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Arguments for sce ptiCS... 3 decades... a summary... and dfter...

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



Historical Perspective
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The past, The present, the future 3 decades... a summary

T | |

E Tissue tolerance knowledge

E Standardization procedures (Surgery + Radiotherapy)

E Patient transportation




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

» i rverreser |

F Miniaturized IORT dedicated technology

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

F Dose-escalation vs Dose-de-escalation alternatives trials




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% RO
50Gy + 10/15Gy IORT LC >50% R+
Is an efficient alternative for RT dose-de-escalation...
20-21Gy LC >95% RO
Adds a radiobiological safety margin to surgical resection...

Does not interferes with systemic therapy...



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

The Future

E Tailored / individualized oncology & IORT
F Nomogram guided IORT
E Molecular guided IORT
E “Making friends”: IMRT/IGRT + IORT (super-hypofrationated RT)

A META-ANALYSIS OF SIX EUROPEAN TRIALS TO DEVELOP
VALIDATED NOMOGRAMS FOR THE PREDICTION OF LOCAL
CONTROL, DISTANT METASTASES AND SURVIVAL FOR LOCALLY
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The past, The present, the future 3 decades... a summary

B Tailored / individualized oncology & IORT
F Nomogram guided IORT
B Molecular guided IORT
B “Making friends”: IMRT/IGRT + IORT (super-hypofrationated RT)
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ORIGINAL ARTICLE

A Postoperative Nomogram for Local Recurrence Risk in
Extremity Soft Tissue Sarcomas After Limb-Sparing Surgery

Without Adjuvant Radiation

Oren Cahlon, MD* Murray FE Brennan, MD,t Xiaoyu Jia, MS,1 Li-Xuan Qin, PhD, Samuel Singer, MD,T and

Kaled M. Alektiar, MD*

(Ann Surg 2012:;255:343-347)

0 10 20 30 40 50 &0 TO 8D 90 100
Pﬂims- [ i 1 " 'l . 'l | | 1 " 'l i i . i
T A A A A ™
[ | I I
| =50 | |
Age " [ ! |
<=5 | | |
1 |
) >8em i
Size " n |
€=5em |
1 1
Close or Positive ||
Margin L 1
Megative |
r : I
[ High :
Grade T
i I
I
z Orthers
Histology f |
Abypical Lipoma or Wl Diff
Tmﬂl Pl:‘lnts T T T T T | e e s |
0 50 100 160 0o 250 %UD 350 400 450
1
Predicted LR rate at year 3 r T, SRR
0.1 02 02 04050607
Predicted LR rate at year 5 r T — 7T
0.1 02 03 04 05060708

FIGURE 4. Two hypothetical cases. Case #1 (solid arrows)
where total points were 167 based on age =50, size =5 cm,
negative margin, but high grade histology yielding a predicted
LR at 3 years =10%. Compared to case #2 (dashed arrows)
where total points were 278 yielding a predicted 3 year LR
that is 25%.




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

B Tailored / individualized oncology & IORT
B Nomogram guided IORT

&4

¥ Molecular guided IORT
B “"Making friends”: IMRT/IGRT + IORT (super-hypofrationated RT)
Molecular subtype
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The past, The present, the future 3 decades... a summary...and dafter...

Dose Sculpting

2-D Planning
3-D
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IORT options in times of technological high-precision revolution

Clinical opportunities...




Academic contribution: multidisciplinary oncology

Local therapy

Local tumor control promotion

Dose—escalation (improvement)

Dose—de—escalation (equivalence)

|
4

Survival

« Topography of intensification

* Dose-dense radiotherapy (shorter treatment time)

* Normal tissue tolerance balance



Disease Models for Dose—escalation: Results and Opportunities

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

« Pancreatic cancer (cuasi-uncurable disease)
- Esophago gastric

 Locally advanced rectal cancer

« Soft tissue sarcomas

- Breast cancer

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



IORT Results: Locally advanced unresectable pancreatic cancer

Int i A5 R 1981-2005, 23 Institutions, 862 patients
'm;gic;;;ieorﬁ ive A 8-16 months median survival time (12 months)
U 50-100% pain relieve effect (80%)
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FIGURE 1. Actuarial survival rates of 150 patients with unre-
sectable pancreatic cancer receiving intraoperative electron
beam radiation therapy.



