum < 75 % : BED 74 Gy 10 



BED 294 Gy 1.5 

BED 370 Gy1.5 

3 Implants of 11,5 Gy  

BED 445 Gy1.5 

BED 594 Gy1.5 

D 10 Rectum < 75% : BED 74 Gy 10 



 

 

 

HDR Brachytherapy: 
  Most conformal RT-Technique for Prostate Cancer 

Most extreme Biological Dose Escalation 
 



 

 

 

HDR – MONOTHERAPY 

Offenbach experience 

 

 
 



 

 

 

2002-2009: 718 consecutive patients with localized 
prostate cancer  

 
Transperineal Implantation under TRUS-guidance 

 

      2002-2004 (A): 1 Implant   (4 x 9.5 Gy)                    CT- Plan (n=141) 

      2004-2008 (B): 2 Implants (2 x 9.5 Gy/Implant)   TRUS-Plan (n=351) 

      2008-2009 (C): 3 Implants of 11,5 Gy                   TRUS-Plan (n=226) 

 
 



 

      2002-2004 (A): 1 Implant   (4 x 9.5 Gy)                    CT- Plan (n=141) 

9.5 Gy      6h         9.5 Gy       6h      9.5 Gy      6h        9.5 Gy 

 

 

 

Group A : 1 Implant 



 

 2004-2008 : 2 Implants (2 x 9.5 Gy/Implant)   TRUS-Plan (n=351) 

9.5 Gy      6h         9.5 Gy 

9.5 Gy      6h         9.5 Gy    

after 14 days 2nd Implant 

Group B : 2 Implants  



 

2008-2009 (C): 3 Implants of 11,5 Gy                   TRUS-Plan (n=226)  

1x 11.5 Gy 

after 21 days 2nd Implant 

after 21 days 2nd Implant 

1x 11.5 Gy 

1x 11.5 Gy 

Group C : 3 Implants  



 

 

 

1. Question 

 

How consistent is the distribution of the isodoses 

within the prostate implants? 
 



 

 

 

1. Question 

 

How consistent is the distribution of the isodoses 

within the prostate implants? 
 

Answer : Evaluation of reproducibility through 
cumulative DVH´s 



Reproducibility of Treatment Delivery 

PTV (38.9  ±  16) cm³ 

Results: 
 
D90 = (102.5 ± 2.0)% 
 
V100 = (92.0 ± 1.6)% 
 
V150 = (29.1 ± 3.2)% 
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Constrains 
Prostate (PTV = CTV 1): 

D90  ≥  100% 
V100  ≥  90% 
V150  ≤  35% 



 

 

 

2. Question 

 

How accurate can the planned dose be delivered? 

  



 

 

 

2. Question 

 

How accurate can the planned dose be delivered? 

  

Answer (a): 4D Verification 

                              

 





We compared in 25 patients three HDR prostate treatment plans: 
  
 
1. After implantation 
  
 
2. Just before starting the treatment execution (pre-irradiation 
acquisition) 
 
 
3. Just after finishing the treatment delivery (post-irradiation 
acquisition) 



Comparison of the DVH Parameters 
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The average DVHs of the prostate gland (red), urethra (black), bladder (pink) and 
rectum (blue) are presented for the three HDR treatment plans, namely 1. after 
implantation (clinical acquisition) (solid), 2. just before starting the treatment 
execution (pre-irradiation acquisition) (dashed) and 3. just after finishing the 
treatment delivery (post-irradiation acquisition) (dotted-dashed). The total dose of 
34.5 Gy delivered by three fractions of 11.5 Gy is considered to be the total 
prescription dose (100%). 

Results: Dosimetric Impact  è δDose 



 

 

 

3. Question 

 

How accurate can the planned dose be delivered? 

  

Answer (a): 4D Verification 

                             (b): Dosimetric Verification 

 

 





TLD catheter, 
14 x TLDs Rectum 

PTV 

50% 
100% 
150% 
200% 
300% 

 
 

5 x cases , 18 x Fractions, 14 x TLDs 

Treatment Delivery Verification 
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 Plato BPS 14.2.2 with Dref= 9,5 Gy
 TLD 1.Fraktion 04/06/2002 15:30
 TLD 2.Fraktion 05/06/2002 08:30
 TLD 4.Fraktion 06/06/2002 08.30 

5 x cases , 18 x Fractions, 14 x TLDs 

Treatment Delivery Verification 



 

Clinical Results 
Offenbach experience 

 



 

 

 

 

 

 



 

Patient characteristics 
 

Group A  
(n = 141) 

Group B 
(n = 351) 

Group C 
(n = 226) 

Median follow-up (months) 91.9 (45.5.-113.4) 59.3 (16.5-82.6) 25.4 (5.8-35.5) 
Median Gland volume (cc)  40 (20-90) 39 (16-107) 36 (11-90) 
Risk group (MSKCC) 
     Low  
     Intermediate 
     High 

 
103 (73.0%) 
23 (16.3%) 
15 (10.6%) 

 
196 (55.8%)   
81 (23.0%) 
74 (21.0%) 

 
96 (42.4%) 
73 (32.3%) 
57 (25.2%) 

Low risk: n= 395 (55 %) 
Intermediate: n= 177 (25 %) 

High risk: n= 146 (20 %) 

Median overall follow-up 52.8 months 



Treatment group 
 

 Group A (9.5 Gy x 4) 
 Group B (9.5 Gy x 4) 

   Group C (11.5 Gy x 3) 
 

 PTV   
 

38.0 Gy 
38.0 Gy 
34.5 Gy 

   BED 1.5/3.0 
  

 279/158 Gy 
 279/158 Gy 
 294/162 Gy 

  
 
Potential doubling time of Tpot= 42 days  (Treatment completion within 42 days) 

 

Protocol characteristics 
 



 

Evaluation 
 

Survival estimates according to Kaplan-Maier method 

Biochemical Control based on Nadir +2 (Phoenix Criteria) 

Toxicity according CTC Version 3 

 



Clinical Outcome (n=718)  

97 % 
95 % 
90 % 



93 % 
90 % 
84 % 

Clinical Outcome (Risk Group)  



Clinical Outcome (Treatment Group)  

98 % 
98 % 
95 % 

93 % 
89 %  



Group A (n = 141) Group B (n = 351) Group C (n = 225)   

Grade Grade Grade   

2 3 4 2 3 4 2 3 4 
Genitourinary 
     Frequency/Urge 9.2% 2.1% - 4.8% 0.5% - 7.5% - - 
     Incontinence 7.8% 0.7%  0.7% 5.1% 0.3% - 7.5% 0.4% 0.4% 
     Retention 6.3% 2.8% - 5.4% 2.0% - 4.4% 0.8% - 
Errect. dysfunction 21.2% 12.0% - 15.7% 16.5% - 18.2% 19.1% - 
Gastrointestinal  
    Pain 0.7% 0.7% - 0.3% 0.3% - - - - 
    Mucositis 0.7% 3.5% - 0.8% 1.2% - 0.4% 0.4% - 

Late Toxicity (n=717) 

2 patients with endoscopically Grade 3 rectal necrosis: colostomy 
3 patients with endoscopically grade 3 rectal mucositis: laser coagulation procedures 

 

2 patients with incontinence indicating permanent urostomy 



Results of HDR Monotherapy 



 

 

 

Comparison of different fractionation schemes 
(Baltas D … Zamboglou N. sub. for Pub) 

 
 



 

 

 

How do we proceed? 
 



 

 

 

On-going Study : 

 

1 Implant of 1 fraction of  20 Gy 
 


