The Ohio State University Comprehensive Cancer Center — Arthur G.
James Cancer Hospital and Richard J. Solove Research Institute

2022 International Society of
Intraoperative Radiation Therapy
(ISIORT) Conference

The James Cancer Hospital and
Solove Research Institute

Thursday, Oct. 20
Friday, Oct. 21

The James

THE OHIO STATE UNIVERSITY
COMPREHENSIVE CANCER CENTER

cancer.osu.edu




Welcome

Dear Colleagues,

On behalf of the International Society of Intraoperative Radiation Therapy —
(ISIORT), we are pleased to welcome you to the 11th annual ISIORT Conference. /l S | 0 RT

Our conference features experts from several nations — Germany, Austria, INTERNATIONAL SOCIETY of
Italy, the United Kingdom, Spain, Belgium and the United States. Our speakers’ INTRACPERATIVE RADIATION THERAPY
presentations will help promote research, education and treatment of patients

with cancer by intraoperative radiation therapy (IORT), including orthovoltage,

electron beam or HDR brachytherapy. The conference is also designed

to foster liaisons among medical specialists and allied scientists who treat

patients via IORT.

Our sincere thank you to our speakers and Platinum Sponsors: IntraOp
Medical Corporation and The Ohio State University Comprehensive Cancer
Center — James Cancer Hospital and Solove Research Institute (OSUCCC —
James). Without your participation, this conference would not be possible.

We hope the scientific scope of this year’s conference will provide you
with an informative and rewarding experience that widens your collective
perspectives on current and future IORT applications in clinical practice.

Sincerely,

John Grecula, MD, FACR

ISIORT President

Professor, Department of Radiation Oncology
The Ohio State University

Dukagjin Blakaj, MD, PhD

ISIORT Conference Co-Director

Associate Professor, Department of Radiation Oncology
The Ohio State University

2 2022 INTERNATIONAL SOCIETY OF INTRAOPERATIVE RADIATION THERAPY (ISIORT) CONFERENCE



Table of
contents

04 Agenda

07 Speaker biographies
15 Speaker presentations

107 Platinum sponsors

The James §"_

i THE OHIO STATE UNIVERSITY ‘~\ @
CCOMPREHENSIVE CANCER CENTER @ n ra p




Agenda

Thursday, Oct. 20

7:30 a.m.

8:25a.m.

8:30 a.m.

9a.m.

9:20 a.m.

9:50 a.m.

Breakfast and Visit Exhibits

Welcome and Introduction

John C. Grecula, MD, FACR
President, ISIORT

Professor

Department of Radiation Oncology
The Ohio State University
Columbus, Ohio, United States

History and Future of IORT
Donald Goer, PhD

Scientist (retired)

IntraOp Medical Corporation
Sunnyvale, California, United States

Radiobiological Aspects of IORT/FLASH
Jessica Fleming, PhD

Radiobiologist and Senior Research Associate

Department of Radiation Oncology
The Ohio State University
Columbus, Ohio, United States

Clinical Perspective on the Present State
and New Developments in Electron-Based
IORT; FLASH

Falk Réder, MD

Professor

Department of Radiation Oncology
Paracelsus Medical University Clinics
Salzburg, Austria

Physicist’s Perspective on the Present
State and New Developments in Electron-
Based IORT

Markus Stana, PhD

Medical Physicist

Department of Radiation Oncology
Paracelsus Medical University Clinics
Salzburg, Austria

10:10 a.m.

10:30 a.m.

10:50 a.m.

11:10 a.m.

11:30 a.m.

Noon

1p.m.

1:20 p.m.

Coffee Break and Visit Exhibits

Physics in FLASH Radiotherapy
Ahmet Ayan, PhD

Medical Physicist

Department of Radiation Oncology
The Ohio State University
Columbus, Ohio, United States

CT Imaging in Electron Based IORT —
Current Status and Future Perspectives
Christoph Gaisberger, PhD

Medical Physicist

Radiation Oncology

Paracelsus Medical University Clinics
Salzburg, Austria

Quality Assurance in Intraoperative Radiotherapy
Antonella Ciabattoni, MD

Radiation Oncologist

UOC Radiotherapy

San Filippo Neri Hospital, Rome, Italy

Physics Abstracts
Lunch and Visit Exhibits (ISIORT Board Meeting)

The Evolution of Pancreatic Cancer Treatment
Cristina Ferrone, MD

Director, Liver Surgery Program

Department of Surgical Oncology
Massachusetts General Hospital

Boston, Massachusetts, United States

IORT in Pancreatic Carcinoma
Eric Miller, MD, PhD

Associate Professor

Department of Radiation Oncology
The Ohio State University
Columbus, Ohio, United States
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Agenda

Thursday, Oct. 20

1:40 p.m.

2 p.m.

2:20 p.m.

2:50 p.m.

3110 p.m.

3:30 p.m.

3:50 p.m.

6:30 p.m.

IORT in Rectal Carcinoma

Alex Mirnezami, MD

Professor

Department of Surgical Oncology
University of Southampton, England

Mayo Experience of IORT in Rectal Carcinoma
Michael Haddock, MD

Professor

Department of Radiation Oncology

Mayo Clinic

Rochester, Minnesota, United States

Gl Abstract Presentations
Coffee Break and Visit Exhibits

IORT in Head & Neck Cancers
Mauricio Gamez Haro, MD
Radiation Oncologist

Mayo Clinic

Rochester, Minnesota, United States

Combining Immunotherapy with Salvage Surgery
and IORT for Treatment of Persistent/Recurrent
Head and Neck Cancers

Dukagjin Blakaj, MD, PhD

Associate Professor

Department of Radiation Oncology

The Ohio State University

Columbus, Ohio, United States

Head and Neck Abstract Presentations

ISIORT Society Dinner
Ohio Stadium VIP Suite
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Agenda

Friday, Oct. 21

8:00 a.m.

9a.m.

9:20 a.m.

9:40 a.m.

10 a.m.

10:20 a.m.

10:40 a.m.

Breakfast and Visit Exhibits

HIOB Trial: Hypofractionated Whole Breast
Irradiation and Electron IORT Boost in Early-
stage Breast Cancer

Gerd Fastner, MD

Professor

Paracelsus Medical University Clinics
Salzburg, Austria

TARGIT A, C, and E Trials in Breast Cancer
(pre-recorded)

Elena Sperk, MD

Professor

Department of Radiation Oncology
University Medical Center

Mannheim, Germany

IOERT Versus External Beam Electrons for
Boost Radiotherapy in Stage I/ll Breast Cancer:
10-Year Results of a Phase Ill Randomized Study
Antonella Ciabattoni, MD

Radiation Oncologist

UOC Radiotherapy

San Filippo Neri Hospital, Rome, Italy

Multi-institution Phase Il Trial of Intraoperative
Electron Beam Radiotherapy Boost at the
Time of Breast Conserving Surgery with
Oncoplastic Reconstruction in Women with
Early-Stage Breast Cancer

Jose Bazan, MD

Associate Professor

Department of Radiation Oncology

The Ohio State University

Columbus, Ohio, United States

Surgical Considerations in Incorporating IORT
for Patients with Breast Cancer (pre-recorded)
Kelsey Larson, MD, FACS

Assistant Professor

Department of Surgical Oncology

University of Kansas

Kansas City, Kansas, United States

Coffee Break and Visit Exhibits

1Ma.m.

11:20 a.m.

11:40 a.m.

Noon

1p.m.

1:20 p.m.

2:05 p.m.

2:20 p.m.

Changes in Peripheral Immune Cells After
Intraoperative Radiation Therapy in Low-Risk
Breast Cancer

Ferran Guedea, MD

Chair

Department of Radiation Oncology

Institut Catala d’Oncologia

Barcelona University

Barcelona, Spain

Single Treatment Electron IORT for Breast Cancer;
The Jules Bordet Institute Experience

Catherine Philippson, MD

Department of Radiation Oncology

Institut Jules Bordet

Brussels, Belgium

ELIOT and POLO Trials in Breast Cancer
(pre-recorded)

Cristina Leonardi, MD

Division of Radiation Oncology
European Institute of Oncology

Milan, Italy

Lunch and Visit Exhibits

IORT in Sarcomas

Steve Braunstein, MD

Associate Professor

Department of Radiation Oncology
University of California San Francisco
San Francisco, California, United States

Breast Carcinoma and Sarcoma Abstracts

Summary of ISIORT 2022

John Grecula, MD, FACR
President, ISIORT

Professor

Department of Radiation Oncology
The Ohio State University
Columbus, Ohio, United States

Adjourn

6 2022 INTERNATIONAL SOCIETY OF INTRAOPERATIVE RADIATION THERAPY (ISIORT) CONFERENCE



Speaker biographies

Ahmet Ayan, PhD

Medical Physicist

Department of Radiation Oncology
The Ohio State University
Columbus, Ohio, United States

Ahmet S. Ayan, PhD, is a medical physicist and associate professor in the Department of Radiation Oncology

at The Ohio State University Comprehensive Cancer Center — Arthur G. James Cancer Hospital and Richard

J. Solove Research Institute. He received his Bachelor of Science and Master of Science degrees in physics

at Middle East Technical University, Ankara, Turkey, and doctorate degree in experimental high energy physics
at the University of lowa, United States, followed by postdoctoral research at the University of Pennsylvania
(UPenn) Department of Radiology on SPECT and PET imaging (2005-09). He completed his therapeutic medical
physics residency training program in the Department of Radiation Oncology at UPenn. His current research
interests are centered on normal tissue toxicity modeling in radiotherapy, use of image informatics for medical
linear accelerator imaging systems quality assurance and ultra-high-dose-rate radiotherapy focusing on improving
the efficiency, dosimetric, spatial and temporal accuracy and safety in radiotherapy treatment delivery. He has
been at The Ohio State University since 2011.

Jose Bazan, MD

Associate Professor

Department of Radiation Oncology
The Ohio State University
Columbus, Ohio, United States

Dr. Jose Bazan is a radiation oncologist with clinical expertise in treating non-small cell carcinomas of the lung
and a variety of breast carcinomas, such as ductal, intraductal and hereditary. He also treats ovarian cancer

and male breast cancer. He came to Ohio State in 2013 following the completion of medical school and his
residency at Stanford University School of Medicine. Dr. Bazan has been honored to present his research findings
at dozens of professional conferences since 2006, and he has been published in many medical journals such

as International Journal of Radiation Oncology, Practical Radiation Oncology, Journal of Nuclear Medicine and
Clinical Lung Cancer. He served as principal investigator for several clinical trials, including his most current
research at Ohio State (Multi-Institution Phase Il Trial of Intraoperative Electron Beam Radiotherapy Boost at the
Time of Breast Conserving Surgery with Oncoplastic Reconstruction in Women with Early-Stage Breast Cancer).

2022 INTERNATIONAL SOCIETY OF INTRAOPERATIVE RADIATION THERAPY (ISIORT) CONFERENCE
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Speaker biographies

Dukagjin Blakaj, MD, PhD

Associate Professor

Department of Radiation Oncology
The Ohio State University
Columbus, Ohio, United States

Dr. Dukagjin Blakai’s combination of experience and extensive training in translational research, direct
involvement in clinical trials and service at the national level make him highly suited to contribute to this
conference. Dr. Blakai serves as the director and associate clinical director of the Head and Neck/Skull Base
and Radiation Oncology departments, respectively, at The Ohio State University Wexner Medical Center and
the OSUCCC — James. He will become director of the Radiology Oncology Department within the next year.
From a clinical standpoint, Dr. Blakai leads a skilled head and neck team that treats over 450 head and neck
cancer patients per year, with 50-70 patients actively receiving treatment at any given time. In addition, Dr.
Blakai leads the intra-operative radiation therapy (IORT) program, for which he has an active Intent-to-Treat (IIT)
currently looking into primary and adaptive radiation resistance mechanisms in the presence of immunotherapy,
conventional and stereotactic radiation therapy dosing.

