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Brachytherapy – treatment of the future 

 



Brachytherapy 

 

Derived from ancient Greek words for short distance 

(brachios) and treatment (therapy) and refers to the 

therapeutic use of encapsulated radionuclides within 

or close to a tumor.  

 

It is sometimes called seed implantation and is an 

outpatient procedure used in the treatment of 

different kinds of cancer. 



Brachytherapy 

The efficacy of brachytherapy, as compared with the 

efficacy of external beam alone,  

is attributable  

to the ability of radioactive implants to deliver a 

higher concentrated radiation dose more precisely to 

tissues,  

which contributes to improved local control,  

provided that the tissue is clinically delimitable and 

accessible.  

At the same time, the surrounding healthy tissues are 

spared irradiation.  



Kinds of brachytherapy   

a. characterized by the duration of the 

irradiation: 

there are 2 different kinds of brachytherapy:  

permanent, when the seeds remain inside of 

the body,  

and temporary, when the seeds are inside of 

the body and then removed.  

 

Brachytherapy 



b. characterized by the positioning of the radionuclides: 

- interstitial brachytherapy: radioactive sources are inside 

the tumour, 

- contact brachytherapy or plesiobrachytherapy: 

radioactive sources are close to the tumour,  

- Contact brachytherapy is divided into four different 

kinds of brachytherapy:  

- intracavitary,  

- intraluminal,  

- endovascular,   

- surface brachytherapy 

 

Brachytherapy 



c. characterized by the dose rate (ICRU definitions): 

 

- low dose rate (LDR) 0.4 - 2.0 Gy/h 

 

- pulsed dose rate (PDR) 0.5 - 1.0 Gy/h 

 

- medium dose rate (MDR) 2 - 12 Gy/h (history in EU,US) 

 

- high dose rate (HDR) > 12 Gy/h   

 

Brachytherapy 



Evolution in brachytherapy… 
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Prostate cancer as example 

Brachytherapy curative 



Greatest problems... 
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Impotence 

Urinary incontinence 



 

2000 2001 2002 2003 2004 2005 2006 2007 2008

Morbidity - Poland 5049 5391 5236 5832 6257 7095 7154 7638 8268

Morbidity - Greater Poland 448 555 573 565 617 691 737 874 997

Mortality - Poland 3147 3365 3488 3390 3578 3592 3681 3932 3892

Mortality - Greater Poland 308 338 331 305 325 330 310 377 360
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Prostate cancer - morbidity, mortality in Poland 



Patterns of care for brachytherapy in Europe: Updated results  
 Ferran Guedea, Jack Venselaar, Peter Hoskin, Taran Paulsen Hellebust, Didier Peiffert, Bradley Londres, Montse 

Ventura, Jean-Jacques Mazeron, Erik Van Limbergen, Richard Pötter, Gyorgy Kovacs  
Radiotherapy and Oncology 97 (2010) 514–520 

14% 

26% 



> 20 YEARS AGO  

 

Radical prostatectomy  

 

or 

 

External beam irradiation  

 



10 - 20 YEARS AGO 

Radical prostatectomy  

or 

Conventional external beam  

or 

Conformal external beam  

or 

Brachytherapy 

or 

Brachytherapy/external beam  

 

 

 



Today - Poland 

Radical prostatectomy  
 

Nerve sparing prostatectomy  
 

Conventional  
 

Laparoscopic  or  
 prostatectomy  

Robotic surgery  
 

IGRT  
 

High dose rate  

Low dose rate  

 

external beam  
 

Conformal external  

 beam  

 
High-dose conformal  

 Brachytherapy  

 

3-D  
 

IMRT  

Proton  

 Dose escalation  

Hypofractionation  

 HIFU  

RITA  

 

Brachytherapy/external beam  
 

Any of the above with  

androgen deprivation  

 Cryotherapy  
 Chemotherapy 







  
  

 

