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In times of individualized medicine… IORT 2014 and after… 

Peter P. Yu ASCO President 51th… Messages  

 

“Illumination and innovation: transforming data into learning” 

 

-Best clinical results = Best personal (values) results 

-30% non-USA members: diversity 

-Money and politics = affordable individualized medicine 

ASCO 2014 “Science and Society” 



Van der Schueren Award 2011… 

3 years after… 



Arguments for sceptics…                                      3 decades… a summary… and after… 

Is radiotherapy… 

Is precise radiotherapy… 

Is a precise component of RT for dose-escalation… 

Is an efficient alternative for RT dose-de-escalation… 

 

 

Adds a radiobiological safety margin to surgical resection… 

Does not interferes with systemic therapy 
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The past, The present, the future                                         3 decades… a summary 

 Tissue tolerance knowledge 

 Standardization procedures (Surgery + Radiotherapy) 

 Patient transportation 

The Past The present The future 



The past, The present, the future                                         3 decades… a summary 

 

 Miniaturized IORT dedicated technology 

 Virtual TPS IORT, in vivo dosimetry… (radio-surgical specific elements) 

 Dose-escalation vs Dose-de-escalation alternatives trials  

The past The Present The future 



Results for sceptics…                                                               3 decades… a summary 

IORT… 

 

Is radiotherapy… feasible and tolerable 

Is precise radiotherapy… able to be planned and registered 

Is a precise component of RT for dose-escalation… 

                  50Gy + 10/15Gy IORT LC >90% R0 

                  50Gy + 10/15Gy IORT LC >50% R+ 

Is an efficient alternative for RT dose-de-escalation… 

                   20-21Gy LC >95% R0 

Adds a radiobiological safety margin to surgical resection… 

Does not interferes with systemic therapy… 



The past, The present, the future                                         3 decades… a summary 

 

 Tailored / individualized oncology & IORT 

 Nomogram guided IORT 

 Molecular guided IORT 

 “Making friends”: IMRT/IGRT + IORT (super-hypofrationated RT)  

The past The present The Future 
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The past, The present, the future                       3 decades… a summary…and after… 

 

 Tailored / individualized oncology & IORT 

 Nomogram guided IORT 

 Molecular guided IORT 

 “Making friends”: IMRT/IGRT + IORT (super-hypofrationated RT)  

The past The present The Future 

3D IMRT 



Patient selection: based on… treatment options? … risk?… 



IORT options in times of technological high-precision revolution 

Clinical opportunities… 



Local therapy 

Local tumor control promotion 

 

Dose–escalation (improvement) 

Dose–de–escalation (equivalence)  

Survival 

Academic contribution: multidisciplinary oncology 

• Topography of intensification 

• Dose-dense radiotherapy (shorter treatment time) 

• Normal tissue tolerance balance 



Disease Models for Dose–escalation: Results and Opportunities 

• Pancreatic cancer (cuasi-uncurable disease) 

• Esophago gastric 

• Locally advanced rectal cancer  

• Soft tissue sarcomas 

• Breast cancer 

• Mono-oligotopic recurrent cancer (cuasi-uncurable disease) 

iORT is a precise boost to be combined with high-precision RT 



IORT Results: Locally advanced unresectable pancreatic cancer 
 

1981-2005, 23 Institutions, 862 patients  

8-16 months median survival time (12 months) 

50-100% pain relieve effect (80%) 

1978-2001, 150 patients, MGH-Boston 

13 months MST, 8 long-term survival  

<6 cm ᴓ applicator 17% 3-y OS 

2011 

2005 



IORT Results: Locally advanced unresectable pancreatic cancer 
 

2000-2006, 144 patients, 34 institutions 

 

Local control 51%, 2 years 

 

EBRT 50 Gy + IORT= LC 71% 

 

Survival CT 18% vs 0% 2 years 

2011 



194 pts 

Charlson +/- CT 

diameter 

comorbidity 

CT 



IORT Results: pancreatic cancer post-resected     3 decades… a summary 

1985-2009, 778 patients, 23 Institutions 

 