Under Dr. Blakai’s leadership during the past eight years, researchers at the OSUCCC — James have made
major advances in recruiting participants to head and neck/skull base clinical trials with the cancer clinical trial
matching service. Multiple trials in head and neck cancer, both local and cooperative, are currently being recruited
here. In addition to his administrative roles and active clinical oncology practice, Dr. Blakai is actively involved in
translational aspects of treatment resistance in head and neck squamous cell carcinoma (HNSCC). In particular,
he has been working on predictive clinical and molecular markers of immunotherapy response within the locally
recurrent metastatic head and neck cancer patient population. The team has identified four genes and clinical
information that help predict the rates of response for a patient population that needs advances, is working

on identifying molecular markers for rare skull base tumors and has provided initial evidence that a subset of
sinonasal undifferentiated tumors may be neuronal in nature. The team is currently writing both projects for RO1
applications.

Nationally, Dr. Blakai is a member of the NCl Head and Neck Previously Untreated Locally Advanced Task Force,
the NRG Oncology Head and Neck Core Committee and ECOG-ACRIN Head and Neck Committee.

Steve Braunstein, MD

Associate Professor

Department of Radiation Oncology
University of California San Francisco (UCSF)
San Francisco, California, United States

Steve Braunstein is associate professor and vice chair of Radiation Oncology at the University of California San
Francisco, specializing in the treatment of central nervous system treatment and soft tissue malignancies in the
adult and pediatric patient populations. He serves as co-director of the UCSF Radiosurgery program and program
director for the resident and fellowship training program. Dr. Braunstein’s clinical research portfolio includes
multiple projects examining the evolving outcomes of patients undergoing radiotherapy for high-grade glioma
with advanced imaging approaches and the use of stereotactic radiosurgery in brain metastases as administered
in combination with targeted and immunotherapies. In addition, he is a member of the NRG CNS Core Committee
and UCSF Brain Tumor Research Center and Children Oncology Group investigator with a focus on translational
research protocols. Dr. Braunstein is a frequent collaborator with the Orthopedic Oncology division as a champion
of intra-operative radiotherapy in management of patients with primary and recurrent soft tissue sarcoma.
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Speaker biographies

Antonella Ciabattoni, MD
Radiation Oncologist

UOC Radiotherapy

San Filippo Neri Hospital, Rome, Italy

Gerd Fastner, MD

Professor
Paracelsus Medical University Clinics
Salzburg, Austria

Cristina Ferrone, MD
Director, Liver Surgery Program
Department of Surgical Oncology
Massachusetts General Hospital
Boston, Massachusetts, United States

Jessica Fleming, PhD

Radiobiologist and Senior Research Associate

Department of Of Radiation Oncology
The Ohio State University
Columbus, Ohio, United States

Jessica Fleming, PhD, is a radiobiologist in the Department of Radiation Oncology at the OSUCCC — James.
She earned a bachelor’s degree in biology from Ashland University (2006) and a doctorate in molecular, cellular
and developmental biology (2012) from The Ohio State University. Dr. Fleming currently serves on the Head
Start 4/NEXT Consortium Trial Scientific Committee and the Advances in Radiation Oncology editorial board. Dr.
Fleming has received the Best of ASTRO Award for Basic/Translational Science and the Columbus CEO Future
50 Award and was selected for the Leadership Columbus signature program. She is highly involved with the
translational research program for the NRG Oncology cooperative group and serves as co-investigator on four
CTEP protocols. Her research focuses on identifying prognostic and predictive biomarkers in adult and pediatric
brain tumor patients and studying mechanisms of treatment response, resistance and toxicity using in vitro and
in vivo models. Additionally, for the past two years, she has been leading the radiobiology pre-clinical studies

in the OSU FLASH program.

2022 INTERNATIONAL SOCIETY OF INTRAOPERATIVE RADIATION THERAPY (ISIORT) CONFERENCE
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Speaker biographies

Christoph Gaisberger, PhD
Medical Physicist

Paracelsus Medical University Clinics
Salzburg, Austria

Dr. DI Christoph Gaisberger, PhD, is a medical physics expert, the head of Medical Physics at the Institute for
Radiotherapy and Radio-Onkology in Salzburg, Austria, and a member of the board from the Austrian Federation
of Medical Physicists. In 2005, he started his career in radiation therapy in Salzburg, where he completed master’s
and doctorate degrees. Gaisberger’s PhD thesis addressed surface scanning and gating applications. From the
idea of software and hardware development to the clinical application, he published an article about an in hose-
developed surface scanning system for accurate positioning breast cancer patients (2013). In Salzburg, over 4,800
patients have been treated with IOeRT since 1997.

Gaisberger heads the project for the reorganization and renovation of the I0eRT in the new operating theatre.

In 2022, the organization expanded its global leadership in technology development in IORT imaging with

a mobile CBCT system combined with an 3D IORT treatment planning system. Since 2019, he has been the head
of medical physics on the Institute for Radiotherapy and Radio-Oncology in Salzburg.

Mauricio Gamez Haro, MD
Radiation Oncologist

Mayo Clinic

Rochester, Minnesota, United States

Donald Goer, PhD

Scientist (retired)

IntraOp Medical Inc.

Sunnyvale, California, United States

Donald A. Goer, PhD, received his doctorate in physics in 1973 from The Ohio State University. He is a recognized
expert on linear accelerator technology and the author of many articles on the subject, including the chapter

on radiation therapy linear accelerators in the Encyclopedia of Medical Devices and Instrumentation. After post-
doctoral study in metallurgical engineering, Dr. Goer joined Varian Associates. Dr. Goer has more than 40 years

of experience in the sales, marketing and product development of linear accelerators. From 1977-85, Dr. Goer was
responsible for the product development of Varian’s cancer therapy equipment. Five new cancer treatment units
were successfully introduced to the market during this period, resulting in the sale of more than 700 treatment
systems. Between 1985 and 1990, Dr. Goer was responsible for market development and strategic planning at
Varian. Dr. Goer’s final position at Varian was manager of sales operations with principal responsibilities in the
international market. In 1991, Dr. Goer joined Schonberg Radiation Corporation as president, for which he helped
apply X-band accelerator technology to medical applications. In 1991, Dr. Goer assisted in founding Accuray

Inc., a medical company providing dedicated accelerators for radiosurgery, and in 1993, he co-founded Intraop
Medical Corporation — the developer and manufacturer of the Mobetron, the world’s only mobile and self-shielded
linear accelerator designed for intraoperative radiotherapy treatment (IORT). Dr. Goer served as president from
1993-2007 and later as the company’s chief scientist. He served on several IORT Quality Assurance committees,
helped develop IORT protocols and was a corporate liaison to both the International Society of IORT and the
American Society of Therapeutic Radiation Oncology. He has authored a chapter on the use of IORT for breast
cancer in Breast Disease: Comprehensive Management and a textbook on breast cancer and has authored or
co-authored several peer-reviewed articles on IORT.
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Speaker biographies

John Grecula, MD, FACR
President, ISIORT

Professor

Department of Radiation Oncology
The Ohio State University
Columbus, Ohio, United States

John C. Grecula, MD, FACR, is a tenured professor of radiation oncology at The Ohio State University and current
president of ISIORT. His subspecialties include head and neck carcinomas and brain malignancies. Dr. Grecula

is the director of Gamma Knife radiosurgery. His research interests include radiation modifiers and advanced MR
imaging, which have been funded by the National Comprehensive Network and the National Cancer Institute.

He is co-chair of the publications committee at the Alliance for Clinical Trials in Oncology and was appointed by
Gov. Mike DeWine to the Ohio Radiation Advisory Council for the state of Ohio.

Ferran Guedea, MD

Chair

Department of Radiation Oncology
Institut Catala d’Oncologia
Barcelona University

Barcelona, Spain

Dr. Ferran Guedea has master’s and doctorate degrees in medicine and surgery from the Universidad Auténoma
de Barcelona (UAB, 1983 and 1988). He is currently director of radiotherapy oncology at the Institut Catala
d’Oncologia (ICO) and professor at the Universidad de Barcelona (UB). Dr. Guedea is president of the technical
committee at the Asociacién contra el Céncer (ACC) in Barcelona and corresponding academician of the Real
Academia de Medicina de Catalufia (RAMC).

Dr. Guedea has participated in 320 scientific meetings, symposia and congresses. He has 138 publications

and has participated in 18 research projects. He is also head of the radiobiology and cancer group at the Instituto
de Investigacion Biomédica de Bellvitge (IDIBELL), recognized by the Agencia de Ayudas Universitarias y de
Investigacion (AGAUR) as a consolidated research group.

His main lines of research are quality of life in patients with prostate cancer, new technologies in brachytherapy
and external radiotherapy, intraoperative radiotherapy and predictive radiosensitivity tests.
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Speaker biographies

Michael Haddock, MD

Professor

Department of Radiation Oncology
Mayo Clinic

Rochester, Minnesota, United States

Michael G. Haddock, MD, is a professor of radiation oncology at the Mayo Clinic in Rochester, Minnesota. He leads
the gastrointestinal radiation oncology practice and actively treats gastrointestinal and gynecologic malignancies,
soft tissue and bone sarcoma. He is an experienced brachytherapist and has extensive IORT experience treating
primary and recurrent colorectal cancers, gynecologic cancers and soft tissue sarcomas. Dr. Haddock earned

his bachelor’s degree in mathematics from Brigham Young University (1985), his Doctor of Medicine from the
University of Washington (1989) and completed residency training at the Mayo Clinic in 1994. He has served as
past president of ISIORT and a member of the ISIORT Board of Governors. Dr. Haddock has been involved in
numerous cooperative group research trials through North Central Cancer Treatment Group, Radiation Therapy
Oncology Group, Alliance for Clinical Trials in Oncology and NRG Oncology and currently serves as co-PI at the
Mayo Clinic. He has published over 180 research articles during 28 years as a Mayo Clinic faculty member.

Kelsey Larson, MD, FACS

Assistant Professor

Department of Surgical Oncology
University of Kansas

Kansas City, Kansas, United States

Dr. Larson is a breast surgical oncologist from the University of Kansas in Kansas City. Her practice is dedicated
to breast surgery patients, particularly those with breast cancer or those who are at high risk for breast cancer.
She has extensive fellowship-level training in advanced surgical techniques, including oncoplastic surgery and
nipple-sparing mastectomy. In addition, she has an interest in clinical research and clinical education. Dr. Larson
is certified by the American Board of Surgery and has earned both FACS and FSSO designations. She is the
immediate past president of the Kansas Chapter of the American College of Surgeons, chair of the surgery
research committee for the Department of Surgery, National Accreditation Program for Breast Centers Committee
chair for KU Cancer Center and program director for the Society of Surgical Oncology-approved Breast Surgical
Oncology Fellowship. She is also the surgeon leader for lintra-operative radiation therapy for breast cancer at the
University of Kansas Cancer Center.

