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

Is radiotherapy…

Is precise radiotherapy…

Is a precise component of RT for dose-escalation…

Adds a radiobiological safety margin to surgical resection…

Does not interferes with systemic therapy



FUNDAMENTALS: DEFINITION

RT during cancer

Protection of normal tissues (temporary displacement)

Minimal  tumor burden (post–resection status)



Fundamentals: description

Vision guided RT

Fingers (tactile) guided RT

Surgical guided RT





Academic contribution: multidisciplinary oncology

• Topography of intensification

• Dose-dense radiotherapy (shorter treatment time)

• Normal tissue tolerance balance



Treatment Strategy: Dose–escalation vs Dose-de-escalation

IOERT boost + EBRT  (+/- Hypofractionated)
vs
IOERT alone (exclusive RT component)

10 – 20 Gy + 50 Gy vs 15 – 25 Gy



IOERT boost + RT external

Personalized risk-adapted intensification:
R0-closed, R1, R2



Boost Treatment Strategy: Dose–escalation & Cancer sites

GI: pancreas, colo-rectal, gastric

Sarcomas: retroperitoneal, extremity, bone

Breast: unselected and post-neoadjuvant CT



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



194 pts

Charlson +/- CT

diameter

comorbidity

CT

Cancer 2015



IORT Results: pancreatic cancer post-resected ISIORT pooled analysis

2011

2009

data period # pts # centers outcome
Gunderson et al 1985-2009 778 23 9-19 mo MST (14)

ISIORT-Europe 1985-2006 270 5 preCRT MST 30  vs 20 mo



Mayo Clinic
2002-2010

48 pts: 11 borderline (BR)

Preop CRT
31 resected

5 LF
22DF

R0/R1 vs R2/NR p=0.002

BR vs UR p=0.06



RESULTS: 
68 patients post-FOLFIRI , 41 (60.3%) resected,18 (26.5%) unresectable, 9 
(13.2%) metastatic. 

22 received IORT for close/positive resection margins on frozen section.

Median OS 

35.1 months resection + IOERT
24.5 months resection alone
24.3 months IOERT alone

Unresectable disease (18): median OS 24.8 months. 
IORT increased hospital stay (4 vs. 3.5 d), no difference operative times or 
morbidity





CT + CRT + S + IOERT
close / + margins 72%



Boost Treatment Strategy: Dose–escalation & Cancer sites

GI: pancreas, colo-rectal, gastric

Sarcomas: retroperitoneal, extremity, bone

Breast: unselected and post-neoadjuvant CT

Prostate: exclusive and post-prostatectomy





PubMed, Embase, March 2016

EVIDENCE SYNTHESIS: 

11 studies, 9 gastric cancer and 2 for esophageal cancer. 
1581 patients, 570 in the IORT group and 1011 in the control group
no significant difference in overall survival (OS) 
Gastric and esophageal cancer had similar results (P=0.08)

IORT favorable effects in stage II and stage III
IORT had advantage in loco-regional control 

Complications no significant different IORT vs control group (P=0.50).



Boost Treatment Strategy: Dose–escalation & Cancer sites

GI: pancreas, colo-rectal, esophago-gastric

Sarcomas: retroperitoneal, extremity, bone

Breast: unselected and post-neoadjuvant CT



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 

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



125 pts; 68 IOERT; 39% T4; 77% N+; adjuvant CRT





1981 to 2010, 417 patients

306 patients (73%)  R0 resection 

preop CRT associated higher R0 resection

5y DFS and OS: 55% and 56%, respectively.
16% of all cases a LR developed

J Gastrointest Oncol. 2016 Dec;7(6):903-916. 



LR > 8 weeks



R0 resection 306 pts (73%)

R0 vs R+ outcomes



toxicity

29 studies,3.003 pts, 1792 primary LARC, 1211 recurrent

P = 0.03

P = 0.001

NS



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-recurrence vs prior EBRT 
(18% vs 14%)
R0/R+ (11% vs 9%)



565 pts; before 2010; R0 44% (re-CRT 43% vs full-CRT 50%) 
no preCRT R0 26%

Mayo Clinic + Catherina Hospital

re-CRT ! outcome



R+ (R1 or R2) has a local + systemic impact!













Boost Treatment Strategy: Dose–escalation & Cancer sites

GI: pancreas, colo-rectal, esophago-gastric

Sarcomas: retroperitoneal, extremity, bone

Breast: unselected and post-neoadjuvant CT

Prostate: exclusive and post-prostatectomy



2017

908 patients 1988-2013

352 liposarcomas

843 EBRT
32 EBRT + IOERT

33 IORT + S



Liposarcomas 352

IOERT + EBRT+ S best combination (survival)



23 (50%) surgery + radiotherapy (EBRT + IOERT), 23 (50%) surgery only

(R0: 77.6%; R1: 70.0%; R2: 42.9%; p = 0.03). 

Surgery plus radiotherapy led to significantly improved survival (p = 0.04).

Departments of General- and Visceral Surgery, Radiation Oncology 
Universitätsklinik Freiburg, Germany.