9-19 months MST (16 mo) 

1985-2006, 270 patients,  

 

Gemelli, San Rafaelle, Marañón, Heildelberg, Paracelsus 

 

 

 

 

 

 

 

 

 

OS 5-y 18% (preoperative CRT MST 30 MO vs 20 MO) 

2011 

9%-55% local recurrence 

2009 

Local control @ 5-y 23% (T3-4, R2, N+) 



IORT Results: pancreatic cancer post-resected     3 decades… a summary 

1984-2002, 14 Journal articles, 789 patients 

Palliative surgery + IORT 0-3% OS @ 5-years 

Curative surgery + IORT  6-22% OS @ 5years 

Curative surgery + IORT + EBRT  7-27% OS @ 5-years 

2008 



60 pts resected  

1995-2010 

29 non-IOERT pts 

             vs 

31 IOERT pts 
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Disease Models for Dose–escalation: Results and Opportunities 

• Pancreatic cancer (cuasi-uncurable disease) 

• Locally advanced rectal cancer  

• Soft tissue sarcomas 

• Breast cancer 

• Mono-oligotopic recurrent cancer (cuasi-uncurable disease) 

iORT is a precise boost to be combined with high-precision RT 



1994 – 2006 

 

290 patients preop RT (70% CRT) 

 

 

 

,  

(distal, R+, 48% outside IORT field) 

 

67% cancer-specific survival @ 5-years 

1989 – 2005 

 

605 patients Catharina, Marañón, Gemelli, Heidelberg 

 

 

 

 

68% OS @ 5-y (male, >70 years, no-downstaging, N+, R+, CT) 

 
“Seed and soil” adjuvant chemotherapy on LC 

 

Prognostic index model  

IORT Results: Locally advanced rectal cancer  2014 update 

12% local recurrence @ 5-y (downstaged, N+, R+, adjuvant CT) 

2009 

13% local recurrence, 5% presacral,  

 

2010 



1993 – 2001 / 7 French institutions 

2000 – 2009 publications, 15 articles (quality selection)  

1755 patients  

10% reduction in LR over the IORT area 

IORT Results: Locally advanced rectal cancer                  3 decades… a summary 

R PTS LC OS Complications 

IORT (1Gv) 73 91% 70% 29% 

no IORT 69 92% 74% 19% 

“Technical feasibility for future phase III trials” 

Safety Primary Recurrent 

Acute * 0,7% - 22% 2% - 20% 

Late 11% - 30% 5,4% - 74% 

Efficacy (LR 5y) 6% - 12% 32% - 46% 

* Except incontinence evaluation   

2011 

2011 



CRM < 2 mm 

CRM + 







Disease Models for Dose–escalation: Results and Opportunities 

• Pancreatic cancer (cuasi-uncurable disease) 

• Locally advanced rectal cancer  

• Soft tissue sarcomas 

• Breast cancer 

• Mono-oligotopic recurrent cancer (cuasi-uncurable disease) 

iORT is a precise boost to be combined with high-precision RT 



IORT Results: Soft tissue sarcomas                                     3 decades… a summary 

180-185, 35 patients, NCI-Bethesda 
 

1988-2008, 1173 patients, 18 Institutions 

 

 

 

OS @ 5-y 36%-48% (DFS 28%) 

R PTS 
LC  

(in-field) 

DFS  

(mo) 

IORT  

(20Gy+40Gy) 

15 68% 20 

no IORT  

(50Gy-55Gy) 

20 22% 38 

Acute enteritis 1 vs 12, 

chronic enteritis 2 vs 7, 

fistula 0 vs 6 (significant) 

1988 

2011 

In-field failure 20%-60% (32%)  

 









Disease Models for Dose–escalation: Results and Opportunities 

• Pancreatic cancer (cuasi-uncurable disease) 