Cristina Leonardi, MD
Division of Radiation Oncology
European Institute of Oncology
Milan, Italy

Dr. Maria Cristina Leonardi was born in Camerino (MC), Italy, in 1965 and graduated in Medicine at the University
of Milan in 1992 and completed her specialization in radiation oncology in 1996 at the University of Milan. Today,
she is a clinician working as a radiation oncologist at the European Institute of Oncology (IEO), IEO IRCCS (Milan,
Italy) since 1997. Dr. Leonardi has participated in training programs, such as training programs and a master course
on breast cancer (2001-02) at the University of Milan, a training course on methodology in clinical research (2007),
a fellowship at Royal Marsden Hospital in Sutton, London, UK, from 2009-10 and refresher courses on good
clinical practice (2010 and 2014).
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Speaker biographies

Eric Miller, MD, PhD
Associate Professor

Department of Radiation Oncology
The Ohio State University
Columbus, Ohio, United States

Dr. Eric Miller is an associate professor in the Department of Radiation Oncology at the OSUCCC — James,
specializing in the treatment of gastrointestinal malignancies. He completed his PhD in biomedical engineering
at Carnegie Mellon University prior to pursuing his MD at Indiana University in 2012. Dr. Miller finished residency
in the Department of Radiation Oncology at The Ohio State University in 2017 and started as a faculty member in
August 2017. His research efforts are focused on developing clinical trials which incorporate novel radiosensitizers
for the treatment of gastrointestinal malignancies, utilizing functional imaging technologies such as MRI and PET
to develop novel biomarkers to predict patient treatment response and developing strategies for mitigation of
radiation toxicity with a focus on cardiotoxicity. Nationally, he serves on the National Cancer Institute Rectal Anal
Task Force, the NRG Oncology Colorectal and Non-Colorectal Core Committees and the Alliance Gastrointestinal
Committee, and he aids in developing national guidelines as part of the NCCN Colon/Rectal/Anal/Small Bowel
Cancers Guidelines Panel.

Alex Mirnezami, MD
Professor

Department of Surgical Oncology
University of Southhampton, England

Catherine Philippson, MD
Department of Radiation Oncology
Institut Jules Bordet

Brussels, Belgium

Falk Roder, MD

Professor

Department of Radiation Oncology
Paracelsus Medical University Clinics
Salzburg, Austria

2022 INTERNATIONAL SOCIETY OF INTRAOPERATIVE RADIATION THERAPY (ISIORT) CONFERENCE 13



Speaker biographies

Elana Sperk, MD

Professor

Department of Radiation Oncology
University Medical Center
Mannhein, Germany

Dr. Elena Sperk is an assistant professor of radiation oncology at the Medical Faculty of the University of Heidelberg
in Germany and currently works as CEO of the Mannheim Cancer Center Clinical Trials Unit at the University Medical
Center Mannheim. She has been conducting research in the field of IORT since 2007 in the group of Prof. Frederik
Wenz and has been a major contributor to the TARGIT trials of IORT in breast cancer in Germany. Dr. Sperk is also
principal investigator of the TARGIT C, E, BQR studies and also in the international European Union-funded research
project REQUITE. Her main focus is translational research regarding radiation toxicity.

Markus Stana, PhD
Medical Physicist

Radiation Oncology

Parcelsus Medical University Clinics
Salzburg, Austria

Mag.Dr. Markus Stana, MSc, is medical physics expert in the Department of Radiation Oncology, SALK, Salzburg,
Austria. After receiving his PhD in solid-state physics and a short post-doc fellowship, Dr. Stana left the world

of fundamental research to find a new home in the applied field of medical physics. Now at the university hospital
in Salzburg, he can merge both, his previous and recent experience in medical research. His main scientific

is lung cancer and intraoperative radiation therapy. In the latter field, he is responsible for QA of the Mobetron
and the optimization of workflow and components encompassing it.
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Speaker presentations

History and Future of IORT

Donald Goer, PhD
Scientist (retired)
IntraOp Medical Corporation

THE HISTORY AND FUTURE OF IORT

DISCLOSURES

« IP Consultant to IntraOp Medical
* Founder and former CEO of IntraOp Medical
* Founder of Accuray

HISTORY

* IORT Treatment
* Methods and Equipment

* Professional and Society Developments

* Non-IORT Treatment Advancements

* Surgery
* TME, Laparoscopic, Robotic

* EBRT
* MLC, IMRT, IGRT, VMAT

* Medical Oncology
* New CT agents
* Timing of CT delivery (neo, concurrent, adjuvant)

Earliest treatment with
IORT

-1905 Intraoperative “Roentgen Therapy”
used in a patient with cervical cancer
undergoing TAH, node dissection and partial
cystectomy

-1915 Unresectable gastric cancer irradiated
intraoperatively after exposure with
gastrojejunostomy

Orthovoltage IORT was used at some
institutions in the 1930’s through the 1950’s
to treat abdominal, thoracic, and head and

neck tumors.

The Emergence of Electron Beams for IORT

« Abe at U. of Kyoto implemented electron IORT
through patient transportation in 1964
+ Surgery was conducted in the OT

* After tumor removal, patient was transported on a
gurney to the Radiotherapy department

« Electron IORT was delivered in the radiation bunker
« After radiation, patient was transported back to the
OT to complete the surgery
* |ORT Strategy was to deliver all of the
radiation in a single dose of 25-40 Gy

Toshiba 32 MeV Betatron at Kyoto

2022 INTERNATIONAL SOCIETY OF INTRAOPERATIVE RADIATION THERAPY (ISIORT) CONFERENCE 15



Speaker presentations

History and Future of IORT

* This is the start of the
transport process

* —the patient is moved to a
mobile stretcher

* Into the corridor in the OT
area

Change floors using elevators

* ... and down another corridor
to the radiation therapy bunker

Treatment with conventional unit after patient transportation

MGH IORT STRATEGY: IORT as a Boost
and integration into aggressive combined
modality programs of EBRT, chemo and
surgery (Herman Suit 1978)

Varian Clinac 35 at MGH

Era of IORT by Patient Transportation
(1970’s through early 1980’s)

More than 150 centers in Japan, Europe, and the United States did IORT by
patient transportation. Some used Abe’s single dose approach; some used a
boost approach
BUT IORT by Patient Transportation has Problems
» Inefficient use of OT and Linac in RT department
»>Transportation Added 1-2 hours to the surgical procedure
> Prolonged anesthesia
> Risk of infection during transport
» RT room needed to be shut down for the day or afternoon to prepare for the IORT
» Personnel Intensive

»>These issues generally limited IORT use to one patient per week, or less.
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Speaker presentations

History and Future of IORT

Era of the Dedicated IORT Linac
(early 1980s to mid-1990s)

* This led to the development of dedicated linacs for the
oT.

Essen, Munich, Freiburg, MDACC, OSU,

MGH)
* Modified Varian Clinac (ayo Clinic)
* Modified Philips (Eindhoven, Salzburg)

* A conventional or modified linac unit in the OT eliminated the
bl iated with patient However
substantial shielding (50+ tons) and structural support must be
added to the OT, which made it costly and/or impractical for
most hospitals.

= While effective forincreasing the volume of IORT, other less
costly approaches were also considered.

Dedicated IORT units on the ground floor within the OT
department and OT built in the RT department

Intrioperstive Radiation Therpy

* Modest incremental cost when
implemented for new
construction (Lyon, Essen)

* Some built an OT adjacent to or
in the RT department to shorten
path of patient transportation
(TJU, Salzburg)

Fig. 1: Groundolan of 1he eparaling wrma dedicalod 1o ORT

Other IORT Approaches

Howard University (1975) equipped an RT room as an OT. Performed the entire
surgery in the RT room.

Eindhoven (before getting a dedicated linac in their OT) equipped part of one of
the RT rooms as an OT and scheduled 2 days per week for IORT.

* Mayo Clinic (1981) (before getting a dedicated linac in their OT) did the surgery in
the OT but re-opened for IORT in a room equipped for that in the RT department

National Cancer Institute (1979) determined maximum IORT dose based on tissue
toxicity for IORT combined with EBRT in the dog model. The NCl also conducted
the first randomized IORT trial in RPS and gastric cancer. 10RT had significantly
improved LC but no survival advantage.

MCOH (1983) surgery suite outside the RT room.

Orthovoltage IORT in the OT department

Shielding costs much more practical that with
electron IORT.

* X-ray unit usually suspended from the ceiling
and on tracks that could positioned the unit
over patient

Did not become popular
* Poor dose distribution
* Higher bone absorption

X-ray units installed at Stanford,
New England Deaconess Hospital

HDR-IORT also developed in the 1990's

HDR-IORT for recurrent RPS

HDR-IORT

* Requires a shielded room, though far less shielding than electron IORT
* Some have created a small shielded room in the OT just to deliver the HDR

* Flexible applicator adapts to conform to curved surfaces (e.g., pelvic brim)

« Initially, treatment planning required substantial time, but now many centers have
generated a “Library of plans” and select the one closest to the anatomic situation.

« Treatment delivery does take a long time, especially for large tumors.

Centers using HDR-IORT
Rotterdam MsKcC MDACC Duke
Beth Israel (NYC)
0SU (also has electron IORT)

Mayo (also has electron IORT)  John Hopkins
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THE ERA OF MOBILE ELECTRON IORT
(Late 1997 to the Present)

Mobetron S.L.T Linacs

Different mobile electron IORT approaches

Mobetron Novacg, Liac, S.I.T

* Unit is Self-shielded =spunit is heavy * Lighter unit but with mobile shields

+ Soft Docking ....Now auto-docking that need to bg positioned about and
under the surgical before treatment.

* QA applicator and phantom

* Hard-docking

* Applicatorsin 5 mm increments
PP * Variable field-shaper

« Large field applicators

There are now more than 200 mobile electron IORT
systems in more than 30 countries throughout the
world

Mobile IORT
Improvements

+ Data management systems
that connect to hospital data
base

* IORT Treatment planning

* OT based CT systems
compatible with IORT unit

* Improvements in moving the
systems within the OT

Mobetron Electron IORT Treatments by Indication -4

Interest in Breast IORT created opportunity
for new IORT equipment—50 kV devices

* |IORT volume shifted between 2000 and 2020 from locally advanced
and recurrent disease for which there were little alternative
approaches, to early-stage breast cancer.

* Breast IORT focused on either breast boost, to improve the accuracy
of the boost while eliminating a week of EBRT boost treatment, or...

* |ORT APBI, in which for suitable low risk women, a single IORT
treatment replaces all of the EBRT treatments.

* This focus on breast cancer, led to the emergence of new IORT
devices to meet this demand.

INTRABEAM®

« Originally designed to treat brain
cancer with 50 kV x-rays using a
miniature x-ray tube inserted
directly into the brain.

* Developed applicators to treat
breast and skin. Applicators range
from 1-5 cm spheres.

* Most Intrabeam® patients have
been treated for breast cancer, but
have also treated brain, rectal,
spinal mets, and pelvic disease.

* A randomized trial and several

single center and a large registry
trial has been published.

18
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XOFT-AXXENT SYSTEM

* Originally designed to provide an electronic
brachytherapy approach for Mammosite.