IORT Results: Locally advanced unresectable pancreatic cancer
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Updated Long-Term Outcomes and Prognostic Factors
for Patients With Unresectable Locally Advanced Pancreatic
Cancer Treated With Intraoperative Radiotherapy at the
Massachusetts General Hospital, 1978 to 2010

Sophie Cai, BA"; Theodore S. Hong, MD?; Saveli |. Goldberg, PhD?: Carlos Fernandez-del Castillo, MD*;
Sarah P. Thayer, MD, PhD?® Cristina R. Ferrone, MD?; David P. Ryan, MD?; Lawrence 5. Blaszkowsky, MD*
Eunice L. Kwak. MD. PhD™® Christopher G, Willett, MD®; Keith D. Lillemoe, MD®; Andrew L. Warshaw, MD®; and
i Jennifer Y. Wo, MD®
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Figure 1. Overall survival is shown among patients with unre-

sectable locally advanced pancreatic cancer who were

treated with intraoperative radiotherapy (N =194).

100

075
g
£
: | Charlson +/- CT
2 \
- .
= cACI< 3
£ om0 i-\' %
g j
i 3
5 R
s 025 II'. P = 0.0002

Vi
-"-._ _____
S N RS
CACI>3 :
000 . . . . ' .
1] 2 4 g L) w
Years
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IORT Results: pancreatic cancer post-resected 3 decades... a summary

1985-2009, 778 patients, 23 Institutions

9-19 months MST (16 mo)

9%-55% local recurrence

oty i gy §1 () 844

PP ——t— . 1985-2006, 270 patients,
-

§ :, Radiotherapy and Oncology
Lhlhe
| homapRpe www 188 0reaniournal cam

Gemelli, San Rafaelle, Marafién, Heildelberg, Paracelsus

TORT of pascreatic cascer
Intra-operative radmrherap; (IORT) in pancreatic cancer: Joint analysis of the
Xpe

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

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



IORT Results: pancreatic cancer post-resected

Radiotherapy and Oncology xx (2007) xxx—x0t
www.thegreenjournal.com

Review

Intraoperative radiotherapy in pancreatic cancer:
A systematic review

Alberto Ruano-Ravina®™“*, Raquel Almazan Ortega®, Ferrran Guedea®

*Galician Agency for Health Technology Assessment, Galician Health Authority, Santiago de Compostela, Spain, "Department of Preventive
Medicine and Public Health, University of Santiago de Compostela, Spain, “CIBER de Epidemiologia y Salud Piblica, Spain, “Research Unit,
Ourense Hospital Complex, Ourense, Spain, “Department of Radiation Oncology, University of Barcelona, Spain

2008

1984-2002, 14 Journal articles, 789 patients

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

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

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

3 decades... a summary
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Disease Models for Dose—escalation: Results and Opportunities

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

Esophago gastric



Ann Surg Oncol (2013) 20:1962-1969 Annals of

DOI 10.1245/510434-012-2810-8 SURGICALONCOLOGY  Field1 Field2

OFFICIAL JOURNAL OF THE SOCIETY OF SURGICAL ONCOLQ

Postchemoradiation Resected Locally Advanced Esophageal
and Gastroesophageal Junction Carcinoma: Long-Term Outcome
With or Without Intraoperative Radiotherapy

Felipe A. Calvo, MD, PhD'?, Claudio V. Sole, MD'**, Rosingela Obregén, MD, PhD*>*, Marina Gémez-Espi, |
Miguel A. Lozano, MD®, Luis Gonzalez-Bayon, MD, PhD*, and Jose Luis Garcia-Sabrido, MD, PhD>*

FIG. 1 Intrasurgical target volume view (a), 3D (b and ¢) and 2D
(d and e) CT scan-based IOERT planning technology. Planning
treatment volume (PTV) encompasses the upper abdominal lymph
node area (a1 and b), including lymph node groups of the rght/left
cardia, left gastric artery, celiac artery, and abdominal para-aorta (Field
1), and tumor bed plus inferior mediastinum (a2 and ¢) (Field 2)
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journal homepage: www.thegreenjournal.com 5 04—
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. . . . e 00
the treatment of resectable locally advanced gastric adenocarcinoma S T A A A A
Qing Zhang?, Jeremy Tey®, Lihua Peng?, Zhe Yang®, Fei Xiong?, Ruiyao Jiang?, Taifu Liu?, Shen Fu®*, Local Cantrol Tima ¢ "
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ORT+EBRT 46 37 27 20 13 a9
* Department af Radiation Oncology, Steth Hospital of fino Tong University, Shanghai People's Republic of Ching; ® Department of Radiation Oncology, National University EBRT &1 37 6 a1 13 & o
Hospital Singapare: © Department of Surgery, Sixth Hospital of Jino Tong University, Shanghai. People’s Republic of China; “Department of Radintion Oncology, Fudan
University, Shanghai, People’s Republic of Ching Fig. 1. Local control rate after radiotherapy.
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Disease Models for Dose—escalation: Results and Opportunities