• Locally advanced rectal cancer  

• Soft tissue sarcomas 

• Breast cancer 

• Mono-oligotopic recurrent cancer (cuasi-uncurable disease) 

iORT is a precise boost to be combined with high-precision RT 



IORT Results: breast cancer (anticipated boost)             3 decades… a summary 

1997-2009, 2.301 patients, 16 Institutions 

 

 

 

Median follow-up 25-109 months (70 mo) 

1998-2005, 1.231 patients, ISIORT-Europe, 10Gy boost 

 

Salzburg, Montpellier, Gemelli, San F. Neri, IEO, Münster 

 

 

 

89% OS @ 10-years (MFT 73 moths) 

Local recurrence (in-breast) 0-4% (1,8%) 

2011 

2007 

1,4% in-breast recurrence (8/16 in-quadrant) 



IORT Results: breast cancer (anticipated boost)             

1998-2005  

 

300 patients 

 

20Gy boost + 50Gy whole-breast 

 

 

 

1,0% in-quadrant 

2004-2007, 211 premenopausal pts (46% adjuvant CT) 

 

12Gy boost + hypofractionated RT (2,85Gy x 13f) 

 

 

 

Maximal acute toxicity skin toxicity 67% G1, 28% G2, 4% G3 

2010 

2008 

1,7% local recurrences @ 5-years (in-breast) 

0% in-breast recurrence 





Disease Models for Dose–escalation: Results and Opportunities 

• Pancreatic cancer (cuasi-uncurable disease) 

• Locally advanced rectal cancer  

• Soft tissue sarcomas 

• Breast cancer 

• Mono-oligotopic recurrent cancer (cuasi-uncurable disease) 

iORT is a precise boost to be combined with high-precision RT 



IORT Results: colo-rectal recurrent cancer Mayo Clinic 
3 decades… a summary 

1981-2008, Mayo Clinic (>25 years experience) 

 

607 patients (rectal 70%), recurrent 45% previous RT, R0 85% 

 

 

 

 

 

 

 

 

 

 

 

 

Survival affected by Rstatus, CT, before/after 1997 

2011 

LC 68% @ 5-y, 30% OS  

Central-control vs prior EBRT 

(18% vs 14%)  

R0/R+ (11% vs 9%) 



Oligo-recurrent cancer: oligotopic extrapelvic sites 



Oligo-recurrent rectal cancer  









Oligo-recurrent + / - locally advanced renal cancer  



Disease Model for Dose–de–escalation: Results and Opportunities 

• Breast cancer 

• Rectal cancer 

• Pancreatic cancer 

• Gastric cancer 

• Oligorecurrences 

iORT alone is the only component of high-precision RT 



B 



IOeRT 21 Gy - ELIOT 

EBRT ELIOT p 

RL– 5 y 4 (0.4%) 21 (2.5%) 0.0003 

New  1º ipsi 0 14 (1.9%) 0.0001 

TOTAL 

LOCAL 

4 (0.4%) 35 (4.4%) <0.0001 

Relapse 

Axilar/gang 

2 (0.3%) 9 (1%) 0.03 

LRR 6 (0.8%) 44 (5.4%) <0.0001 

Contralateral 13 (1.7%) 8 (1.1%) 0.34 

Metastases 35 (4.8%) 33 (5.1%) 0.94 

Veronesi U.: Lancet 2013 



IORT alone Result: Breast cancer (De-escalation studies)  
3 decades… a summary 

2000-2008, 1.822 patients, IEO-Milan, T<2,5cm 

 

21Gy alone, MFT 36 months 

 

1,3% in-breast ipsilateral,2,3% in-quadrant,89 OS @ 10-y 

2010 LC influenced by age, size, N, Cerb+++, grade, perineural  

  

 

“Suitable” 

1.5% at 5-y 

“Good” 

1.9% at 5-y 





Disease Model for Dose–de–escalation: Results and Opportunities 

• Breast cancer 

• Rectal cancer 
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• Gastric cancer 

• Oligorecurrences 
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Disease Model for Dose–de–escalation: Results and Opportunities 