Recommended  
Do well  

Optional 
Fair 

Investigational 
Do poorly 

PSA (ng/ml)  < 10  10-20 >20 

      Gleason score  5-6 7 8-10 

  Stage  T1c-T2a T2b-T2c T3 

            IPSS   0-8 9-19 >20 

  Prostate volume (g)  <40 40-60 >60 

           Qmax ml/s  >15 15-10 <10 

Residual volume  cm3  >200  

TURP +  + 



National Comprehensive Cancer Network 1.2009 www.nccn.org 
 Risk categories (N0 M0) – Clinically localized  

Low Intermediate High  Very 
high, 

locally 
advanced 

T 1-2a 2b, 2c 3a 3b, 4 

PSA < 10 10-20 >20 Any 

Gleason 
score 

< 7 7 >7 any 

Metastatic: 

any T, N1 M0 

any T, any N, M1  

http://www.nccn.org/


19 

Contraindications 
ESTRO/EAU/EORTC RECOMMENDATIONS ON PERMANENT SEEDIMPLANTATION FOR LOCALISED PROSTATE CANCER 

 
1. expected survival time < 5 years, 

 
2. metastasis, 

 
3. TURP in the past with considerable damage to the prostate, 

         
4. persistent hematuria, the regular use of aspirin or  

anticoagulants, 
 

5. prostate volume > 60 cm cc. 
 
 
 
 

 



 

 

 

Temporary - HDR 

Brachytherapy   
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Monotherapy (ABS, GEC-ESTRO) 

1. T1 i T2, 

2. N0,  

3. M0, 

4. PSA <10, Gleason <6, 

5. > 5 years life expectancy 

                           

                  ????????? 
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HDR brachytherapy: diagnostic, 

equipment, team  

 similar to seeds 



Team  

Experience in: 
 

• TRUS (done by radiotherapist),  
•   dosimetry, treatment planning (physicist and radiotherapist), 
•   needles (seeds) implantation (radiotherapist and physicist), 
•   radiotherapy knowledge.  

Team: 
• radiotherapist, 
• urologist, radiologist or radiotherapist with ultrasound skills, 
• physicist, 
• 2-3 nurses, 
• anesthetist, 
• nurse anesthetic, 
• X-ray technician. 
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Brachytherapy - equipment 

        

High quality - image guided source placement - SWIFT 
 

 

• High quality digital TRUS with template software, 
 

• X-ray/CT for post-implant dosimetry,  
 

• Stepper, stepping unit, 
 

• Treatment planning system.              
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SWIFT 
Planning system 

US 

HDR 

Stepper with US head 
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„Virtual planning” 



34 

„Real-time planning” 
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Conclusions 
Remote temporary afterloading brachytherapy has 

several advantages: 
 

 accurate positioning of the source by first implanting 
   non-active guide needles, 

 
 possibility to choose the source positions over the length 

  of the needle, 
 

 no target movement during radiation, 
 

 stepping source technology allowing for dose and volume    
  adaptation due to adjustment of source dwell locations and  

  times according to 3D imaging based individual dose  
  prescription before irradiation, 

 
 shortening the time and costs. 



Brachytherapy as a Boost to EBRT:  

• T2b, T2c or 

• Gleason 8-10 or  

• PSA > 20 ng/ml 

Other possible indications for Brachytherapy as a Boost to EBRT: 

• Perineural invasion, 

• Multiple positive biopsies, bilateral positive biopsies, 

• MRI positive for capsular penetration. 

 

Brachytherapy (including Boosting EBRT) in Conjunction with Androgen Deprivation: 

• Patients with initially large prostate (>60 cc) that have downsized sufficiently  
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Permanent 

Brachytherapy  
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Example of seed 
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Greatest: 

1.McMaster University's 
Reactor (Canada),  

2.National Research 
Universal (NRU) Reactor 

(Canada) 

1. IBt Bebig 

2. Nucletron 

3. Varian VariSeed 

4. Oncura RAPID Strand 

5. BARD ProSeed 

6. IsoAid 

1. IsoRay Medical™,  Cesium-131 

2. Best Medical International, Inc.  

Best Industries Iridium (Ir 192)  

3. Theragenics TheraSeeds   
Iodine-125, Palladium-103 

4. Amersham Healthcare Iodine (I-
125)  

Seeds - 
producers 



• Low Morbidity  

• Cost Effective   

• Outpatient Procedure  

• One Day Procedure  



In CT imaging the high contrasts leads to 
absorption artefacts which can be 

handled using a soft tissue filter for 
image reconstruction on the CT device.  

