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Leiden, 20th November 2017     15 mn 

Centre Antoine Lacassagne 

Nice 

J.P. GERARD     

Organ preservation for 
rectal cancer. 

Should we use HDR or 
Contact x-ray CXB  boost ? 
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DECLARATION D’INTERET -  DISCLOSURE 

Ariane Medical SystemsTM (UK) 

Contact  X Ray Brachytherapy   50 kV 

                  "Papillon 50" 
 

                  J.P. GERARD 

                    Medical Advisor 

Philips 
RT 50  

2009 1971 



/2009 30/05/2009 

 Rectal adenocarcinoma : radioresistant  
Radiation Dose-Response Model  (EQD 2)  

A Appelt - Jakobsen    Int J R OBP  2013 ; 85: 74 

        T3 rectal  ADK  
 
        for  50%  pCR  : 
          Dose =  92 Gy 
      Rectum  Tolerance Dose 
                  < 75 Gy 
  



Rectum External Beam RT   (EBRT) BOOST ?? 
  

EBRT : - stereotactic Body RT  (SIB) 

       - cyberknife 

       - proton 

ACCORD 12 phase III :  45 Gy  vs 50 Gy   ypCR : 13% - 19%  

GRECCAR 12    «   «    :  50 Gy vs 60 Gy   R0 :   83% -  88% 

                But ….   Toxicity is the ultimate Limit 

   With EBRT impossible to increase Dose > 80 Gy   

Gerard  J Clin Onc  2012   -     Rouanet  D C R  2017 

  

Proteus 
one 



Higher  Tumor Dose 
   (no toxicity +++) 

 
 Endoluminal approach 

 
Brachy RT   (1/ r2) 

FSD : Focus Surface  Distance 
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Brachytherapy 
 

1)     CXB 
      X50 kV 

 

2) Endoluminal  

HDR Ir192 
 

 

3) Interstitial 
 HDR Ir192 

1 2 3 



CXB  >  Iridium 
  

1) Higher (inhomogeneous) dose in Tumor:  

2)  Better accurate Targetting   (eye vs image guided) 

3) Better protection  of normal rectum 

4) Simple  -  radioprotection   -  Cheap 

5) Sustainable  development  (no radioactive waste) 

LIMITATIONS 



10mm 

 4mm 

Endoluminal  Iridium 192  HDR 

Courtesy  Te Vuong 

FSD : 4 mm 
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FSD  : 40 mm    vs 4 mm 



Dosimetry :  Monte Carlo    M C 2 PLANTM 
  

  
  

    
                

  
  

Applic 3 cm ᴓ  -   FSD : 4 cm 
Dose 50%   at  7 mm 

Penelope  Code 



Cont X Brachy         
     50 kV           FSD  :  40 mm 

Iridium  192        

   HDR 300 kV        FSD :  4 mm 

Brachy Endoluminal Rxtherapy  Rectum  

 1 cm 

Dose at surface applicator (S) vs Dose at 1 cm 

S 1 cm 
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Inverse Square Law  S : 4 π r 2 

ISOTROPIC   RADIATION  distribution : sphere     

1 cm  S : 1    Dose      10 Gy 
 
2 cm S :  4    D   25%   2.5 
 
3 cm S :  9    D   11%   1.1 
 
    

Point  Source 
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Rectum Brachytherapy -  Dose  Distribution  

        Iridium 192 HDR             Contact  X Brachy 
                                300 kV                               50 kVp  (25 kV)  
FSD        0,4 cm                     4 cm 

Surface        10  Gy           10  Gy   
T Depth 1cm    2.2  Gy         4.0  Gy 
 

Protocol AAPM  TG-43 U1 :    D = Sk.^. (1/r2).gp(r). ᴓ an (r) 
                          Catherine  DEJEAN 



           When FSD is short : 
        0.5  to  6 cm  (5 – 60 mm) 
 
 Dose is inhomogeneous 

 
For penetration (% depth-Dose) 
        FSD (Focus- surface –Distance) 
            is much more important 
              than Energy of beam 
  



CXB > Iridium 
  

1) Higher (inhomogeneous) dose in Tumor: Brachy RT   (1/ r2) 

2) Better accurate Targetting   (eye vs image guided) 

3) Better protection  of normal rectum 

4) Simple  -  radioprotection   -  Cheap 

5) Sustainable  development  (no radioactive waste) 

LIMITATIONS 



2009 

 2001  Philips machine Stop  
 
    2009 : Papillon 50 TM  
       UK- French design 
 
   Exp Rev Med Dev 
     2010; 34: 231 
    JP Gerard & al 
  
 