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

Locally advanced rectal cancer



IORT Results: Locally advanced rectal cancer 2014 update

Radictherapy and Oncology 92 (2009) 221225

Contents lists available & ScienceDirect
Radiotherapy and Oncology g
journal homepage: www.thegreenjournal.com
Radiotherapy of rectal cancer

Patterns of local recurrence in locally advanced rectal cancer after
intra-operative radiotherapy containing multimodality treatment

Miranda Kusters *®, Fabian A. Holman ", Hendrik Martijn®, Grard A. Nieuwenhuijzen”, Geert-Jan Creemers ®,
Alette W. Daniels-Gooszen ©, Hetty A. van den Berg®, Adriaan J. van den Brule, Comnelis J.H. van de Velde?,
Harm J.T. Rutten ™

2009

original article

Results of European pooled analysis of IORT-containing
multimodality treatment for locally advanced rectal
cancer: adjuvant chemotherapy prevents local
recurrence rather than distant metastases

M. Kusters', V. Valentini’, F. A Calvo®, R. Krempien®, G. A. Nieuwenhuiizen', H. Martiin®,

G. B. Doglietto®, E. del Vale’, F. Roeder’, M. W. Buchler®, C. J. H. van de Velde® &
H. J. T. Rutten™

2010

1994 - 2006

290 patients preop RT (70% CRT)

13% local recurrence, 5% presacral,

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

67% cancer-specific survival @ 5-years

1989 — 2005

605 patients Catharina, Marafion, Gemelli, Heidelberg

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

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

Radiotherapy and Oncology 98 (2011)298-303

Contents lists available at ScienceDirect

Radiotherapy and Oncology

journal homepage: www.thegreenjournal.com

Phase 11l randomised trial

Intra-operative radiotherapy of rectal cancer: Results of the French
multi-institutional randomized study

Jean-Bernard Dubois **, Enmanuel Bussieres ”, Pierre Richaud®, Philippe Rouanet?, Yves Becouarn®,
Simone Mathoulin-Pélissier®, Bernard Saint-Aubert?, Marc Ychou*

“CRLC Vol d Aurelle-Poul Lamaraqe, Montpellier, France; ® fnserm OC-EC 7 et Unié de Recherche et épidémiologe clinique, Insciut Bergonié. Bordeaux, France

Cancer Letters xxx (2011) 000-Xxx

Contents lists available at ScienceDirect PhFER

Cancer Letters w

Efficacy and safety of intraoperative radiotherapy in colorectal cancer:
A systematic review

journal homepage: www.elsevier.com/locate/canlet

Mini-review

P. Cantero-Mufioz*, M.A. Urién ", A. Ruano-Ravina <%

“Gallcian Agency for Health Technology Assessment. Galician Department of Health. Spain

" Radiation Oncology Service, Duran i Reynals Hospital, Catalan Institute of Oncology (1C0). Hospitalet de Liobregat, Barcelona. Spain
“Department of Preventive Medicine and Public Health, School of Medicine, University of Santiago de Compostela, Spain

“ CIBER de Epidemiologia y Salud Piblica. CIBERESP. Spain

2011

1993 — 2001 / 7 French institutions

LC oS Complications
IORT (1Gv) 73 91%  70% 29%
no IORT 69 92%  74% 19%

“Technical feasibility for future phase Ill trials”

2000 — 2009 publications, 15 articles (quality selection)
1755 patients

10% reduction in LR over the IORT area

Primary Recurrent
Acute * 0,7% - 22% 2% - 20%
Late 11%-30%  5,4%-74%
Efficacy (LR 5y) 6% - 12% 32% - 46%