• Breast cancer 

• Rectal cancer 

• Pancreatic cancer 

• Gastric cancer 

• Oligorecurrences 

iORT alone is the only component of high-precision RT 



IORT Results: Locally advanced unresectable pancreatic cancer 
 

2000-2006, 870 patients, 34 Institutions 

 

21% investigational protocol,44% EBRT 

 

76% concomitant gemcinabine, 75% IORT dose>25Gy 

2011 



Disease Model for Dose–de–escalation: Results and Opportunities 

• Breast cancer 

• Rectal cancer 

• Pancreatic cancer 

• Gastric cancer 

• Oligorecurrences 

iORT alone is the only component of high-precision RT 



84 patients 

23 Gy 9-15 MeV 

Single dose 

58% OS (5y) 

No differences OS 

No paterns of recurrence 

 



Disease Model for Dose–de–escalation: Results and Opportunities 

• Breast cancer 

• Rectal cancer 

• Pancreatic cancer 

• Gastric cancer 

• Oligorecurrences (STS) 

iORT alone is the only component of high-precision RT 





Van der Schueren 2011… 

3 years after… 

 

A synthesis of data,progress 

     and opportunities 



IOeRT in resected primary cancer:  2014 update HGUGM published results 

Cancer N Stage / treatment In-field relapse Survival Local  
adversity 

Local 
compensation 

Esophago-
gastric 

53 IIA-IIIB 
Neoadjuvant + 
CRT 

5,4% vs 25% 48% (5y) No-IORT cN+, cT 

Rectal 335 cT3-4 or cN+ 
Neoadjuvant + 
CRT 

5% (presacral) 72% (10y) R1, ypN+ Grade, distal 
margin 

Pancreas 60 IIA-IIIB 
R + IOeRT +/- 
pre/post CRT 

4% vs 65% 20% (5y) No-IORT, R1 pN+,  
R1 (+EBRT) 

Gastric 
 

32 IIA-III 
R + post CRT 
 

0% 54% (5y) pN+ 
(non in-field) 

R1, pT3 stage 

Extremity 
sarcoma 

159 I-III 10cm 
R + post RT 

14% 72% (5y) 

Pediatric 
extremity 
sarcomas 

62 R + post RT 15% 81% (10y) R1, >5cm Histology,grade 
deep 

Breast* 56 T1-2Nx post-RT 
T1-2N0 no-ERT 

0% (3y) 96% (3y) Luminal B 
Marging + 

With EBRT 

CRT: chemo-radiation; R: resected; EBRT: external beam radiotherapy; * under revision 



IOeRT electrons: 2014 results update in oligorecurrence 

Cancer N Local control Survival Adversity 
Local  

Compensation 
Local 

Gynecological
1 

61 69 42 No EBRT Para-aortic 

Rectal1 60 44 39 No EBRT 
R1 

Fragmentation 

Sarcoma 2 103 64 52 No EBRT 
R1 

Fragmentation 
/ histology 
grade 

Renal3 98 72 43 Recurrence 
N+ 

R1 

1, HGUGM 
2 HGUGM, HRyC, CUN 
3 HGUGM, CUN, MGH, Heidelberg 

 



IORT options in times of technological high-precision revolution 

Clinical opportunities….risk  
Bio-models + technology + outcome… 

http://www.ajedrez32.com/wp-content/uploads/2008/12/salvapantallas-5.bmp


Physical dose 

EBRT 

Physical dose 

IORT 

Physical 

dose total 

+ = 

From physical dose outcome analysis… 



BED 

RT 

BED 

IORT 

BED 

total 

+ = 

To biomodeling dose-dense IOERT containing results: 