But … 

Londres   
 2007 



Papillon 50    Transanal Endoscopic  Brachytherapy   
     Non Toxic .  Efficient . Simple  (any age - ambulatory) 
                               Clinical  Expertise 

  1) Rigid scope  2) Target- Fixation   3) Irradiation 

30 Gy 
 2 mn 

3 cm 
   ᴓ 

Precision 5 cm3 



Planned  Preservation 

F  47 y                 T2N0 



     « Planned » Organ Preservation 

06.07.2017 

D1 - April 2017  D 28: cCR 3  months 

T2 TRG1      + 
CAP 50 



Nice 

Lyon-Villeurbanne 

Mâcon 

Mâcon 2010 
N Barbet 
 
 
Lyon- 
 Villeurbanne 
    2010 
 
R Coquard 
N Barbet 

Nice   2002 
 
JP Gérard 
K Benezery 
J Doyen 
 

CXB  France 



Epargne rectale - Papillon 50 - France 

Inst        N° pt    T2     T3       cCR        Loc Rec     Org Pres   Sp S 4 y  
 
Lyon V        16      13       3         16               2              14              83             
 
Macon         11        7       4         10               1              10              86 
 
Nice             57      32     25         53               3              57              81              
 
Total            84      52      32       79 (94%)  6/79 (11%)  81 (94%)   82%    
 

                                                                                                                                     
    

2003 – 2016 :  84 pts     Contact:  90 Gy/ 3 fr +  CAP  50  
           median age :  74 years   Med Fol-up :  53 months 
  

Frin AC & al  Eur J Canc  2017;72:124-36 



Rectal Preservation  Papillon50 Europe 

     2017 Europe  

    11  P 50 units  (Amst.)               
Liverpool – Clatterbridge 
Papillon Suite: Pr Sun Myint 



Inst              N° pt    T2     T3       cCR        Loc Rec     Org Pres      
 
Clatterbridge  200  89 21   90          72%            11%               62%    
2002-2014               
 
Hull     43        26     17       90%          15%             89%       
2010-2014 
 
Nice – M.V.     84        52     32       94%          11%             94%      
2002-2016 
 
Total                           327       188   139      85%          12%            81% 
 

                                                                                                                                        
Sun Myin t  BJR 2017  -   Dhadda  Clin Onc 2017 -   Frin AC & al  Eur J Canc  2017 

CXB + CRT organ preservation Europe 



CXB > Iridium 
  

1) Higher (inhomogeneous) dose in Tumor: Brachy RT   (1/ r2) 

2) Better accurate Targetting   (eye vs image guided) 

3)Better protection  of normal rectum ++ 

4) Simple  -  radioprotection   -  Cheap 

5) Sustainable  development  (no radioactive waste) 

LIMITATIONS 



        « Leyden  » Hebert Study   C Marijnen 
      Max Tolerated Dose   : 7 Gy  surface (X3)  (even with balloon ) 30 Gy 
          Rijkmans E    Hehert study   Int J Rad O B P  2017; 98: 908-17            



Cont X Brachy         
     50 kV           FSD  :  4 cm 

Iridium  192       . 

   HDR 300 kV          FSD :  0.4 cm 

Brachy Endoluminal Rxtherapy  Rectum  

Dose at normal Rectal Wall  :   W 

W 

W 



/2009 30/05/2009 

Rectum Brachytherapy -  Dose  Distribution  

      Iridium 192 HDR             Contact  X Brachy 
                              300 kV                                 50 kVp  
FSD      0,4 cm                 4 cm 

Surface      10  Gy           10  Gy   
1 cm lat.        4 Gy           <  0.1  Gy 
 

protocolAAPM  TG-43 U1 :    D = Sk.^. (1/r2).gp(r). ᴓ an (r) 



 

« Petit » T3a-b N0  ≤ 4 cm :  CXB+ CRT  

  T3b 

T3a 
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cCR D28 

    

ULCER       2-4  months  

Telangiectasia 2-3 Years 

LARS SCORE 



TOXICITY  -  BOWEL  FUNCTION (Nice - 57 pts) 

 - Rectal  Bleeding     (1-3 years after RT) 

         G1-2  :  25%     G3 :  9%    (plasma-argon) 

 

 - Bowel Function (score) 

    - MSKCC :  Good-excellent : 82.5%  -    Fair : 12.5% 

                       Poor : 5% 

   - LARS (26 pts) : Good (0-20) : 15   Fair (21-29): 9   Poor > 30: 0 

Minsky B   IJROBP 1992;23:387   -    Emmersten k  Ann Surg 2012; 255:922  



CXB > Iridium 
  

1) Higher (inhomogeneous) dose in Tumor: Brachy RT   (1/ r2) 