* Except incontinence evaluation

3 decades... a summary




Clinical Investigation: Gastrointestinal Cancer

Intraoperative Radiation Therapy Reduces Local Recurrence
Rates in Patients With Microscopically Involved
Circumferential Resection Margins After Resection

of Locally Advanced Rectal Cancer

Wijnand J. Alberda, MD,* Cornelis Verhoef, MD, PhD,* Joost J. Nuyttens, MD PhD,’
Esther van Meerten, MD, PhD,* Joost Rothbarth, MD, PhD,*
Johannes H.W. de Wilt, MD, PhD,’ and Jacobus W.A. Burger, MD, PhD*

*Department of Surgery, Division of Surgical Oncology, 'Department of Radiotherapy, 'Department of Medical Oncology,
Erasmus MC Cancer Institute, Rotterdam; and *Department of Surgery, Division of Surgical Oncology, Radboud University
Nijmegen Medical Center, Nijmegen, the Netherlands

Received Nov 8, 2013, and in revised form Jan 7, 2014. Accepted for publication Jan 10, 2014.
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IORT Results: Soft tissue sarcomas 3 decades... a summary
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Figure 2. (a) Overall survival. (b} local reeumence-free survival. (¢ and d) Five-year ovemll survival according to disease progression pattern: (c) Local re-
cumrence (39.5% and (% for patients with local recurrence, p = 0.012) and (d) distant metastases (8% and £1.5% in patients without distant metastases,
p = 0003).
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ORIGINAL ARTICLE — CLINICAL ONCOLOGY A

Multidisciplinary therapy for patients with locally oligo-recurrent

. . . £
pelvic malignancies H
Claudio V. Sole - Felipe A. Calvo * ?
Pedro Alvarez de Sierra - Rafael Herranz - -]
Luis Gonzalez-Bayon - Jose Luis Garcia-Sabrido -§
J Cancer Res Clin Oncol
Table 4 Correlations between o100 IOERT — Surgical Applicator size I0ERT dose (Gy) IORT energy (MeV) C
macroscopie/microscopic specimens Median/range Median/range Median/range
pathology characteristics and & 8 8
IOERT technical parameters Total number
of fragments -2-
1 37 8/5-15 12.5/10-15 10/6-15 €
2 16 9/5-12 12.5/10-15 12/6-18 E
3 15 7512 12.5/10-15 12/6-18
4 5 8/6-15 12.5/10-12.5 12/6-12
5 3 7/5-10 12.5/12.5-15 15/10-18 -]
6 5 8/6-15 12.5/12.5-15 10/8-18 5
Tnax size (cm)
1-3 22 759 12.5/10-15 9/6-15
« LField PTV. 13 pati 3.5-6 35 8/5-12 12.5/10-15 12/6-15
-Fie , 13 patients:
2 field PTV. 13 pallienls 6.5-24¢ 26 10/7-15 12.5/10-15 12/6-18
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Intraoperative electron beam radiotherapy and extended surgical resection for
gynecological pelvic recurrent malignancies with and without external beam
radiation therapy: Long-term outcomes
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Fig. 1. Kaplan-Meier curves for all 35 patients for overall survival (A), disease-free survival (B), local-regional control (C), locoregional control according to EBRT to the recurrent
tumor (D), tumor fragmentation (E) and margin status (F).



External-beam radiation therapy
after surgical resection and
intraoperative electron-beam
radiation therapy for oligorecurrent
gynecological cancer

Long-term outcome
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Oligo-recurrent + / - locally advanced renal cancer

International Journal of
arion ogy
biology e physics
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Clinical Investigation: Genitourinary Cancer

Outcomes in a Multi-institutional Cohort of Patients
Treated With Intraoperative Radiation Therapy for
Advanced or Recurrent Renal Cell Carcinoma

Jonathan J. Paly, BS,* Christopher L. Hallemeier, MD," Peter J. Biggs, PhD *
Andrzej Niemierko, PhD,* Falk Roeder, MD,” Rafael Marhnez—Monge, MD,°
Jared Whitson, MD, MAS Felipe A. Calvo, MD,” Gerd Fastner, MD,"

Felix Sedlmayer, MD," W1ll‘|am W. Wong, MD,** Rodney J. Ellis, MD,’