+ The thin and flexible x-ray tube is used in
conjunction with a double lumen catheter

Xoft has also been used in conjunction with
oncoplastic reconstruction in APBI. A large
study'®) of 1400 tumors had a 5-year LR of
5.25% but a 5-year BCSS of 99.9% and OS of
96.3% as patients could be salvaged if they
recurred.

tal i 1400 i ive Radiati (2022);

Papillon
» * Designed to treat Anal Cancer with 50
= kV administered by endocavitary
*r radiation with the goal of organ
Q. preservation.
X * A randomized trial has shown that
-*H, endocavitary boost with 50 kV x-rays
e combined with neo adjuvant chemo

radiotherapy for cT2-T3 < 5cm :
= Significantly increases the rate of Clinical complete
response (64% vs 92%).
= Significantly increases the 3-year rate of organ
preservation especially for T < 3cm (63% vs 97%).
« Also have applicators for breast and skin
cancer.

) Gerard, -?, etal., C
Three-y hase3 i Tri

Improvements in Non-IORT Treatment

SURGERY Radiotherapy advancements
* TME—impacted IORT for rectal cancer * MLC
« Laparoscopic Surgery—to avoid open surgery: IORT is « IMRT

possible . GRT

Robotic Surgery: Not yet routinely possible, but
technically feasible © VMAT

* Monte Carlo based TPS

Oncoplastic Breast Surgery
« Improved positioning systems

Hypofractionation—converted 7- week breast treatment
to 1 week

Medical Oncology Improvements
5FU
Capcitabine
Gemcitabine Radiation sensitizing chemo to make EBRT more effective
FOLFOX
FOLFIRINOX
HT
Immunotherapy

EG Junction ACA - Laparoscopic Resection + IOERT

Professional and Society Developments

988 in Toledo Ohio, IORT Meetings were held on an
Ad Hoc basis approxil every2y Kyoto, Munich, Lyon. At
the 1996 San Francisco Meeting, it was decided to create a
professional IORT society called the ISIORT.

* Membership open to surgeons and radoncs
* Plan was to alternate meetings between the US and Europe every two years
* 1°ISIORT Meeting in Pamplona Spain in 1998

* 2000 Boston 2002 Aachen 2005 Miami

* 2008 Madrid 2010 Scottsdale 2012 Baveno/Milan
* 2014 Cologne 2016 Novara 2018 Mannheim

* 2020 Salzburg 2022 Columbus

* Web Site (www.ISIORT.org)
* Early attempts at International IORT trials were unsuccessful.
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ISIORT Proposed Protocols

Never Implemented

ISIORT-EUROPE _ -

In 2005, the European ISIORT centers formed e

ISIORT-Europe. They would have a one-day

meeting in conjunction with the GEC-ESTRO in o

years that the ISIORT dis not meet. Have met in .

Montpellier, Porto, London, Geneva, and Coseleiecwon soarces) Dose (-rays source)

Barcelona. o .
* Initiated a European Registry
+ Conducted Pooled analyses

* Pancreas-270 patients from 5 centers in

2009
Colorectal-605 patients from 4 centers in
2010

Extremity Sarcoma-259 patients from 3
centers in 2015

St segie oo fer wacros nsn|

2013 Registry Results: 31 European centers; 7196 IORT cases;
95.4% are electron treatments. 4.6% are kilovoltage

ISIORT-EUROPE

2014 Update: 8,164 IORT treatments from 34 countries (31 in Europe Plus Israel, Cuba, and Chile.
A number of key European centers are not yet participating

Accelerating Research and Collaboration
Prospective Trials

* HIOB Trial: IORT Boost + 3 weeks WBI
* Over 1,000 Patients and 14 institutions
* Have demonstrated that IORT boost is superior in all age groups above 40 years old. Still waiting
results for 35-40

* Ohio State University: IORT Boost with Oncoplastic Reconstruction
* U.S Multi-Institutional Study opened April 2017

* Pacer Trial: IORT boost after neoadjuvant FOLFIRINOX and CRT for unresectable
pancreatic cancer
* U.S Multi-Institutional Study opened 2020

* Pancfort trial (Verona IT): Electron IORT bined with total therapy in borderline

pancreatic cancer

Accelerating Research and Collaboration
Prospective Trials (Continued)

* IOPANCA-IGET (Image Guided Electron Therapy) for resectable PDAC (Freiburg)

» Cosmopolitan Trial — breast quality of life comparing IORT with EBRT
(Heidelberg)

* ELECTRA Trial: IOERT for locally advanced and locally recurrent rectal cancer
(Southampton)

* HNSALV-Combining immunotherapy with salvage surgery and IORT for persistent and recurrent
H&N Cancer (Ohio State).
* FLASH
* Impulse — multi-resi: | with dose lation (L )
+ Lance--NMSC randomized phase Il trial for BCC and SCC (Lausanne)

Accelerating Research and Collaboration
U.S Registries
« U.S Breast IORT Registry: IRB Approved. No longer enrolling patients, but continuing
follow-up.

« EU Breast IORT Registry: IRB Approved, enrolling patients

* Locally Advanced Registries: Pending
* RPS, Extermity Sarcoma, GYN
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Future of IORT—some Passibilities

FUTURE of IORT: IORT combined with FLASH

If the FLASH effect works, the natural extension would be to combine FLASH with IORT.
Why?

> IORT dose is sometimes limited due to unaccepted toxicity
> Despite resection with negative margins, some IORT sites still have higher recurrence rates than would be desired.

> With FLASH, one can increase the IORT field size to capture any microscopic disease outside the original planned field
since FLASH has little or no impact on any normal tissue that might receive FLASH radiation.

Some Possible FLASH/IORT sites
» Head and neck after salvage surgery
» Recurrent Rectal or GYN
» RPS
» Pancreas

FUTURE of IORT: 10RT Boost for Breast due to
increasing use of Oncoplastic procedures

Background
> Breast surgeons are increasingly using oncoplastic reconstruction in surgery for
early-stage breast cancer.

»Itis not possible to target the boost site with EBRT after oncoplastic
reconstruction.

»>HIOB has shown that electron IORT boost provides the best LC in all aged groups
above the age of 40 years.

»Boost is needed to reduce recurrences in women < 60 years.
Prediction

IOERT Boost will be used at major breast centers as oncoplastic
reconstruction becomes the standard of care.

SPECULATIVE OPPORTUNITIES ?

CAN IORT REPLACE HT IN WOMEN > 70 WITH BREAST CANCER?

Background

CALGB 9343 established that in women 70 years and older, after surgical removal of the tumor,
Tamoxifen RT results in 98% local control vs. 90% LC for just Tamoxifen. The 10-year OS are the
same at 67% and 66%, respectively.

Both the Florence APBI Trial and data from Bordet’s 1000 IOERT patients treated to daye, show a
poor adherence to HT therapy yet have fairly good results.

The Europa Trial is testing whether APBI with EBRT alone vs. endocrine therapy alone is
equivalent for low-risk women with breast cancer.

Prediction
IORT will be the ultimate APBI should the Europa Trial prove positive.

CONCLUSIONS

IORT will continue to play an important role in cancer treatment for locally
advanced and recurrent disease. Too this end, trials currently underway like
PACER, Pancfort, ELECTRA, IOPANCA-IGET, and HNSALYV, will validate the role of
IOERT in these diseases.

As oncoplastic surgery in conjunction with early breast cancer becomes the
standard of care, women < 60 years, who we know benefit from a boost, will be
candidates for IORT boost. (Note that HIOB Trial has already proven IORT boost is
superior to EBRT boost in women > 40 years).

New demand for IORT will emerge with the establishment of FLASH IORT.

If the EUROPA Trial is successful, IORT will be the APBI treatment of choice to
replace hormonal therapy in elderly women.
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Radiobiological Aspects of IORT
and FLASH Radiotherapy

Jessica Fleming, PhD
Radiobiologist

The James

THE OHIO STATE UNIVERSITY
WEXNER MEDICAL CENTER

Creating a cancer-free world. One person, one discovery at a time.
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The ‘Rs’ of Radiobiology

6R’s
of Radiobiology
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Cellular Processes Impacted By Radiation Exposure
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Jessica Fleming, PhD
Radiobiologist and Senior Research Associate
Department of Radiation Oncology
The Ohio State University
Columbus, Ohio, United States

Presentation Overview

Radiobiology Refresher

Intraoperative Radiotherapy (IORT)
Background
Radiobiology of IORT

FLASH Radiotherapy
Background
Radiobiology of FLASH
OSU FLASH Program

Concluding Thoughts

The James
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Biological Processes Impacted By Radiation Exposurel
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Inbmlogy meets molecular pathology. Nat Rev Cancer. 2006‘60 :‘:

IORT General Background

+ IORT Allows:
+ Targeted delivery of high-dose radiation to tumor.
+ Minimal exposure to normal tissues.
+ Opportunities for dose escalation beyond EBRT.
+ Opportunities for re-irradiation.

+ Common Clinical Sites:
+ Intra-abdominal tumors
+ Soft tissue tumors
+ Head and neck
« Early-stage breast
+ Recurrent colorectal and gynecological cancers

+ IORT Methods:
+ High energy (MeV) electron IORT (IEORT)
+ Low energy X-ray IORT (LEX; kV IORT)
+ High dose rate brachytherapy IORT (HRD IORT)

The James

2022 INTERNATIONAL

>
20147:41:2.22

THE OHIO STATE UNIVERSITY
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Radiobiology of IORT General Background

5R's
Special Irradiated
Radiation ek effects 2| | volume
Repair / chrom. instab. 5
quality Reoxygenation c"“’"‘“‘ e Lsm:EJT
— Repopulation: eliminated
Radiosensitivity Immune effects
The James

‘THE OHIO STATE UNIVERSITY

Radiation Quality

10‘]

b
-t

vis

surviving fraction (SF)
i

10 N 10° 4
—— 8MV wio SLD repair 3
107 | ==~ 50KkVincl SLD repair 10e
—.— 50KV wio SLD repair 1

10" - - . 3 ———————

0 5 10 15 20 25 ¢ 2 4 & 8 10 N1

Doss [Gy] Dose (Gy)

The James

Herskind C etal. Biology of high single doses of IORT: RBE, 5R's, and other biological aspects. eCancers. 2017:12: 113 Q THE OHI0 STATE UNIVERSITY

Reoxygenation

« Radiation exposure depletes O, through
radiolysis

Fractionated RT allows for reoxygenation
between doses.

0,
+— OH* +H*

)

reparsble  generstion of ROS
damage  and mation of
camage

« For single high doses of RT, reoxygenation is not

RO, > ROOH a factor.

The James

‘THE OHIO STATE UNIVERSITY

1,40:1:26

Radiation Quality

« Linear energy transfer (LET): Rate at which energy is transferred per unit path length.
« Relative biological effectiveness (RBE): Dose ratio of the reference (MV X-rays) and test radiations
producing the same biological effect:

D
Deest

RBE =

20-50 kV X-rays 3-12 MeV Electron a-particles/Heavy ions
Low LET Low LET High LET

RBE > 1 RBE <1 RBE >10

The James

‘THE OHIO STATE UNIVERSITY

_____________________________________________________________|
Reoxygenation

Hypovic viable cells

* Necrotic. m{x‘

With IORT, remaining tumor cells are well-oxygenated.

o

uoperpes pue Sdesmousu> Suseassuy

The James

‘THE OFHI0 STATE UNIVERSITY

Redistribution/Reassortment

Cellular radiosensitivity varies through the cell cycle.

Radioresistant population enriched after RT.
et sy rossed renis,

4 In fractionated RT cells will redistribute across
phases of cell cycle between daily fractions.

Reassortment does not play a role in IORT with a
Cerea et single dose.
duplcated,

At single high doses of radiation, cell survival curves
A show little evidence of a resistant population.