2) Better accurate Targetting   (eye vs image guided) 

3) Better protection  of normal rectum : less toxicity 

4) Simple  -  radioprotection  (room shield)  -  Cheap 

5) Sustainable  development  (no radioactive waste  - Terrorism ) 

 



Intraluminal  Brachytherapy 
      For Rectal Cancer 
 
            CXB  > HDR 





CXB > Iridium 
  

1) Higher dose in Tumor: Brachy RT   (1/ r2) 

2) Better accurate Targetting   (eye vs image guided) 

3) Better protection  of normal rectum and OAR ++ 

4) Simple  -  radioprotection   -  Cheap 

5) Sustainable  development   

                             LIMITATIONS   +++ 

 



Limitations 
  

• Size Tumor  :   <  5 cm ᴓ  (4 cm ?)  

• Site : Anal canal , Supra anal post , > 10 cm AV  

• Operator dependent : Rigid rectoscopy : Training  

• Still few strong evidence :  OPERA 

• Few machines but …  Papillon +  
 



CCR 

Rectoscope 

disposable  

Rigid   RECTOSCOPY  clinical practice  

2.5 cm ᴓ 

T3 Knee-chest 

Legrand TM 

« BIOPROBE » 

Palposcopy 



CRT first line – Organ Preservation 
  
Habr Gama (W Heald) : Watch & Wait   if cCR 

Sao Paulo : T2 vs T3  - Canada -   US :  

   MSKCC : T2 CRT + loc. Exc  ;  Prospect 

Europe : UK – NL- DK – France (GRECCAR) – Italy  

                       IWWD  :  1 009 pts 

    cCR : 15 - 50%      Loc Rec :  25 % [10-35] 

                Organ preservation : 20-40% 
    Habr Gama  ;  Garcia Aguilar ;  Jakobsen;  Beets ;  Rullier ;  Renehan;   



T2-3ab     CRT Alone           CRT + boost CXB 
Habr Gama  Beets  (Greccar) Gérard Sun Myint 

CRT alone 
      45 % 
       30  %          
   

CRT + Boost  CXB 
            cCR 

Loc Rec    
    90 % 
  ≤15 % 





/2009 /2009 

T 2-3a-b < 5 cm ᴓ   N0   M0    ;  Distal- Middle Rectum  

R 
 CRT 45 + EBRT :  9 Gy     

      CRT 45 + CXB   : 90 Gy  

     EVIDENCE    OPERA :  Phase  III  (Start  6-2015) 
0rgan Preservation Early Rectal Adenocarcinoma 

 W 14 

  End point     :  organ (rectal) preservation 3 years  (stoma- Loc R)  

  Hypothesis  :    20 % to  40 %   236  pts    (HR:0.56)      

Clinical 
response 

Resp 
Partial  :   TME     

cCR      : Watch/ Wait  or  Local Excision 

W 20 -  24 
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   France  
    90 pts     
 
   start 
June 2015 

November 
2017 
55 patients OPERA 

UK:  10- 2017 
Sweden - CH :2018 
 
230 pts : 2019 



OPERA : Some blinded data    Oct. 2017 16-11 

  

                        50 pts randomized  
-    Med age :   68 y          

-   T2  : 32     /  T3 : 18              ≤ 3 cm ᴓ : 21 /  > 3cm : 29 

-   Distal  : 36     /    Middle : 14 

- CRF  : 27 pts     cCR (12) + near cCR (9) : 21/27  (78%) 
-    

            No SAE        Gr 3 Toxicity : 3        Death : 0 



/2009 /2009 

 Randomisez trial : Lyon R 96-02 
 • T2-3     Distal rectum  Opérable :  90 pts    1996-2001 

     Preop alone EBRT  vs   EBRT + Boost  CXB :  TME to all pts 

• Main End Point :  sphincter preservation 

• Clinical CR:  2% vs 30%   Sph pr : 44% vs 76%  (p< 0.05) 

• At 10 years ,  10 patients cCR :   rectum Conservation   

•  TME  after boost contact :  Feasible – No extra toxicity 

• No isolated  perirectal  recurrence 

 Gérard : J Clin Oncol 2004; 22 : 2012  Ortholan  IJROBP 2012 



/2009 44 /2009 44 /2009 /2009 44 

Day 1 

uT2N0 

Day 70 

pT0N0  14 years 
(2013)  NED  

1999 
F 52 y 
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Papillon +  X Ray Tube :           Micronode   310 °       

« Magic stick  2017 » 
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NICE  BREAST   APPLICATOR TM   