Michael G. Haddock, MD," Richard Choo, MD," William U. Shipley, MD,*
Anthony L. Zietman, MD,* and Jason A. Efstathiou, MD, DPhil*
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Disease Model for Dose—de—escalation: Results and Opportunities

iORT alone is the only component of high-precision RT

* Breast cancer

« Rectal cancer

» Pancreatic cancer
« Gastric cancer

 Oligorecurrences



Intraoperative radiotherapy versus external radiotherapy for @ *®

Crazibdark
L
early breast cancer (ELIOT): a randomised controlled
L] L]
equivalence trial
UmbertoVeronesi, Roberto Orecchia, Patrick Maisonneuve, GiuseppeViale Nicole Rotmensz, Claudia Sangalli, Alberto Luini, Paolo Veronesi,
Viviana Galimberti, Stefano Zurrida, Maria Cristina Leonardi, Roberta Lazzari, Federica Cattani, Oreste Gentilinl, M attia Intra, Pietro Caldarella,
Bettina Ballardini
100 —
1:{:— —— External m—B
— Intracperative
Log-rank p=0-0001
HR 9.3 (95% C13-3-26.3) 20
80—
F 60+
60— =
= £ ]
0]
20
20—
Log-rank p=0-59
o HR 11 (95% Cl 0.7-1-9)
Number at risk ) : Elt : ’ . MNumber at risk ’ ’ ) Years ’ b
External 654 633 517 319 148 18 External 654 650 551 347 164 18
Intracperative 651 618 493 290 118 b Intraoperative 651 647 542 329 141 11

Figure 2: Cumulative incidence of (A) ipsilateral breast tumour recurrence and (B) overall survival
(intention-to-treat population)
HR=hazard ratio.

wiw.thelancet.comfoncalogy  Published online November 11, 2013



I0eRT 21 Gy - ELIOT

EBRT ELIOT P

RL-5Yy 4 (0.4%) | 21(2.5%) | 0.0003
New 1°ipsi 0| 14 (1.9%)| 0.0001
TOTAL 4 (0.4%) | 35 (4.4%) | <0.0001
LOCAL

Relapse 2 (0.3%) 9 (1%) 0.03
Axilar/gang

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

Crerall surviv al (%)

o

lm_“

Log-rank p=0-509
HR 11 {(95% O 07-1-9)

o

Interpretation Although the rate of IBTR in the intraoperative radiotherapy group was within the prespecified
equivalence margin, the rate was significantly greater than with external radiotherapy, and overall survival did not
differ between groups. Improved selection of patients could reduce the rate of IBTR with intraoperative radiotherapy

with electrons.

Veronesi U.: Lancet 2013




IORT alone Result: Breast cancer (De-escalation studies)

3 decades... a summary

Breast Cancer Res Treat (2010) 124:141-151
DOI 10.1007/5 10549-010-1115-5

CLINICAL TRIAL

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

Intraoperative radiotherapy during breast conserving surgery:
a study on 1,822 cases treated with electrons

21Gy alone, MFT 36 months

0lo Veronesi + Paolo Arnone *
iocea + Roberta Lazzari « Pietro Caldarella «
* Daniele Sances + Patrick Maisonncuyve

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

2010

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

ACCELERATED PARTIAL BREAST IRRADIATION CONSENSUS STATEMENT FROM
THE AMERICAN SOCIETY FOR RADIATION ONCOLOGY (ASTRO)
Int. 1. Radiation Oncology Biol. Phys., Vol. 74, No. 4, pp. 9871001, 20049
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Risk-adapted targeted intraoperative radiotherapy versus @+k ®

whole-breast radiotherapy for breast cancer:5-year results
for local control and overall survival from the TARGIT-A

randomised trial

Crosshdark

Jayant 5Vaidya, Frederik Wenz, Max Bulsara, Jeffrey 5 Tobias, David | Joseph, Mohammed Keshtqar, Henrik L Flyger, Samuele Massarut, m
Michael Alvarado, Christobel Saunders, Woelfgang Eiermann, Marinos Metaxas, Elena Sperk, Marc SOtterlin, Douglas Brown, Laura Esserman,

Mario Roncadin, AlastairThompson, john A Dewar, Helle M R Holtveg, Steffi Pigorsch, Mary Falzon, Eleanor Harris, April Matthews,
Chris Brew-Graves, Ingrid Potyka, Tammy Corica, Norman R Williams, Michael Baum, on behalf of the TARGIT trialists’ group

Events; 5-year cumulative risk (95%Cl)

TARGIT

EERT

Absclute difference*

All patignts

Local recurrence in=3375)

Any other recurrence (n=3375)
Death (n=3451)
Prepathology

Local recurrence (n=2234)
Any other recurrence (n=2234)
Death (n=229%)
Postpathologyt

Local recurrence (n=1141)

Any other recurrence (n=1141)
Death (n=1153)

separate procedure.