I25.S17 seeds also provide a unique 
quality in MRI imaging. While normal 
seeds only appear as dark dots in the 
image, similar to a blood vessel, S17 
seeds show a bright halo around the 
dark dot, this allows you to clearly 

identify the seeds.  
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Doses: 

    

  I-125 monotherapy        140-160 Gy  (144-145 Gy) 

  I-125 + 40-50 Gy EBRT   100-120 Gy 

    

  Pd-103 monotherapy     110-120 Gy (125 Gy) 

  Pd-103 + 50 Gy EBRT      60-90 Gy 

                   

  Cs-131 monotherapy      115 Gy                   

 

   





  



Post implant dosimetry 

 

It is usual to perform the CT scan 4±6 weeks after implantation  
when oedema has settled. 

 
It is recommended that the following indices are recorded  

for all patients: 
 
1. The volume implanted. 
2. The number of seeds. 
3. The number of needles used. 
4. The total activity implanted. 
5. The prescribed dose. 
6. The D90, that is the dose that covers 90% of the prostate volume as defined from post 

implant imaging. 
7. The V100, that is the percentage of the prostate volume that has received the 

prescribed dose. 
8. V150, the volume that has received 50% more than the prescribed dose. 
 
 



Utrecht technique – used in 2008-2009 





Seeds 

Sole LDR brachytherapy: 

Advantages 
 good treatment results (similar to surgery) 1,2 

  relatively small rate of complications 

 short treatment time (1-3 days)  

 

Disadvantage 
     in the past – seed migration possibility 

     small risk of relatives irradiation 

  costs 

 

1) Sylvester, J. E., P. D. Grimm, et al. (2010). "Fifteen-Year Biochemical Relapse-Free Survival, Cause-Specific Survival, and Overall Survival following I(125) Prostate 

Brachytherapy in Clinically Localized Prostate Cancer: Seattle Experience." Int J Radiat Oncol Biol Phys 

2) Ragde, H., L. J. Korb, et al. (2000). "Modern prostate brachytherapy. Prostate specific antigen results in 219 patients with up to 12 years of observed 

follow-up." Cancer 89(1): 135-41. 



HDR 

Advantages 
 good treatment results (similar to seeds) 1,2   

 possibility of dose verifacion 

 complications similar to 1) 

 positive radiobiology  

 no staff exposure to radiation 

 

Disadvantage 
 different fractionation schemas 

 in monotherapy – small trial’s number 

 

1) Demanes, D. J., A. A. Martinez, et al. (2011). "High-Dose-Rate Monotherapy: Safe and Effective Brachytherapy for Patients with Localized Prostate Cancer." 

Int J Radiat Oncol Biol Phys. 

2) Mark, R. J., P. J. Anderson, et al. (2010). "Interstitial High-Dose-Rate Brachytherapy as Monotherapy for Early Stage Prostate Cancer: Median 8-Year 

Results in 301 Patients  " Brachytherapy 9(Supplement 1): S76. 



Lung cancer as example 

Brachytherapy palliative 



 
1. Curative intent as a „boost” to  EBRT – T1-2 N0-1 M0  
    -           LC 

     -     before EBRT- remission of atelectasis, reclassification. 
 

2. Alone - definitive brachytherapy for small tumors - T1-2 
N0 M0  

       -  in patients with occult carcinoma or tumors potentially resectable, with diameter <   

          2 cm, disqualified for surgery or EBRT  (Japan, USA). 

 

3. Postoperative brachytherapy of the bronchial stump 
after resection with positive resection margins (R2). 

 

4. As a boost for minor residual disease within a combined 
non-surgical radical approach.   

   

Radical treatment (<5 -10% of BT patients): 
Indications 



1. The main indication is treatment of life-
threatening complications such a  

dyspnea,  
obstructive pneumonia or atelectasis, cough 

or haemoptisis resulting from 
endobronchial or endotracheal tumour 

growth.  
 