Coll yeloarest
JockWestin
The James

0 THE OHI0 STATE UNIVERSITY

bidlogical aspects. eCancers, 2017,12: 1:13
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Repopulation

2 Phases of Repopulation:

1. After surgery
* Prior to RT

2. After radiation
*+ Resting cells (Gy) enter the cell cycle in

» order to compensate for cells killed by RT.
Coluar contens exclucng Irradiation
Chiteers Major advantage of IORT is the elimination of
repopulation by the extreme shortening of the
Go overall treatment time.
Cotleycle arrest
“\Jj’mmm
The James
“Tue Onto StaTe UniversiTy
flofier biological aspects. eCancers. 2017:12: 1-13 XA MEDICL CTER
Radiosensitivity

e

=]
@
@

Higher doses of RT:

EI*

1. Saturates HR and overloads the NHEJ pathway.

@/ \‘0 2. Increases chromosomal instability.
3. Influences number and properties of surviving cells.

accurate deletions i s_qmal
instability
The James
“ThE ORto STATE Un1vERSITY
B bl aspects. cCancors. 201712113 E———

l________________________________________________________________|
FLASH Radiotherapy

Ultra-high dose rate (> 40 Gy/sec) radiation delivered in a very short period of time that
produces a damaging effect in tumor tissue while sparing surrounding normal tissues.
ucy 3Gy zaGr

The James
ozemn MC el al The Advantage of FLASH Radiomempy Confm\ed \an»p\g and Cal—cancer Pal»ems Clm Cancer Res. 2019 25 35—42;rs 0 o Mmm(w‘::"“m"
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future perspectives on head and neck cancer treatment

The James

‘THE OHIO STATE UNIVERSITY

* Vasculature:
« Increased endothelial cell apoptosis.

* Inflammatory/immune response:

« Dose distribution.
< Distance between applicator and target.

I

jcal aspects. eCancers. 2017;12: 1-13

Additional Factors to Consider

« Increased tumor cell necrosis and antigen presentation.
« Recruitment of T-cells to irradiated and distant unirradiated tumors.

* Irradiated volume, local control, and normal-tissue reaction.

The James

‘THE OFHI0 STATE UNIVERSITY

FLASH Radiotherapy

——

The James

THE OHI0 STATE UNIVERSITY
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Biological Responses to FLASH Versus CONV
Radlotherapy

Understanding the FLASH Effect Mechanism:
Reduced ROS = Less Indirect DNA Damage
E CONVENTIONAL
RasH =8 - I
20 —or M 2 ) B Moy FLASH
] or e irtre
@"’/ ™ = G T 7 i,
o
. CONV
‘L_Z - €% it -
— i
The James
O "THE OHIO STATE UNIVERSITY

Understanding the FLASH Effect Mechanism:
Rapid Oxygen Depletion-Reduced DNA Damage
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The James
Fouillade C et al. FLASH \rraamtlon Spares Lung Progenitor Cells and Limits the Incidence of Radio-induced Senescence. Clin Cancer Res. 20 LR L TARE Y M—
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Understanding the FLASH Effect Mechanism:
Rapid Oxygen Depletion-Reduced ROS
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Understanding the FLASH Effect Mechanism:
Rapid Oxygen Depletion-Reduced DNA Damage
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Understanding FLASH Effect Mechanism:
Apoptosis
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Understanding the FLASH Effect Mechanism:
Limits Senescence

N CONV. FLASH
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Understanding FLASH Effect Mechanism:
Immune Modulation

Normal Lung

Lewis Lung Carcinoma
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Limitations With FLASH Radiotherapy

jDose- and Volume-Limiting Late Toxicity of FLASH ®
[Radiotherapy in Cats with Squamous Cell Carcinoma of -
he Nasal Planum and in Mini Pigs

The James
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Understanding the FLASH Effect Mechanism:
Reduced Inflammation
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FLASH Radiotherapy +

Modifications made to achieve
ultra-high dose rates

OSU Received The Very First FLASH-IntraOp® Mobetron® In North America

IORT
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IntraOp® Mobetron® Is Capable Of Achieving Dose
Rates >1000 Gy/sec

PRF: 60Hz

5 6
Nof pulses.

The James

OSU FLASH Team

College of Veterinary
Medicine

ey

e g VT

OSU FLASH Team Pre-Clinical Strategy
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Human Clinical Trials

58 2h
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Pre-Clinical Studies

Vet School Clinical Trials

\ Physics and RadBio Characterization

Dlsease sites: Understand impact of: cl ization:

GIIGU - Dose rate = Tumor control * Histopathological
+« CNS «  Total dose + Normal tissue toxicity + Morphological
« Skin «  Pulse structure * Acute . Mclecular_
« Breast «  Fractionation © Late X g:.;:’::;m
+ Lung . Treatmentvp\ume + Secondary malignancies + Transcriptomic
« H&N « SSD/cone size «  Proteomic
+ Machine + Metabolomic
+ Radiation modality * mFISH
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Multidisciplinary OSU FLASH Team

Vet School
Pathology
MedOnc
RadOnc

Radiation
Biologists

The James

g

Unique Resources At OSU

Designated OSU FLASH Team

FLASH Capable IntraOp Mobetron

FLASH Capable Varian CLINAC

FLASH Capable Proton Center

OSU Veterinary School

Human Clinical Trials Pipeline

Molecular Biology Expertise And Shared Resources
Drug Development Institute

The James
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Future Perspectives

IORT and FLASH radiotherapy have the potential to

the way we treat cancer patients.

Work towards:

» Understanding the biological mechanisms
underlying the FLASH effect and IORT.

* Head-to-head biological comparisons of IORT
and EBRT.

» Additional FLASH studies necessary before
moving into human clinical trials!

» Development of biomarker driven treatment
plans.

The James
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Thank You!

To learn more about Ohio State’s cancer
program, please visit cancer.osu.edu or
follow us in social media:

NENNSBEA

And please visit the Department of Radiation
Oncology at radiationoncology.osu.edu

The James

-
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Physicist’s Perspective on the Present State and New Markus Stana, PhD

Developments in Electron-Based IORT Medical Physicist
Radiation Oncology

Paracelsus Medical University Clinics
Salzburg, Austria

() B
UNIKLINIKUM \ Old vs. new vs. next? GINELINTR LT
SALZBURG

Physicist’s perspective on the prese
state and new developments in
electron-based IORT

Markus Stana, Christoph Gaisberger,
Brane Grambozov, Falk Réder and Gerd Fastner

Elekta® SL 18 IntraOp® Mobetron®

October 20, 2022

«Ob < <E> «Er E DA M. Stana 10€RT - what's new from a ®'s view? October 20th, 2022 2/12

(X) (X)

Old vs. new vs. next? SALZBURG New demands for components UNI%(ALII%I%TJUR%

Same quality, more versatility:

® new technical components
® tubes must be transparent for diagnostic X-rays but not for electrons
and bremsstrahlung
® couch and other treatment aids must fit multi-purpose

® well chosen dosimetry equipment

Elekta® SL 18 IntraOp® Mobetron® FLASH therapy ® new challenges with new machines (high pulse dose, less energy
pre-filtering)

® ALARA also in QA
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(X) (X)

New demands for components UN'%(AL['%TJURE New demands for components UN'%(AL['%TJURE

More work, same time:
Same quality, more versatility:
e fast and flexible interchangeability of technical components like
actual operation setup, linac, imaging system etc.
® new technical components
® tubes must be transparent for diagnostic X-rays but not for electrons
and bremsstrahlung
® couch and other treatment aids must fit multi-purpose

e fast imaging
e fast linac

® more compact linac

. . ® faster docking procedures (autodocking)
® well chosen dosimetry equipment * high dose rate

® new challenges with new machines (high pulse dose, less energy

pre-filtering) e fast and precise planning

. . .
® ALARA also in QA treatment planning systems ) )
® fast data transfer between components (imaging to TPS, TPS to
linac)
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(X) New technical components - (X)

UNIKLINIKUM POM-C tubes UNIKLINIKUM

New demands for components SALZBURG SALZBURG

More work, same time:

Comparison of POM-C and aluminum tubes - output factors

e fast and flexible interchangeability of technical components like
actual operation setup, linac, imaging system etc.

0° Bevel

. . e 0" Bevel
® fast imaging YT i S i
. 1% 16} il
e fast linac 15 isf e
® more compact linac H :; o
L fgstsr docking procedures (autodocking) FI |
® high dose rate 11 10
1 3 4 5 6 7 8 9 10
e fast and precise planning ool
. 4 5 6 7 8 9 10 Aluminum tubes
® treatment planning systems Diameter fem) d by Land 1 2000
® fast data transfer between components (imaging to TPS, TPS to measured by Landon et. a
linac)
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New technical components - (K) New technical components - (K)
UNIKLINIKUM UNIKLINIKUM
POM-C tubes SALZBURG POM-C tubes SALZBURG
Comparison of POM-C and aluminum tubes - flatness of profiles
10 = . Dose outside POM-C tubes
— 14mm
6 MeV 9MeV 12 MeV
N [ —— N [ —— _ [T ———
s , ®
& f s B [
= P i 2N
' I E E
P £, I
N 2y i
curen om0 s o e o deare o o )
o @ 4 o
teplans [re)
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Choice of dosimetry equipment

UNIKLINIKUM
SALZBURG

Choice of dosimetry equipment

(X)

UNIKLINIKUM

SALZBURG

Roos Electron Chamber

[ Advanced Markus Electron Chamber

Roos Electron Chamber T

Advanced Markus Electron Chamber

Type of Product

Vented plane parallel fonization chamber

Type of Product

vented plane parallel fonization chamber

Nominal Sensitive Volume 035cm°> 0.02cm Nominal Sensitive Volume 0.35cm3 0.02cm®
radius 7.8mm depth 2mm radius 2.5 mm depth 1mm radius 7.8 mm depth 2mm radius 2.5 mm depth 1mm
Reference Point chamber center, 112 mm below surface | chamber center on entrance fofl Reference Pont chamber center, 1.12mm below surface | chamber center on entrance foil,
or 1.3mm below surface of protection cap or 1.3mm below surface of protection cap
Nominal Response T2nC/Gy 0.67nC/Gy Nominal Response T2nC/Gy 0.67nC/Gy
Long-term Stability < 0.5% per year < 1% per year Tong-term Stability < 0.5% per year < 1% per year
Chamber Voltage 200V nominal £400V max. 300V nominal £400V max Chamber Voltage 200V nominal =400V max. 300V nominal £400V max.
Polarity Effect <05% < 1% for electrons > 9 MeV. Polarity Effect <05% < 1% for electrons > OMeV.
To window (water-equiv.) T3mm T.06 mm (protection cap included) To window (water-equiv.) T3mm T.06 mm (protection cap included)
Guard ring width Zmm 2mm Guard ring width Zmm Zmm
Ton collection time 25 s s Ton collcction time 125 15 s
Max. dose rate for Max. dose rate for
> 99.5 % saturation 52Gy/s 187Gy/s 52Gy/s 187Gy /s
> 90.0 % saturation 10.4Gy/s 375Gy /s > 99.0 % saturation 10.4 Gy/s 375Gy/s
Max. dose per pulse for Max. dose per pi
> 99.5 % saturation 0.46 mGy 2.78mGy > 995 % satur: 0.46 mGy 2.78mGy
= 99.0 % saturation 093 mGy 556mGy > 99.0 % satur: 093mGy 556 mGy.
Useful ranges: Useful ranges:
Chamber voltage F50 to 300V F50 to 300V Chamber voltage =50 to0 300V F50 to 300V
Radiation quality 2 - 45MeV electrons 2 - 45 MeV electrons Radiation quality 2 - 45 MeV electrons 2 - 45 MeV electrons
Ficld size 44 cm? to 40X 40cm 3%3cm? to 40x40cm Ficld size 4x4cm? to 40x40cm 3x3cm? to 40x40cm
107 —40°C 10”7 - 40°C
Humidity 0 - 80 % rel Humidity 10 - 80 % rel
Air pressure 700 - 1060hPa Air pressure 700 - 1060 hPa
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(X)