23;,33% (2151
46, 49% (3.5-6.9)
37;39% (27-5.8)

10;2.1%(11-4.2)
29;4-8%(31-73)
19;4.6% (1.8-6.-0)

13;5-4% (3.0-97)
17;5:2% (3-0-8-8)
8;2:8% (1.3-53)

11;1-3%(07-2.5)
37 4-4%(30-6-4)
51 5-3%(3-5-7-3)

6;1-1% (0-52.5)
25; 4-7% (307 -4)
42, 6:9%(43-9-6)

5 17%(0-6-4-9)
12;37% (1-9-7.0)
92:3% (10-52)

12(2.00%)
9(05%)
~14{-1.4%)

4(1.0%)
4(01%)
-131(-2-3%)

B(37%)
5115%)
-1(0:5%)

TARGIT=targeted intraoperative mdicthempy. EBRT=extermal beam radiotherapy. * In Kaplan-Meier point estimate at
Cyears (TARGIT minus EBRT ). fTARGIT given at same time as lumpectomy. $TARGIT given after lumpectamy, as

delivery of TARGIT

Table 1: Results of primary (local recurrence in the conserved breast), secondary (death), and exploratory
(any other recurrence) outcomes for all patients and the two strata as per timing of randomisation and

wwwthelancet.com Vol 382 Published online Movembsar 11, 2013

A Local recurrence
107 — TARGIT 23 events
— EBRT 11 events

Recurrence (%)
1

Log-rank p=0.042

i

r_d:,:;—-

T T T T 1

1 2 3 4 S

Number at risk

TARGIT 1679 1251 963 679 491 290
EBRT 1696 1244 956 674 479 296

B Regional recurrence
109 — TARGIT 8 events
— EBRT 6 events

Log-rank p=0.609

Recurrence (%)
7

Y T
T 7 T T 1
1 2 3 4 5
Number at risk
TARGIT 1679 1251 966 683 495 294
EBRT 1696 1243 957 676 481 297
C Death
10-) — TARGIT 37 events
— EBRT S1events

Log-rank p=0-099

Mortality (%)

0 1 2 3 4 5
Ye
Numberat risk =
TARGIT 1721 1285 997 706 514 309
EBRT 1730 1272 978 693 496 302



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

iORT alone is the only component of high-precision RT

- Rectal cancer



ORIGINAL ARTICLE

Intraoperative Radiotherapy in the Combination of Adjuvant
Chemotherapy for the Treatment of pT3NOMO Rectal
Cancer After Radical Surgery

Qing Zhang MD* Jeremy Tey, MD 1 Zhe Yang MD } Ping Li MD* Lihua Peng MD*
Ruivao Jiang BS* Fei Xiong BS* Shen Fu MD, PHD® and Jiade J. Ly, MD, MBAT

104 =
=L o EBRT GROUP

IORT GROUP
0.8 —

0.6 -
p=0791

Cum Survival

0.0 T T

I T
0,00 2000 40,00 60,00  80.00

Local Control Time

FIGURE 1. Local control rates between the IORT group and the
EBRT group. Cum indicates cumulative; EBRT, external beam
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radiotherapy; IORT, intraoperative radiotherapy.
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FIGURE 2. Overall survival between the IORT group and the
EBRT group. Cum indicates cumulative; EBRT, external beam
radiotherapy; |ORT, intracperative radiotherapy.

American Journal of Clinical Oncology « Volume 37, Mumber 1, February 2014



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

iORT alone is the only component of high-precision RT

* Pancreatic cancer



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

Int ). Radsston Oncology Biol Phys, Vol 30 No. 1 pp 115118 201
Copyrighe 2018 Ehsevier I
Ll nthe USA. AN nghs
LALTLR DR S, S Dowl ey
ELSEVIER ol 1010 djrobp, 20 10,01 06S

CLINICAL INVESTIGATION Pancreas .