N B A 



NBA   Dose profile    Flatness 

Gaf Chromic  Films     3/2013    Derby 

JP GERARD   2013 Rad Oncol ; 106 supp 2  OC- 0479 
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French patent  
       04.2011 

European  PCT patent 
          03.2013 

NBA Patent 



Target volume : 20 cm 3 

Isotropic  
  beam 
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 20 Gy  
 2 mn 

Appareil Papillon+TM  :  12 - 2017    
Breast IORT 2 mn →  Cancer Rectum 

P + 

2017- 18 



                  

2017 – 2018 
 
New Papillon + 
 
 
Amsterdam NKI 
RMH 
 … 
 
Amendment 
OPERA 



Papillon future developments  
  

- Papillon + tm  ,  rode (tube)  ᴓ : 22 mm  -   16 mm 

- Beam distribution:  isotropic   (lateral beam) 

- Intraluminal « stepping source » 

- Larger  T3  Tumor : 

                    > 5 cm long     >  ½ circumference 

- Shielding (efficient) normal rectum :  50 kV: lead 

                               2018 -  2019  ?? 
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Inverse Square Law  S : 4 π r 2 

ISOTROPIC   RADIATION  distribution : sphere     

1 cm  S : 1    Dose      10 Gy 
 
2 cm S :  4    D   25%   2.5 
 
3 cm S :  9    D   11%   1.1 
 
    

Point  Source 



           When FSD is short : 
        0.5  to  6 cm  (5 – 60 mm) 
 
 Dose is inhomogeneous 

 
For penetration (% depth-Dose) 
   Increased  FSD (Focus- surface –Distance) 
            is the most important 
                



Veijle         
   HDR 300kV          FSD :  10 mm 

Novisad       . 

   HDR 300 kV        FSD :  4 mm 

  Veijle   vs Novisad / Oncosmart Applicator : Iridium  HDR 



 Brachytherapy : FSD  Key parameter for Depth Dose 

FSD  r r2 dose  surface  dose   dose 
4mm    
  4 16 100      100 
5mm  9 81   81/16 : 5    5              20 
10mm 14 196          196/16 : 12  12      8 
 
FSD 
10mm  
  10     100   100       100 
5   (15) 15     225           225/100 : 2.25           2.25     40 
10 (20) 20     400           400/100 : 4      4     25 

Novisad / Oncosmart (4mm)   vs  Veijle (10 mm)  
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        HDR  
 vaginal vault 
Stepping source 
    X 50 kV 
 Schneider IJROBP  2009 

 
    Papillon + 
 
  Rectal Applicator 
        2.5 cm ᴓ 
      FSD : ≥ 1 cm 
    T3 b-c > 4 cm 
 
         
 
     



58 

      
    Papillon + 50 kV 
 Rectal Applicator 
 
        2.5 cm ᴓ 
      FSD : ≥ 1 cm 
    T3 b-c > 4 cm 
 
   Lateral beam 
   Lead shield 
   Stepping source 
 
   Montreal – Veijle - Leyden 

 
   
 
         
 
     

2.5 
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    Papillon + 50 kV 
 Rectal Applicator 
 
        2.5 cm ᴓ 
      FSD : ≥ 1 cm 
    T3 b-c > 4 cm 
 
   Lateral beam 
   Lead shield 
   Stepping source 
 
   Montreal – Veijle - Leyden 

 
   
 
         
 
     

2.5 

KAS 16-11-17 



Take home message 
  

- OPERA  -   Morpheus 

- Radioprotection    50 kV > Iridium 

- Efficacy :       T   targeting  - High Dose 

                        OAR protection 

                         Therapeutic ratio 

-  Cooperation (cost/benefit ratio) 



        Rectal Cancer  Radiotherapy   2024 ! 

Proton Brachy X15 mV 

    
 
  
 
   Proton 
       +  
   Brachy 
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Paris -  BATACLAN - Bruxelles -     
NICE -Londres- Barcelone – New York                            
.                Not  afraid ! 

MERCI 



Step and shoot linear rectal treatment with Papillon X ray 
 brachytherapy system. 