(X)

. . - UNIKLINIKUM . . . UNIKLINIKUM
Choice of dosimetry equipment SALZBURG Choice of dosimetry equipment SALZBURG
1.00 4 (b)
z 090
£ 080
Mobetron®: 3 070 ==Madel1545
% } ——Model 1688
e 060 Model 1630
® pulse repetition frequency (PRF) = 30 Hz '% 0.50 — = Allchambers
8 040
® 30 pulses per second 3 030
S o
® recommended dose rate = 10 Gy/min = 166.7 mGy/s § o
e dose per pulse = 5.56 mGy 0.10
0.00
1.06-03  1.0E02  LOE-01  10E+00  1.0E+01  1.0E+02
Dose-per-pulse (Gy)
Petersson, et al. (2017). Medicai physics, 44(3), 1157-1167.
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- - . UNIKLINIKUM . . - UNIKLINIKUM
Choice of dosimetry equipment SAL 7BURG Choice of dosimetry equipment SALZBURG
1.00 1 (b) 1.00 1 (b)
g 991 Mobetron g 0904
3 0801 Model 1545 3 0804 Model 1545
& 0704 —— Model 1688 & 0701 —— Model 1688
: 0i60:4 Model 1690 : 060 Model 1690
"(9, 050 ~ = All chambers "(9, 050 1 T — = Allchambers
< % 2 20 Start Flash
S 030 S 0304
§ o204 § o020
0.10 A 0.10
0.00 0.00
10E-03  10E-02  10E-01  1.0E+00  L1.OE+01  1.0E+02 10£-03  1.0E02  10E-01  10E+00  1.0E+01  1.0E+02
Dose-per-pulse (Gy) Dose-per-pulse (Gy)
Petersson, et al. (2017). Medical physics, 44(3), 1157-1167. Petersson, et al. (2017). Medical physics, 44(3), 1157-1167.
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(X)

(X)

Ashraf, et al. (2020). Frontiers in Physics, 8, 328.
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. : . UNIKLINIKUM . : . UNIKLINIKUM
Choice of dosimetry equipment SALZBURG Choice of dosimetry equipment SALZBURG
TABLE 1 | Dosimete rat potential FLASH
Al Response. Detectors. FLASH study ‘Spatial Energy
comy type pulse (D;) dependence. resolution dependence
] St P e
B Tous oabotnt
8 205 B
. S ps—
g S —— Crarge 10,20 ~a5mm  ~ms Enorgy dependence
o shows up > 2MeV
w S T
S 020 BN -
i ot ] -
Dose Per Pulse (Gy) x10? Dose Per Pulse (Gy) © el sk
FIGURE 5 | Mocel for charged based hamber IC, , and 20 P18, 19] Independent (10° Gy [70, 71] ~1um Tissus-equivalent
Dose per puise dependency of detector response are shown for (A) conventional beams and (B) FLASH beams. Advanced Markus Chamber IC responss (charge
i e s o e e g frploenty ittt
por 4. 50).
. - o wenin [

Ashraf, et al. (2020). Frontiers in Physics, 8, 328.
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Choice of dosimetry equipment UNI%(AL\”}I}I%ITJUR% Choice of dosimetry equipment UNI%(AL\”}I}I%ITJUR%
PDDs for 6 cm tube with 0°: PDDs for 6 cm tube with 0°:
! "7 eMeV —— ! ' 6MeV ——
9 MeV — 9MeV —
12MeV —— 12MeV ——
06 | 0.6 q
A&l ,\\"/a @lo
04 04 | 1
02 0.2 q
0 - - - 0 - - -
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
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Choice of dosimetry equipment UN'&'}%‘@%@ Choice of dosimetry equipment UN'&'}%‘T}JRE
AAPM Report No. 092: AAPM Report No. 092:
B. Quality assurance for mobile electron accelerators Bending magnets stron accelerators

When adapting these recommendations to mobile accel-
erators. the clinical physicist needs to deal with some con-
flicting considerations. These units are partially disassembled
and transported each day of use. They forgo adjustable col-
limator jaws and leliminate bending magnets (o reduce
weight and radiation leakage These design elements sim-
plify the system, but they ‘make the electron beam energy
more dependent on variations in rf power generation and
coupling to the accelerator, Therefore, on one hand, there are
reasons (o perform more frequent beam measurements than
with conventional installations. On the other hand, the equip-
ment is used in ORs with little or no added shiclding. so
radiation safety considerations argue for limiting the beam
time for QA as much as possible. These competing concerns
can be partially resolved by developing an efficient QA pro-
cess, but they do present an ongoing challenge.

Output and energy can be checked efficiently with the use
of a dedicated solid phantom in which a dosimeter can be

M. Stana 10eRT - what's new from a ®'s view? October 20th, 2022 5/12

s to mobile accel-
Jeal with some con-

asign elements sim-
ectron beam energy
wer generation and
1 0ne hand, there are

e SR measurements than

ther hand. the equip-

Van Dyk, J. (1999). Madison, Wi: Medical Physics added shielding. so
o limiting the beam

Publishing, 437-479. competing concerns

— - % an efficient QA pro-
cess, but they do present an ongoing challenge.

and energy can be checked efficiently with the use
d solid phantom in which a dosimeter can be
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(X)
Choice of dosimetry equipment UNIgAH‘?}I%}EJURE

Short term stability of energy UNIgAH‘?}I%}EJURE

AAPM Report No. 092:

Bending magnets Mobetron beam guide

Van Dyk, J. (1999). Madison, WI: Medical Physics

Publishing, 437-479.

cess, but they do present an ongoing ch
Output and energy can be checked ef
of a dedicated solid phantom in which  source: IntraOp® Mobetron® demonstration video
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A swaying or drifting energy results in:

® scanned PDD is a set of points taken from slightly different PDDs

® scanned profile can show asymmetry due to increase or decrease in
energy for a perfectly symmetric beam
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Short term stability of energy UN'{‘AH'%% Short term stability of energy UN'{‘AH'%%

wedge and area detector

Possible solutions:

® PDDs from top to bottom and from bottom to top

e several very fast PDDs (only few data-points) with continuous
beam

® simultaneous recording of all points in depth dose using a wedge
and area detector

© 2d detector (film or panel) for profile measurement
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Short term stability of energy UN'{(ALW'R'&JR? Short term stability of energy UNI&'}'%‘@%‘R
Using an area detector (in combination with a wedge):
Simultaneous depth dose using a wedge
+ reduces number of measurements necessary
+ reduces time of measurement 6 MeV 12 MeV

+ reduces total dose necessary for measurement (especially in o8
non-bunker environment)

difficult to do in water, correction for solid water necessary

- not in accordance with AAPM, DIN, ONORM' s 0 @ o s e s Che a0 w0 o s 100 im0 s w0 o s 10 i)
- some sort of PDD in waterphantom has to be done
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(X) (X)

Short term stability of energy UN'{‘H%@%’& Short term stability of energy UN'&%‘%&
Simultaneous depth dose using a wedge
Simultaneous depth dose using a wedge
6 MeV 9MeV 12 MeV
6 MeV 9 MeV 12 MeV

Tuning of electron bunches (RF)

M. Stana 10eRT - what's new from a ®'s view? October 20th, 2022 6/12 M. Stana 10eRT - what's new from a ®'s view? October 20th, 2022 6/12

34 2022 INTERNATIONAL SOCIETY OF INTRAOPERATIVE RADIATION THERAPY (ISIORT) CONFERENCE



Speaker presentations

Physicist’s Perspective on the Present State and New

Developments in Electron-Based IORT

(X)
UNIKLINIKUM

Long term stability SALZBURG

(X)

UNIKLINIKUM

Long term stability SALZBURG

stability of energy at Dy,

stability of energy (Dsge,/Dmax)

105 ! ! ! 6MeV O =
104 |- omev 4 H 2
12MeV  © ©
. 2
8 &
g 5
3 2
2 <
s 2
e k]
[
time (days)
0 100 200 300 400 500 600 - Jmm 6 Moy My 2
time (days) +-1mm 12 MeV 2MeV v
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New advantages - dose profiles UNISAH‘?}I:&TJUR? New advantages - dose profiles SALZBURG
Tube diameter 6 cm, 0° bevel, 6 MeV, Elekta SL 18: Tube diameter 6cm, 0° bevel, 6 MeV, IntraOp Mobetron:
‘ Elokta ‘ ‘ Mobetron ‘

40 40

20 20

o 0
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(X)
UNIKLINIKUM

New advantages - dose profiles SALZBURG

(X

UNIKLINIKUM

Automatic soft docking SALZBURG

Tube diameter 6 cm, 0° bevel, 6 MeV:

sl Elekta VOO Mobetron VOO0
Elekta V70 Mobetron V70
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(X) (X)

Automatic soft docking N ALY EURG Automatic soft docking UNIKLINIKUM
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UNIKLINIKUM UNIKLINIKUM

Automatic soft docking SAL 7BURG Automatic soft docking SALZBURG

fi
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(X) (X)

Automatic soft docking UN'&H‘%‘?}% Automatic soft docking UN'&H‘%‘?}%

Target Validation

il
alll

setup time: patient travel + pre-align + auto-align ~ 5-10 min

separation along beam axis: 40.0+0.5 mm

accuracy in both axes normal to beam: +0.5 mm

il

accuracy in axis alignment: £0.5°
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Optimized workflow for (X) Optimized workflow for (X)

treatment planning in 10eRT UN'&E%‘T%& treatment planning in 10eRT UN'&E%‘T%&

Standard workflow with sonography:

. VWL ‘ MU 0K Import from MOSAIQ ™=
iy —> Yimweopo | —> i o= Ymmon o Modality Worklist

RT rec
T Depth = Plan \l/
:‘g‘ MOSAIG
y MOSAIG
Data Dlre:;or
v
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Optimized workflow for (X) Optimized workflow for (X)
treatment planning in 10eRT UN'&}'%‘?&? treatment planning in 10eRT UN'{(AL\'%%%%

Standard workflow with sonography:

wosa@
MOSAIQY

MOSAIQ

MOSAIG

Data Dlrec_mr
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Optimized workflow for (X Optimized workflow for (X
treatment planning in 10eRT UN'&H‘%‘?}% treatment planning in 10eRT UN'&H‘%‘?}%

Standard workflow with sonography:

MOSAIQY = . o

Data Director

MOSAIQ

MOSAIQ
Data Dlre:;or
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Optimized workflow for
treatment planning in 10eRT

UNIKLINIKUM
SALZBURG

Optimized workflow for
treatment planning in 10eRT

UNIKLINIKUM
SALZBURG

M. Stana 10eRT - what's new from a ®'s view?

October 20th, 2022 10 / 12

Standard workflow with sonography:

MOSAIG
MOSAIQ
Data Director

M. Stana 10eRT - what's new from a ®'s view?

RT rec\l/
Plan

MOSAIQ
MOSAIQ
Data Dlre:;or
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Optimized workflow for
treatment planning in 10eRT

UNIKLINIKUM
SAL7BURG

Optimized workflow for
treatment planning in 10eRT

UNIKLINIKUM
SALZBURG

Standard workflow with sonography:

MOSAIG
MOSAIQ
Data Director

M. Stana 10eRT - what's new from a ®'s view?

RT rec\l/
Plan

MOSAIQ
MOSAIQ
Data Dlrec_ter
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Advanced workflow with 3D X-ray imaging:

MWL CcT

MOSAIQ! >
MOSAIQY

Data DDirector

MOSAIQ!
MOSAIQ
Data Director
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Optimized workflow for
treatment planning in 10eRT
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Optimized workflow for
treatment planning in 10eRT

UNIKLINIKUM
SALZBURG

Advanced workflow with 3D X-ray imaging:

MOSAIQ

MOSAIQ
Data Director

MOSAIG

MOSAIQ
Data Director

M. Stana 10eRT - what's new from a ®'s view?

i
OK
RT rec =
<— R

October 20th, 2022 10 / 12

Advanced workflow with 3D X-ray imaging:
MWL cT

%

MOSAIQ

MOSAIQ
Data Director

P\an\l/

MOSAIQ

MOSAIQ
Data Director
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Optimized workflow for (X

treatment planning in 10eRT UN'{‘AH'%%

Optimized workflow for (X
treatment planning in 10eRT UN'{‘AH'%%

Advanced workflow with 3D X-ray imaging:

MWL

MOSAIQ >
MOSAIGY

(OSAIQ
Data Director

MOSAIG
MOSAIQ
Data Director
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Advanced workflow with 3D X-ray imaging:

MOSAIQ

MOSAIQ
Data Director

MOSAIG!

MOSAIQ
Data Director
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Optimized workflow for

treatment planning in 10eRT UNI&}'?&JUR%

UNIKLINIKUM

Summing-up SALZBURG

Advanced workflow with 3D X-ray imaging:

cT =
Hoste W8 — o

Data Director

MOSAIQ

MOSAIQ
Data Director
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supplementary dosimetry gear for specific tasks
new dosimetric approaches

special equipment for specific applications
optimized workflows

in terms of accuracy you might loose some and you might gain
some
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. UNIKLINIKUM . UNIKLINIKUM
Questions? SALZBURG Questions? SALZBURG
kind attention!
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Ahmet Ayan, PhD

Medical Physicist

Department of Radiation Oncology
The Ohio State University
Columbus, Ohio, United States

(Challenges with) Physics in
FLASH Radiotherapy

Ahmet S. Ayan, PhD
Radiation Oncology
The Ohio State University

Outline

* A (historical) review of UHD beams used in radiotherapy and
radiobiology

* (Challenges with) Characterization of Dose and Dose rate
« Shielding considerations with FLASH RT
* What does future look like?

A (historical) review of UHD beams used in
radiotherapy and radiobiology

D. L. Dewey and J.W. Boag, “Modification of the Oxygen Effect when Bacteria
are given Large Pulses of Radiation”, Nature, Vol 83, p1450-1451, 1959

Serratia marcescens bacteria cells show enhanced sensitivity to
radiation & oxygen effect
1.5MV x-rays with conventional dose rates ~600 rads/min
Same accelerator could deliver a pulsed electron beam of doses of 10-20
krad delivered in 2us

=»100-200 Gy/pulse

=0.5-1 x10'° rad/s = 0.5-1 x 10 Gy/s *

{
“... when large single pulse is used, the same bacteria saturated with the Eg
same oxygen-nitrogen mixture show the lower sensitivity corresponding 1
to anaerobic irradiation”. {_
L

C.D. Town,” Effect of High Dose Rates on Survival of Mammalian Cells”

Nature, Vol 125, p847-848, 1967 9 Gy

* 14 MeV electron beam of 1.3 us pulses of 4500 rad/pulse
* 45 Gy/pulse, 3.5x107 Gy/s in pulse dose rate
* Two pulses delivered with 400Hz

* Dosimetry was performed with TLDs

+ Output of the accelerator was kept constant, different

doses obtained by placing samples at different distances,
hence the irradiation time was constant

+ “... biphasic nature of the single pulse survival curve is thought to be caused by
the removal of oxygen from the relevant site within the cell by its reaction
with the radical intermediates formed during the irradiation”

“...for irradiation in hypoxic conditions the single and double pulse data both
follow the same line which has a slope approximately 2:5 times smaller than
that of the line for air. In this case too, the single pulse curve for air changes in
slope after a dose of about 1,000 rads.”

Modified medical linacs for Ultra-High-Dose-Rates

* Lempart et al. [;
an ELEKTA Precise linac

10 MeV electron beam

and Oncology 139 (2019) 40-45] modified

Pulse-to-pulse control of the linac was achieved with an
external trigger circuit

Dose rates of greater than 30, 80, and 300 Gy/s were
achieved at different locations in the linac head

« Schuler et al [intJ radiation Oncol Biol Phys, Vol. 97, No. 1, pp. 195¢203
2017], modified a Varian Clinac 21EX

+ Achieved a dose rate of ~900 (70) Gy/s within the linac head
(at the level of inner jaws) with 20MeV electron beam

ton camber
Satteing folls
Vscuum window

jocton
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Custom built linear accelerators UHDR with Proton beams
* Oriatron eRT6 was custom built for the Lausanne S(llum - ,_,,.k i
University Hospital (Switzerland) by a commercial = L * UPenn IBA Proteus Plus with 230 MeV fixed m-"' e e
company of the ALCEN Group . proton beam line [piffenderfer et al., IntJ Radiation
T Oncol Biol Phys, Vol. 106, No. 2, pp. 440e448, 2020]

+ Jaccard et al [Med. Phys. 45 (2), February 2018] published

Double scattered beam with achieved dose

the machine characterization

. . rate of 94 Gy/s
« Nominal electron beam energies of 5 and 6 MeV v/ oo
with dose rates up to 200 Gy/s
ot P ot o ot s 15 5501 = UPenn also created a SOBP beam [ el ® G g pm
1 m and atthe depth of dose maximum in watcr) of the Flash and Cony func: Cancers 2021, 13, 4244] with a ridge filter i a
tioning modes of the KT, |/
o~ . « Achieved dose rate of 108 Gy/s in the SOBP R E 1
nge .

GT(V) 300 100 Primary iy lontzation Adjustable —
w () 22 10 ::“-'::: Chamber. Aperture. e
f(Hz) 200 0
D@yt 0 005
D, Gyl) 45 10° 49 x 10°

UHDR with Photon beams

« European Synchrotron Research Facility (ESRF) is based on
the spatial fractionation of the incident X-ray beam into
wafers of parallel microbeams which are a few tens of pm
wide and separated by a few hundred pm

* Photons of median energy of 100 keV/ E

e 1 1 Mt L
* As high as 16000 Gy/s in slice ( Mean dose rate of B aglomih /.-I
37Gy/s reported in experiments by Montay-Gruel et al o S )

[Radiotherapy and Oncology 129 (2018) 582-588] ) (Challenges with) Characterization of Dose and Dose rate

Imaging and Medical Beamline (IMBL) of the Australian
Synchrotron 3 GeV e” storage ring with 200mA beam
current [J. Synchrotron Rad. (2017). 24, 110-141]
* Up to 700 Gy/s dose rates (@ 2cm depth)
* Photon energies of 60-500 keV are possible with a field
size of 30 x 2 mm?

hitps://wwwnist.gov/

Challenges with UHDR beam measurements with IC UHDR beam measurement with GafChromic film

110

Beam characterization is essential for an accurate dosimetry
in pre-clinical and clinical UHDR irradiations

* Absolute dose and dose rate

* Beam depth-dose curves

* Beam profiles

B

Jaccard et al. [Med. Phys. 2017
Feb;44(2):725-735] studied energy and D
dependency of GafChromic (EBT3) with
e beams of (4, 8, 12 MeV)

Benchmarked against TLD (known to be

o1

1
oL T

Ratios Dy,/ Dp
8

°
8

« lon chambers for absolute and relative dose measurements independent of dose rate) GO0Ew03  500E+0s  500Ee05 5008406
P - Dose-rate in pulse () (Gy/s)
are rendered useless due to high ion recombination effects + Demonstrated to be dose-rate
1.10

Petersson et al [Medical Physics, 44 (3), March 2017] studied the ion independent up to the 8x10° Gy/s

-~ e o [pe——
e e e . + Demersad tobecnegymdependent
fan s for 4,8, and 12 MeV e beams N ( T

* lon collection efficiency of the Advanced Markus chamber 5o 5
decreases for measurements in electron beams with £oo -] ﬁ J |

S 0301  pulse widths: 0.5, 1.0, &

increasing dose-per-pulse §onl andisus

oo 50 100 150 200  25.0

o
160 LR LE0L 1060 L0BOL 10802
Dose (Gy)

Doserperpulse Gy)
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UHDR beam measurement with Alenine

« Astudy by Zeng et al., [Phys. Med. Biol. 50 (2005) 1119~
1129]

« found no significant change (< 0.6%) in alanine/EPR
response to absorbed dose-to-water over the e- beam
of range 8-22 MeV
1.3% (+0.2) reduction in the Alenine response
compared to 60Co gamma rays

* A study by Desrosiers et al., [Journal of Research of
the National Institute of Standards and Technology, 113, 2,
2008,] showed no D dependence for doses up to
5 kGy.

o 1010 - - ,
S = Measurement o
8 e
% “co o MC prediction o
2 1000 | %
- i }
] Soms [
3 H BN
§ 0990 | ] e 5
g Boms
5 I P
s g
S oeso | ] foms
2
3 a
8 oses
© o070 L L L
5 10 15 20 25 o

nominal energy (MeV)

Beam time signatures monitoring with Current Transformer

* Anindependent (other than machine reported)
measurement & verification is an essential part of QA
program

 Time signature of the pulsed beam is of utmost critical
importance (others are: N and Dpp)
* Operating Principle:

* Pulsed charged beam primary beam current induces a signal at the
secondary proportional to the beam current

« Several institutions and linac manufacturer employed a
non-destructive monitoring technology, current
transformer,

* Has been in use in particle beam accelerator diagnostics
for many years

AR
o
Primary Secondary
circuit circuit
(veam) (N tums)

1994, Beam instrumentation CERN lectured Notes

Beam time signatures monitoring with Current Transformer

Y

* We monitor

« electron gun pulses (below) and A
electron pulses after they exit the i
accelerating waveguide read out by a L
digital oscilloscope (4ns sampling)

Monitoring e-gun pulses.

(For detailed pulse-to-pulse analysis, see our paper @ FRPT 2022)

Using Gafchromic film dosimetry for UHDR linac commissioning

Jain et al,, "Commissioning Measurements for Ultra High Dose Rate Electron Beams using a Novel Device", Submitted to JCAMP.

Using Gafchromic film dosimetry for UHDR linac commissioning

iconsd conss

b) i Seemmdcontss

Jain et al,, "Commissioning Measurements for Ultra High Dose Rate Electron Beams using a Novel Device”, Submitted to JCAMP.