INTRAOPERATIVE RADIOTHERAPY FOR UNRESECTABLE PANCREATIC CANCER:
A MULTEINSTITUTIONAL RETROSPECTIVE ANALYSIS OF 144 PATIENTS

Kazumko Ocawa, M.D..* Katsuyukr Karasawa, M.D.,' Yosumor: Iro, MD.,!

Y ossmmo Ocawa, M.D.," Kencur Jivau, M.D." Hmosi Oxisii, MLD.," Ssinicki Aoki, M.D.,
Hrrosst Wana, M.D_.¥ Masax1 Kokuso, M.D.,** Ersuvo Oco, M.D..!" Hmenmro Eron, M.D.,"!
Tosmoxko Kazumoro, M.D.." Makoto Takavama, M.D.," Kexn Nesoro, M.D.., ¥
Yasumasa Nisummura, M.D. " Anp 1HE JROSG WORKING SUBGROUP OF GASTROINTESTINAL CANCERS

From the *Deparsnent of Radiology, University of the Ryukyus, Okinawa, Japan; 'Depantment of Radiation Oncology, Tokyo
Metropoltan Komagome Hospital, Tokyo, Japan; “Department of Radiation Oncology, Nathonal Cancer Center, Tokyo, Japan

Depantment of Radiation Oncology, Toboku Univenity, Sendal, Japan; * Department of Radiology ., Yamanashi University, Y amanashi,
Japan ql)\-p.mnmi of Radiation Oncology, Yamagsta University, Yamagata, Japan: ** Departnent of Radation Oncology, Institute of
Biomedical Resaurch and Imovation Hospital, Kobe, Japan: ''Depariment of Radiology, Kunime Universaty, Kunime, Japan.
YDepanment of Radiation Oncology, Satama Cancer Cenler, Saitami, Japan; ' 'Department of Radiation Oncology, Kyorin University
Tokyo, Japan; " Deparenent of Radation Oncology, Kinks University School of Medicine, Osaka, Japan

2011
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iORT alone is the only component of high-precision RT

» Gastric cancer



Int J. Rabstion Onoodegy Biol. Phys, Vol 7, No 3, pp 715-721, 208
Copynight & 2008 Ekevier Inc.

Printed. m the USA. All nghis reserved

(R&-300 S5 S0 fronl maler

ELSEVIER doi: 10,1016/ ijr obp. 2007.07.2331

CLINICAL INVESTIGATION Stomach

LONG-TERM RESULTS AFTER INTRAOPERATIVE RADIATION
THERAPY FOR GASTRIC CANCER

OLiver Drogritz, MD., Pr.D..* KarL Henne, M.D.," Chrisan WesseNBERGER, MLD., Pu.D.."
Grecor Brucemoser, M.D ., Pu.D.." Hexe Goeer, MLD..} ULricn Tueopor Hoet, MLD., Pu.D.*
Herrmann Frovsorn, MDD, Pu.D.." anp Ginrtaer Rue, MLD., PuD_*

*Department of Surgery, Division of General and Visceral Surgery, "Department of Radiotherapy, and
FInstiute of Pathology, University of Freiburg, Freiburg, Germany

84 patients
23 Gy 9-15 MeV

= {— Single dose
: el ol - +| 58% OS (5y)
L S B No differences OS

No paterns of recurrence
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iORT alone is the only component of high-precision RT

 Oligorecurrences (STS)



Clin Transl Oncol

DOI 10.1007/512094-014-1157-y

RESEARCH ARTICLE

Intraoperative radiotherapy-containing multidisciplinary

management of trunk-wall soft-tissue sarcomas

C. V. Sole - F. A. Calvo » M. Cambeiro * A. Polo -

A. Montero + R. Hernanz - C. Gonzalez - M. Cuervo +

D. Perez * M. S. Julian * R. Martinez-Monge

Table 4 Factors associated with local control, IOERT in-field control, disease-free survival and overall survival in multivariate analyses

Parameter Variable  Local control IOERT in-field control Disease-free survival Overall survival
HR 95%Cl pvalue HR 95%CI pvalue HR 95%CI pvalue HR 95%CI p value
Patients
Age (years) =50 - - - - - - - - - 1.0 1.13-638 0.03
=50 2.68
Pre—surgical variables
Tumor status  Primary — — - - 1.0 1.05-627 0.04 1.0 1.21-533 0.01 1.0 1.08-326 0.04
Recurrent 2352 2.54 1.75
Microscopic surgical specimen
Histologic 1-11 - - - - - - 1.0 L15476 002 1.0 1.03476 0.04
grade -1V 238 2.12
Surgery
Margin status RO 10 1.90-830 <0001 1.0 1.36-7.67 0.008 1.0 115488 0.0! 1.0 1.43-588 0.003
Rl 397 3.23 248 2.90

Values in italic indicate p < (.05

IOERT intraoperative electron-beam radiotherapy

Local control

(@]

Disease-free survival

Local control

o
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Van der Schueren 2011...

