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|l s radi ot herapye

| s precise radiotherapye

|s a precise component of RT for dose -escal ationeée
Is an efficient alternative for RT dose -de-escal ati oné
Adds a radiobiological safety mal

Does not interferes with systemic therapy
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The past, The present, the future

ST | |

E Tissue tolerance knowledge

B Standardization procedures (Surgery + Radiotherapy)

E Patient transportation




The past, The present, the future
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E Miniaturized IORT dedicated technology

E Virtual TPSIORT, invivo dosi met r y ésurficalsspecifc elements)

F Dose-escalation vs Dose -de-escalation alternatives trials
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|s a precise component of RT for dose -escal ationeée
50Gy + 10/15Gy IORT LC >90% RO
50Gy + 10/15Gy IORT LC >50% R+

Is an efficient alternative for RT dose -de-escal ati oné
20-21Gy LC >95% RO

Adds a radiobiological safhet' y® ma,

Does not interferes with systemi:



The past, The present, the future

The Future

B Tailored / individualized oncology & IORT
E Nomogram guided IORT
E Molecular guided IORT

FAMaking friendso: | MRT /-Hypgéfrafionated RTPRT ( s u |

A META-ANALYSIS OF SIX EUROPEAN TRIALS TO DEVELOP
VALIDATED NOMOGRAMS FOR THE PREDICTION OF LOCAL

CONTROL, DISTANT METASTASES AND SURVIVAL FOR LOCALLY original article
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The past, The present, the future

B Tailored / individualized oncology & IORT
E Nomogram guided IORT
B Molecular guided IORT
BiMaking friendso: | MRT /-HygefrRationated RTPRT ( s u |
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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)
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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%.
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B Tailored / individualized oncology & IORT
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Intraoperative radiotherapy during breast conserving surgery:
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The past, The present, the future
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Dose Sculpting

2-D Planning







IORT options in times of technological higgnecision revolution

Clinical opportunitieseée




Academic contribution: multidisciplinary oncology

Local therapy
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Local tumor control promaotion

Dose&escalation (improvement)
Dose&decescalation (equivalence)
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Survival

ATopography of intensification

ADose -dense radiotherapy (shorter treatment time)

ANormal tissue tolerance balance



Disease Models for Dogescalation: Results and Opportunities

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

APancreatic cancer (cuasi -uncurable disease)
AEsophago gastric

ALocally advanced rectal cancer

ASoft tissue sarcomas

ABreast cancer

AMono -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).
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Figure 3. Overall survival of patients treated with chemother-
apy is shown stratified by Charlson age-comorbidity index
(CACI) (N =57).
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TORT of pascreatic cascer
Intra-operative radiotherapy (IORT) in pancreatic cancer: Joint analysis of the
ISIORT-Europe experience

Vincenuzn Valentini *, Felipe Catvo®. Michele Reni ©, Robert Krempien®, Felix Sedimayer”
Markus W, Buchler, Valerio Di Carlo*, Glovanni 8. Doglietta®, Gerd Fastner . Jost L Garcla-Sabrido .
GlanCarlo Mattiuca %, Alessio G. Morganti ®, Paolo Passoni’, Falk Roeder?, Giuseppe . 'Agostino **

2009

1985-2009, 778 patients, 23 Institutions

9-19 months MST (16 mo)

9%-55% local recurrence

1985-2006, 270 patients,

Gemelli, San Rafaelle, Marafién, Heildelberg, Paracelsus

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

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



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
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Disease Models for Dogescalation: Results and Opportunities

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

A
AEsophago gastric
A

A
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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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Radiotherapy and Oncology 102 (2012) 51-55
Contents lists available at SciVerse ScienceDirect "5 . IORT+EBRT
l'—I
Radiotherapy and Oncology é 08 cani
1
journal homepage: www.thegreenjournal.com 5 04—
Logrank test: p=0.04 [T
L.,
I0RT in gastric cancer 0.2 i
Adjuvant chemoradiotherapy with or without intraoperative radiotherapy for '
. . . . 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 ¢ "
JiﬂdE J Lu b Mumber of patisnts at risk
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.
Tahle 2
Patterns of local regional failure after adjuvant chemomdiothemapy.
Patterns aof failure Group
IDERT + EBRT (%) EBRT (%
Anastomosis 8 (57%) 9 (36%)
Posterior to pancreatic head 4 (29%) 2 (BX)
Hepatodundenal ligment 1(7%) 4 (16%)
Tumaor bed 1(7%) T (2BX)
Comman hepatic artery 0 {0%) 2 (BX)
Takle 3 Celiac axis 0i{0%) 1(4%)
i i om Tatal 14 (100 25 (100%)
Multivariate analysis for
Variahle Pvalue
(hverall survival Local regional control Metastatic free survival [isease free survival

IDERT ( Yes vs. No) 0.06 ( {Lﬂl) 0.10 (005 )
L

T(T1-2 val3 vs. T4) <001 003 0001
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Disease Models for Dogescalation: Results and Opportunities

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

A
ALocally advanced rectal cancer
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IORT Results: Locally advanced rectal cancer

Radictherapy and Oncology 92 (2009) 221225

Contents lists available & ScienceDirect

Radiotherapy and Oncology

= P

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 ™

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

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

2014 update

19941 2006

290 patients preop RT (70% CRT)

13% local recurrence, 5% presacral,

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

67% cancer-specific survival @ 5-years

19891 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)

ifSeed and soil o adjuvant chemotherapy on LC

Prognostic index model




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 o

Cancer Letters w

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

199371 2001/ 7 French institutions

Complications

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

no IORT 69 92% 74% 19%

iTechnical feasibility

Mini-review

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

20007 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




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,
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Fig. 1.  (A) Local recurrence-free survival in patients with
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IORT is a precise boost to be combined with high -precision RT
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IORT Results: Soft tissue sarcomas
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Limb-sparing management
with surgical resection,
external-beam and
intraoperative electron-beam
radiation therapy boost for
patients with primary soft tissue
sarcoma of the extremity

A multicentric pooled analysis
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Table 3  Factors associated with local control, disease-free survival, and overall survival in multivariate analyses
Local control Disease-free survival Overall survival
Parameter Variable HR 95% CI P HR 95% CI P HR 95% CI P
Presurgical variables
Tumor size (cm) <5 1.0 1.06-11.81 .04 = = = = = =
>5 3.03
Microscopic surgical specimen
Histology subtype NRSTS = = = 1.0 1.01-8.57 .05 = = =
RMS 2.88
Surgery
Margin status RO 1.0 1.06-8.22 04 1.0 1.17-8.72 02 1.0 1.08-10.66 .04
R1 2.32 247 2.71

Abbreviations as in Table 2.
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Clinical Investigation: Sarcoma
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