                               pooled sarcoma data 

Polo et al. ASTRO 2012 



IORT options in times of technological high-precision revolution 

Clinical opportunities….risk  
Bio-models + technology + outcome… 

Dose-dense strategies: Hypofractionation 

 
Rectal cancer: 5 x 5 Gy + CT + selected IORT 

Breast cancer: Fastner / Seldmayer ISIORT-01 trial 

Pediatric sarcomas: anticipated boost Calvo et al 2014 

 

http://www.ajedrez32.com/wp-content/uploads/2008/12/salvapantallas-5.bmp


IORT options in times of technological high-precision revolution 

Clinical opportunities….risk  
Bio-models + technology + outcome… 

Dose-dense-escalated strategies 

 
Extremity sarcomas: IMRT vs 3D superior Folkert / Alektiar J Clin Oncl 2014 

Retroperitoneal sarcomas: pre-IMRT + IORT Roeder et al BMC Cancer 2014 

Pancreatic cancer: SBRT efficient Trakul et al Sem Radiat Oncol 2014 

Oligo-cancer: SBRT curable Corbin / Weichselbaum JClin Oncol 2013 

Rectal cancer: laparoscopic resection + IORT  
Calvo / Sole (J Cancer Res Clin Oncol 2013) 

http://www.ajedrez32.com/wp-content/uploads/2008/12/salvapantallas-5.bmp


IORT options in times of technological high-precision revolution 

Clinical opportunities….risk  
Bio-models + technology + outcome… 

Dose-dense-escalated-molecular-guided strategies 

 

 
Breast cancer: neoadjuvant CT + anticipated IORT  
Fastner / Sedlmayer Int J Cancer 2014 

 

Sarcomas: trabectidin (Curr Oncol Rep 2014), pazopanib (Sarcoma 2014) 

Pancreatic cancer: stroma nab-paclitaxel (N Eng J Med 2013) 

Esophago-gastric cancer: HER2 positive trastuzumab (Br J Cancer 2014) 

Rectal cancer: K-RAS status personalized + IMRT (Am J Clin Oncol 2014) 

Gynecologic cancer: EGFR mutations GOG (Gynecol Oncol 2013) 

http://www.ajedrez32.com/wp-content/uploads/2008/12/salvapantallas-5.bmp


From ISIORT 2012 to 2014 

http://www.ajedrez32.com/wp-content/uploads/2008/12/salvapantallas-5.bmp


Personalized RT? Risik adapted RT? 







Results for sceptics…                                                               3 decades… a summary 

IORT… 

Is radiotherapy… feasible and tolerable Practice expanded by technology 

Is precise radiotherapy… able to be planned and registered TPS + IMRT/IGRT/SBRT 

Is a precise component of RT for dose-escalation… 

                  50Gy + 10/15Gy IORT LC >90% R0  

                                       Hypofractionation (EBRT) 

                50Gy + 10/15Gy IORT LC >50% R+, fragmentation, ypN+ 

                        Hypofractionation (EBRT) + further escalation 

Is an efficient alternative for RT dose-de-escalation… 

                   20-21Gy LC >95% R0 favourable molecular profile 

                              Hypofractionation (EBRT moderate) 

Adds a radiobiological safety margin to surgical resection… Extended 

Does not interferes with systemic therapy… Targeted therapy 

              Neo-adjuvant systemic therapy (high metastatic risk) 



 Cancer RT  & Individualized Medicine 

Technology & future…Cycle of innovated practice 
Personalized RT / IORT in to Personalized Oncology

  

Technological developement 
Diversity & innovation 

 
 
 
 
 
 
 
 
 

Cost-efficient 
RT strategies 

Social/Medical/Personal 
profit 

 

 

Understanding 
      heterogeneous  

loco-regional risks 

Adapting 
loco-regional treatment 

alternatives 



In times of individualized medicine… IORT 2014 and after… 

Peter P. Yu ASCO President 51th… Messages  

 

“The State of Cancer in America: 2014” 

 

-¼ uninsured individuals 

-annual cost rise proyected $104 billion in 2006 to $173 billion in 2020 

-Excess economic burden of survivorship: 

                           recently diagnosed $16,000 per survivor, per year 

                           previously diagnosed $4,000 per survivor , per year 

-25% of personal bankruptcies are precipitated by health care crisis 

 

ASCO 2014 “Science and Society” 



The Museum, 1983… 