R2
R0 + R1

S + IOERT + EBRT

S alone



Boost Treatment Strategy: Dose–escalation & Cancer sites

GI: pancreas, colo-rectal, esophago-gastric

Sarcomas: retroperitoneal, extremity, bone

Breast: unselected and post-neoadjuvant CT



ISIORT e, 1109 p (unselected), 10 Gy, 72 MFT

16 in-breast (1,4%), 99.2% LC @ 5y, grade 3 (0.03 multiv)



Boost Treatment Strategy HGUGM: Dose–escalation & Cancer sites

GI: pancreas, colo-rectal, esophago-gastric

Sarcomas: retroperitoneal, extremity, bone

Oligo-recurrences: gyne, sarc, rectal

Pediatric: Ewing, rabdo, miscellaneous

10 to 20 Gy boost + EBRT 45-55 Gy
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35 % rescue surgery



8 applicator diameter 5-15 cm; 4 beveled end 0-45º;7 e- enegies 4-8 MeV

> 150 dosimetric configurations available



IOERT Program HGUGM Madrid Spain 1995 – 2015: colective maximal effort

1.326 procedures … (7th May 2015)

> 2.200 surgical-room hours in primary disease

> 1.200 surgical-room hours for rescue of oligo-recurrent disease

> 95% of cases transported to a fixed non-dedicated linac

20 years of sustined clinical activity (no discontinuity)

> 200 profesional involved (20 generations of residents)

> 100 visitors, 17 countries, 22 hospitals



2012-2017; 7 pub (1q/ >48 IF)
primary locally advanced disease

8 cancer sites/histologies
757 pts



NAT CRT vs NAT CRT + IOERT

IOERT improved local control

5,4% vs 25% local relapse
cN and cT compensation

53 patients



60 pts resected 
1995-2010
29 non-IOERT pts

vs 
31 IOERT pts

+ EBRT

Vascular resection 17 %

R+







>12.5 Gy improved LC



Size >5cm, R+ for local control
compesates histology adversity



37 Ewing / 34 RMS

Recurrent

R1

24%
LR @ 10 y

disease status (recurrent), R+ for local control
compensates R1 if NAT responder



IOeRT in resected primary cancer:  2017 update HGUGM published results (toxicity)

Cancer N
Acute      Late

Stage / 
treatment

In-field relapse Survival Local 
adversity

Local 
compensation

Esophago-
gastric

53

58%       21%

IIA-IIIB
Neoadjuvant + 
CRT

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

Rectal 335

30%       10%

cT3-4 or cN+
Neoadjuvant + 
CRT

2,5% 
(presacral)

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

Pancreas 60

43%        -

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

4% vs 65% 20% (5y) No-IORT, R1 pN+, 
R1 (+EBRT)
ypT3

Gastric 32

40%        -

IIA-III
R + post CRT

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

R1, pT3 stage

Extremity 
sarcoma

159
14%        10%

I-III 10cm
R + post RT

14% 72% (5y) Size >8cm
histology

Pediatric 
extremity 
sarcomas

62

21%        17%

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
Margin +

With EBRT

757 patients



2012-2017; 9 pub (1-2q/ >25 IF)
oligo-recurrent cancer

6 cancer sites/histologies
332pts



R+, re-recurrence for local control



R+, recurrent, histology for in-field control



Oligo-recurrent rectal cancer 

60 pts (extended resection 38)
Multiorgan 26
LC 53%
5y survival 43%

Local compensation:

Tumor fragmentation
R1 if no previous EBRT



81 pts
Extended surgery
5y LC 41%

R+ EBRT + IOERT 5y OS 27%



35 pts
Multiorgan resection 54%
5y LC 58%
5y OS 42%

EBRT and time interval influence Survival



Oligo-recurrent + / - locally advanced renal cancer 

98 patients
MGH, CUN, Heidelberg, Marañon

Pooled analysis 2014



1995 – 2017
143 patients
MFT 48 months
5y LRC 53%
5y OS 46%

Local adversity:

R1
Interval
Fragmentation
Radio-resistance

5y
15y



IOeRT electrons: 2017 results update
oligorecurrence (grade 3 toxicity)

Cancer N

Acute      Late

Local control
% @ 5y

Survival
% @ 5y

Adversity
Local 

Compensation
Local

Gynecologic1 61

43%         21%

69 42 No EBRT Para-aortic

Rectal1 60

42%         19%

44 39 No EBRT
R1

Fragmentation

Sarcoma 2 103

16%         13%

64 52 No EBRT
R1

Fragmentation / 
histology grade

Renal3 98

29%            -

72 43 Recurrence
N+

R1

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

322 patients



72 patients
IOERT 15-20 Gy
EBRT 30% (R+)
neoCT 60%



Results for skeptics…                                                               3 decades… a summary

IOERT & Surgical Margin

Is optimized radiotherapy… feasible and tolerable

Is precise radiotherapy… able to be adapted to R0 & R+

Is a precise component of RT for dose-escalation…

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

50Gy + 10/15Gy IORT LC >40% R+

Contributes to oligo-recurrent cancer control long-term

IOERT + EBRT + S: >40% LC; >35% OS

Adds a radiobiological safety margin to surgical resection…

Does not interferes with systemic therapy…



128 pts; recurrent; EBRT 60%; EqD2Gy model

BED-like IOERT containing biomodels for outcome



100 % toxicity in local persistance or relapse…



2016 IOERT recomendations

Cervix: marginal resection
Rectal: T4 & recurrent
Pancreas: close/positive margins
Sarcomas: extremity, trunk,H &N, retroperitoneal
Endometrial: recurrent
Anal canal: recurrent





IOERT & Surgical Margin: intensification context

Surgical margin… influences local control (…no question)

R1 status in primary locally advanced cancer

may be compensated by IOERT intensification… gastric, pancreas

R+ in primary/recurrent cancer compromishes local and systemic

outcomes… rectal, sarcoma, gynecologic

Re-irradiation or further dose-escalation (intra-boost) are 

developmental available alternatives … rectal model