   2. Treatment of endobronchial or 
endotracheal recurrent tumour growth in 

previously irradiated areas or in 
combination with EBRT for  metastatic 

lung cancers.  
   

Palliative treatment (>90 % of BT patients): 
Indications 



Indications for   

brachytherapy 

I phase II phase III phase IV phase 

Radical combined 

treatment: schema I;  

clinical stage T1-3 N1-3 

M0 

EBRT: total dose 44 Gy in 

22 fr. aa 2 Gy (2 a-p fields) 

1 fr. x 6 Gy, ref. point 

0.5 - 1 cm 

EBRT 16 Gy in 8 

fr. (changed fields) 

1 fr. x 6 Gy, 

ref. point 0.5 - 1 

cm 

Radical combined 

treatment: schema II; 

clinical stage T1-3 N1-3 

M0 

EBRT: total dose 44 Gy in 

22 fr. aa 2 Gy (2 a-p fields) 

EBRT 16 Gy in 8 fr. 

(changed fields) 

HDR-BT - in 1, 3  

and 5 weeks of  

EBRT – 3 x 10 

Gy. 

Radical sole 

reatment, radiologically 

occult cancer T1-2N0 

Total dose 36 - 42 Gy in 6 - 7 

fr. with interval of 4 - 7 days 

between fractions 

Radical treatment 

after surgery, R2 

After EBRT with total dose 

of 50 - 60 Gy 

To consider increasing 

the total use using HDR-

BT  HDR. Fr. dose from 1 

x 6 Gy till 3 fr. x 6 Gy (18 

Gy), depending on EBRT 

dose 

Radical treatment:   

stump infiltration 

Sole brachytherapy: 4 fr. of 

7.5 – 10 Gy with interval of 4 - 7 

days between fractions 

Palliative   

treatment 

Total dose 18 Gy in 3 fr. of 6 Gy with interval of 4 -7 days – in patients treated earlier with EBRT – 

dose > 50 Gy 

Total dose 22,5 Gy in 3 fr. of 7,5 Gy Gy with interval of 4 -7 days – in patients not irradiated or 

treated earlier with EBRT  – dose < 50 Gy 

1 x 10 Gy in case 

of    

WHO scale > 2 

Sometimes dose can be repeated after few weeks, in cases with clinical 

remission or visible  during bronchoscopy 

Poznań 

Poznań 



Contraindications: 

 
      1. peripheral location of the tumor,       

      2. Pancoast tumor (?), 

      3. pressure - location outside of bronchii, 

      4. contraindication to bronchoscopy (relative). 

 

 



 



Lumencath Applicator Set 

Fritz Adjustable Intralumenal Applicator Set 

Very rarely 







 







 



  



































 



 







 











Permanent implants (seeds)  

Requirements 
 

1. adequate performance status, 

 

2.  T1-2, N0 M0, 

 

3.  easy postero - lateral access to the tumor. 
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1. Inoperable tumors, peripheral location, 

 

2. Steel or elastic applicators used for seeds,  

 

3. Primary or single metastasis with diameter < 2-3 cm, 

 

4. Total dose 100 – 160 Gy, 0,5 – 1,0 cm outside target,  
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   after resection, non radical, using elastic needles 
seeds are implanted 

 





Insertion of the 125I seeds through 
the thoracoscopy port with video 

assistance. 

Postoperative orthogonal  

simulation film with isodose 

curves. 
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 (A) Planar implant made using 125I 
seeds in suture within a Vicryl mesh. (B) 
Completed implant being placed into 
mediastinum using long-handled tools. 
The seeds will be straightened to give 
optimal dosimetry before lung 
reinflation. 
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125-I Vicryl mesh implant 

Placement of the 125I implant 
along the sublobar resection 

staple 

line. 



Intraoperative 125I seed placement has been used in 
conjunction with sublobar resection in patients 

with lung cancer who are medically unfit for lobar 
resection . This technique is currently being 
evaluated in the USA in a multi-institution 

randomized prospective trial 

by the American College of Surgeons Oncology Group 
(ACOSOG) Z4032 

Axial (A) and sagittal (B) isodose 
distributions for a planar permanent 

125I paraspinal implant. 
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Thank you  

for your 

attention 