  
Example 

Step and shoot: 25 mm diameter applicator, 60mm beam length, 7 steps 
HVL: 0.65 mm Al,  
SSD: 11mm  
Dose at 5mm tissue depth: 36% 
Total radiation beam on time: 4 minutes. 
Annular shielding: 0.25 mm Pb. over 120 degree segment reduces radiation 
to <1%  

KAS 16-11-17 



Past-Present- Future : dose   100% PTV  –  0% OAR 

Brachytherapy – particle therapy-Hadron 

Proton Brachy X15 mV 
    2024  ! 
 
  Rectum: 
 
   Proton  
+ Brachy 



2009 

 2001  Philips machine Stop  
 
    2009 : Papillon 50 TM  
       UK- French design 
 
   Exp Rev Med Dev 
     2010; 34: 231 
    JP Gerard & al 
  
 

But … 

Londres   
 2007 



Rectum External Beam RT   (EBRT) BOOST ?? 
  

EBRT : - stereotactic Body RT  (SIB) 

       - cyberknife 

       - proton 

ACCORD 12 phase III :  45 Gy  vs 50 Gy   ypCR : 13% - 19%  

GRECCAR 12    «   «    :  50 Gy vs 60 Gy   R0 :   83% -  88% 

                But ….   Toxicity is the ultimate Limit 

   With EBRT impossible to increase Dose > 80 Gy   

Gerard  J Clin Onc  2012   -     Rouanet  D C R  2017 

  

Proteus 
one 
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Inverse Square Law  S : 4π r 2 

ISOTROPIC   RADIATION  source : sphere     
  1 cm   S :1    Dose  10 Gy 
   2 cm  S :4      25%:   2.5 
   3 cm  S :9      11%:   1.1 
 
   10 cm        S :100   
  1cm/10cm :    1% :  
     1000 Gy : 10 GY 

1mm :  15% 



10 
mm 
5 mm 

7 mm 
5 mm 

2,8 x 2,8 x 1,5 = 9,2 cm3 

2.2X2.2X1.2  = 4.5 cm3 

1.8X1.8X0.9 = 2.3 cm3 

 - « Tumor  destroyed  
     layer by layer »     
        J  Papillon 
 
 -  Contact  X ray Brachy 
 
     D1 – D 28   : 90 Gy / 3 Fr 
 
     Mean Dose:48Gy / 3 F 

 
     α/β  :   10  (S Marcié) 
 
  EQD2  =  98 Gy 
 
 
-   Appelt T 3cm ᴓ x2 thick   30 Gy 
 
     α/β  :   10 : EQD2 : 33.9 Gy 
 
 

 
 
                   

4 mm 
5mm 

D 1 
 30 Gy 

D 14 
  30 Gy 

D 28 
 30 Gy 
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Papillon + 50 kV 
Rectal Applicator 
 Lateral  Beam 
 Stepping source 
 
   vs  Iridium 
                                                                                                                                                                                                                                                                                                                                                 
         
 
     



Organ preservation 
  

- Topic  of  interest  ++  (LARS Syndrome) 

- To « hope »for organ preservation: first Clinical CR 

- CRT alone : Sao Paulo; NY; UK; NL; France 

 IWWD :  1008 pts  

 cCR  : 20-50%     Loc Rec : 25% [ 15-40%] 

- ADK rectum : quite radioresistant tumor 

- RT dose escalation  (toxicity)  :  BOOST 



/2009 30/05/2009 

FSD  r r2 dose  surface  dose   dose 
4mm    
  4 16 100      100 
5mm  9 81   81/16 : 5    5              20 
10mm 14 196          196/16 : 12  12      8 
 
FSD 
40mm  
  40     1600   100       100 
5   (45) 45     2025           2025/1600 : 1.2   1.2     83 
10 (50) 50     2500           2500/1600 : 1.56   1.56     64 
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DRE  +  ED+NDOSCOPY  :  
         Key examens 
Rectoscope  Legrand  Paris 

Manche 
  LED 
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   T1 

    T3 
LEGRAND tm 

KNEE - CHEST 

CCR 

Rectoscope 

disposable  

RECTOSCOPY + DRE in  KNEE CHEST POSITION 

« BIOPROBE » 
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LEGRAND tm 

KNEE - CHEST 

CCR 

Rectoscope 

disposable  

Wek  14 : RECTOSCOPY  +  DRE  + MRI  

« BIOPROBE » 

2.5 cmᴓ 
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Inverse Square Law  S : 4π r 2 

ISOTROPIC   RADIATION  source : sphere     
  1 cm   S :1    Dose  10 Gy 
   2 cm  S :4      25%:   2.5 
   3 cm  S :9      11%:   1.1 
 
   10 cm        S :100   
  1cm/10cm :    1% :  
     1000 Gy : 10 GY 

1mm :  15% 
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