3 years after...

A synthesis of data,progress
and opportunities




|OeRT In resected primary cancer. 2014 update HGUGM published results

Cancer Stage / treatment | In-field relapse Local Local
adversity compensation

Esophago- [IA-11IB 5,4% vs 25% 48% (5y) No-IORT cN+, cT
gastric Neoadjuvant +
CRT
Rectal 335 cT3-4 or cN+ 5% (presacral)  72% (10y) R1, ypN+ Grade, distal
Neoadjuvant + margin
CRT
Pancreas 60 [IA-11IB 4% vs 65% 20% (5y) No-IORT, R1 PN+,
R + 10eRT +/- R1 (+EBRT)
pre/post CRT
Gastric 32 HA-1I 0% 54% (5y) pN+ R1, pT3 stage
R + post CRT (non in-field)
Extremity 159 I-111 10cm 14% 72% (5y)
sarcoma R + post RT
Pediatric 62 R + post RT 15% 81% (10y) R1, >5cm Histology,grade
extremity deep
sarcomas
Breast* 56 T1-2Nx post-RT 0% (3y) 96% (3y) Luminal B With EBRT
T1-2NO no-ERT Marging +

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



|OeRT electrons: 2014 results update in oligorecurrence

Cancer

?ynecological 61

Rectal?! 60

Sarcoma?2 103

Renal3 98
1L HGUGM

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

Local control Adversity
Local

69 42 No EBRT

44 39 No EBRT
R1

64 52 No EBRT
R1

72 43 Recurrence
N+

Compensation
Local

Para-aortic

Fragmentation

Fragmentation
/ histology
grade

R1



IORT options in times of technological high-precision revolution

Clinical opportunities....risk
Bio-models + technology + outcome...
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From physical dose outcome analysis...
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To biomodeling dose-dense IOERT containing results:
pooled sarcoma data
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RT |IORT total
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Polo et al. ASTRO 2012
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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 / Sedimayer 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



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

Us ONCOLOGY BREVIEW ZO006 a report by
Frederik Wenz, MD

Personalized RT? Risik adapted RT?

Tla Gl 12 G3

10 years 30 years
Partial breast RT WBRT + Boost
|ORT + |ORT

IORT = intra-operative radiotherapy, WBRT = whole breast radiotherapy.
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Fig. 1 Evidence-based idealized representation of radiotherapy
treatment technical factors (volume and fractionation) in relation to
age and prognostic risk for early breast cancer WBI whole-breast
irradiation, PBI partial-breast irradiation, fr fractions
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Table 2 Practice-oriented technological options adapted to prog-
nostic risk

Technological Favourable Unfavourable

alternatives prognosis prognosis

IMRT +++ PBI ++ WBI

3D conformal +++ PBI +++ WBI
radiotherapy

HDR brachytherapy +++ PBI + Boost

Intraoperative +++ PBEI + Boost
radiotherapy

IMRT intensity-modulated radiation therapy, HDR high dose rate, PBI
partial-breast irradiation, WBI whole-breast irradiation
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Results for SCEptiCS... 3 decades... a summary

IORT...

Practice expanded by technology
TPS + IMRT/IGRT/SBRT

Is a precise component of RT for dose-escalation...
RO

Hypofractionation (EBRT)

R+, fragmentation, ypN+
Hypofractionation (EBRT) + further escalation

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

=

Understanding
heterogeneous
loco-regional risksg &8

Adapting
loco-regional treatment
alternatives

V4

Cost-efficient
RT strategies
Social/Medical/Personal

profit




In times of individualized medicine... IORT 2014 and after...

Peter P. Yu ASCO President 51th... Messages

“The State of Cancer in America: 2014"”

-4 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”
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