Time signature of UHDR beams and impact on Dose Rate

Dose
time’
one needs to know the time signature of the delivered
beam:

* With electrons, to calculate Dose rate =

N X Dpp

Dose rate = T —Dx PRFTpw]

* With protons, may not be so trivial:

« Depends on the accelerator type (cyclotron, synchrotron)
delivery technique: i.e., whether as Passively Scattered, PBS
(hence scan speed), single energy, multi-energy (hence time
required energy change) using Bragg peak, beam current at
nozzle

If PBS, it depend on how one accounts for time dose is deposited
to a given voxel (scan pattern, speed)

=> Alot of activity is ongoing in this domain with vendors and
various institutions

Electron linear accelerator

Pulse length afew ps
Pulse

Repetition 10 - 200 Hz

Frequency

Pulses arrive at every 100 - 5 ms

Proton (ex: Isochronous cyclotron)

Pulse width ~1-2ns
[pw]
RF Freq ~70 MHz

Pulses arrive at every ~14 ns, so,
practically a continuous beam
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IntraOp Mobetron Electron Beam Linear Accelerator Pulsed electron beam: D vs D vs N
* For the high-dose-rates beam, we can program/select * Of course, one can introduce SSD into the Pulse Repetition Frequency: 60Hz
* Nominal Pulse Widths / us €{1,1.6,2,3,4} free parameters to choose from _ . . X 107 100
« PRF e {10, 20, 30, 45, 60} Hz If N=1, the dose rate is dominated by the pulse width Dpp=9.2Gy
« #of pulses € {1, 2, .. 200} * If N>1, the dose rate is dominated by the PRF 10° \ L
« Different collimation and irradiation setup & geometries will :%ms \t g
most likely require different D, 5 A K
Our radiobiologists & physicians would like to prescribe This is what we have ) @ 100 { wa
2 . g
-} (Dachievea Dachievea “
min{(——-1) +|——--1 5
RX DOSE RX DOSE RATE Dix Dpx 10 L
PRF € [10,20,30,45,60] Hz g 2 oot o s 10
s.ty pwe€([1,16,23,4]ps where lumber of pulses
NEeZ
D:DWXN,[):i(( ) = TN =

Implications of UHDR on shielding

« USNRC Federal limit for instantaneous Bremsstrahlung Yield by Electrons in 0, Al, Cu,
. b
dose rate in uncontrolled areas: < 0.02
mSv (20 pSv) in any hour

\

Bremsstrahlung yield BIE.) (%)

* This is NOT equivalent to measured dose rate, i.e., )
o ) X i not 20 pSv/hr * f
Shielding considerations with FLASH RT 0
o
5 o3 g i o560

« Standard linac vaults (designed for 18X)
Electron kinetic energy Ex(MeV)
may not be enough Fig 5.7 in Podgorsak, Radiation Physics for Medical

. Physicists
* Potential concerns are

« Bremsstrahlun hotons * Bremsstrahlung yield of a charged particle with KE (EK;)

s ) g_ photo striking an absorber is defined as that fraction of the initial
* Neutron activation kinetic energy that is emitted as Bremsstrahlung radiation in
the absorber

Implications on shielding by 16 MeV UHDR electron
beam in a vault designed for 18MV photon beam

Evaluation of  conventionally shielded proton treatment room
for FLASH Radiotherapy

HEGHPHYHCS Shielding considerations for proton UHDR beams R

Radiation sheiding and safety mpications following insc
* At UHDRs, dose rate from bremsstrahlung photons is an order of magnitude Sosvecsion o a0 slacinn FLASHARY tnk
higher than that from an 18 MV beam Yok o't | S ossoha | w3 Bcker | Brndon g | [ ——"
R i e |
* Poirier et al [Medical Physics. 2021;48:5396-5405] investigated the shielding b(v Xiao et al [Med Phys. Sept 2022, https://doi.org/10.1002/mp.15964]
radiation survey results from 16 MeV UHDR electron beam in a vault designed for investigated the validity of their proton vault shielding in UHDR
18MV photon beam & e
irradiation conditions
+ Radiation surveys were performed using a survey meter (Fluke 451P) and Wendi-2
neutron detectors

* To exceed USNRC limit (20 uSv in any 1h) in uncontrolled areas, 92 sec.
continuous run needed w/ G180

They measured using Wendi-ll neutron detector with 244 MeV p beam,
7x20 cm? delivering 8Gy @ isocenter with a beam current of ~10 nA

They scaled the measured values to nominal UHDR proton irradiation

« neutron activation of linac components can reach 25 Sv/h near the isocenter ® beam currents of ~170 nA
following FLASH-RT delivery, but dissipates within minutes, and total doses within T2
an hour are below 20 pSv. H « Assuming a workload of 200Gy/hr, they measured < 0.4 mSv/yr at the
2 treatment room door
TABLE 2 Radation survey resus % 10 * They concluded that “conventionally shielded proton rotating gantry
Instantancous ambient dose equivalent rate (uSvih) 3 rooms result in acceptable occupational and public doses when the
Door Console. Uncontrolled area 5 transmission FLASH beams delivered at four cardinal gantry angles based
Eneray Photons _ Neutrane Photons _Neutrons ___Photons_Neutrons N on 200 Gy/hr workload assumption”
o phatons = % 0 z ) & 0 0 10 22 % 4
16 Mo o cinical 04 Notdstoctabio 02 ot detactabie 0.2 ot dotectadio Time Elapsed (min)
TEMNaV s FLAGH (GTo0 bgy 06 [ e 0 [ g rOURE 5 st e oot e
00e°) e
Kl £ 20 50 o [ RN U 31 ot 15 blow 2 WS Fege3s o pashan

T6 MoV & FLASH (GO physics.
mode")

2022 INTERNATIONAL SOCIETY OF INTRAOPERATIVE RADIATION THERAPY (ISIORT) CONFERENCE 43



Speaker presentations

Physics in FLASH Radiotherapy

Future outlook

* Currently FLASH dose rates are limited to small treatment volumes
Small field sizes with FLASH dose rates: Current pre-clinical practice is limited to small animals
and cell cultures

Beam energies are suitable for mostly superficial depths in larger animals. Deep seated tumors
may not be feasible yet

Large fields have implications on D .
8 P Thank you for your attention

* Under development

* Detectors working at FLASH dose rates for real-time absolute dose measurements
* FLASH with photon linacs (ex: PHASER)
* FLASH with very-high-energy-electron (VHEE) beams ( > 100 MeV)
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CT Imaging in Electron Based IORT —
Current Status and Future Perspectives

Christoph Gaisberger, PhD

Medical Physicist

Radiation Oncology

Paracelsus Medical University Clinics
Salzburg, Austria

!‘.' UNIKLINIKUMSA )
UNIKLINIKUM Overview
- EAEN - SALZBURG « History ( IORT Salzburg 1997-2022)
= Why IORT IGRT?
= |ORT IGRT Workflow (Imaging Ring, Extended Range Linac, TPS)
. . - = Treatment Planning System — Radiance (GMV)
CBCT Imaging in Electron Based !O D i E @ity
current status and future perspectives * Commissioning (CT Table, Linac Model)
= Clinical Aspects
= Artefacts
= Patient Preparation and Positioning (Collision Avoidance)
= US Imaging vs. 3D Imaging
= Future perspectives
011 GasbargerChistoph
SIRT
)
UNIKLINIKUMSAL ZHL UNIKLINIKUMSA
Clinical experience (IORT Salzburg) Workflow (SL18 Elekta)
= More than 4500 Patient treated since 1997 (01/2021 installation
,Mobetron“ — IntraOp Medical)
= 250 patients/year (2020), 2021 were 4 “Non-Breast” patients/year
treated
IORT Aufteilung Mammen
- = Clinical experience to move the patient - not the Linac!
= 2D dose calculation (surface correction)
)

Renovation and reorganization 2021

UNIKLINIKUMSAL ZHL

UNIKLINIKUMS

Why 3D CBCT Imaging for treatment planning?

pro 3D Imaging

= Uneven surfaces

= Inhomogeneity

= Dose (DVH) OAR?

= US image quality (air)

= compressed tissue by US head

= US not used for Non-Beast
Surgery

= Absorbing paddings
= accurate tissue measurement

= complex anatomy

= Summation of doses (Reirrad.)
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UNIKLINIKUM S/

Clinical operational:

Mobetron — Extended Range Addendum
(extended DOF, no beamstoper)
Radiolucent IORT tubes (@ 4-10, 0°, 30°)
Radiolucent tube holder

Radiolucent treatment couch

mobile CBCT imaging System

IORT 3D Tretment planning system
(radiance, GMV)

virtualized software modules

Mobston (Ia0p Medca) - Eandod Rango Addendum

UNIKLINIKUMSA

Imaging Ring mobile (Irm) - MedPhoton

¥ 120cm clearance

+ HU values for treatment planning (patient specific, histogram
opimized)

~ mobile (xly/z7Rot)

v metal artefact correction

v TOF - Laser bases collision avoidance

+ independent moveable tube and detector

~ Energie 40KV-120KV (150kV)

+ Detector 25cmx25cm (Large FOV mode)

v high resolution panel

v integrated optical cameras

v automated filterweel

~ weight 517kg

 variable non-isocentric Field of View

~ wearable remote control panel

UNIKLINIKUM S/

Imaging Procedure

UNIKLINIKUMSA

Image Quality — CBCT Imaging

UNIKLINIKUM S/

Current status - Operating Theater (2022)

1. mobile anesthesia
system
2. Linac — Mobetron

3. mobile treatment
couch

4. mobile CBCT

5. virtualized Software
(Prelude, Radiance)

6. mobile US

OP Logistic

= mobile couch

= automated IRm parking/treatment
position

= mobile anesthesia equipment

= virtual available software (TPS, Irm,
Radiance)

1
1
In
]
1
1
i
1
|}
1
]
]
1
|}
1
[}
(|}
1
I
1
1
]
Al

bb.: horizontal floor plan operating theater
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UNIKLINIKUM 54 UNIKLINIKUMSA )
US Workflow (25 min) . o
Treatment Planning System (TPS) — Radiance (GMV)
us 2D Dose Patient Treatment .
CaICUIaﬁon
. l; :: E
3D Imaging Workflow (45 min)
S —
Patient 3D Patient Treatment B,
Preparation Imaging Positioning Mobetron -
“ 3
\
)
UNIKLINIKUM 54 UNIKLINIKUMSA
. Linac- 7 . Linac-
TPS — Phase Space Files (1) Mobetron TPS — Phase Space Files (2) Mobetron
= Monte carlo dose algorithm = Solution: shortened phase space file
uses phase space files to e SpmEn Al (tubelength -4cm) Phase Space File
reduced calculation time T = Linac +ind. Tube = Dose in the Air is visualized T r  Linac +ind. Tube
= every tube/energy combination J L{“J
are pre-calculation —
|
= Individual phase space file for Tube e ]
patient (d 4-10cm)| | (d 4-10cm)|| |
= Tissue (uneven surfaces) within | . . . I~
N = calculation time <1min! A =
the tube would be neglect! —\ —
N Phase Space File ;/ . \\ L Phase Space File
) [ Patient Q Patient Patient
-~ ] - i
)
UNIKLINIKUM 54 UNIKLINIKUMS,
TPS — Phase Space Files (3) TPS — Beam Model Commissioning
= PDD Data Commissioning:
= Gamma Criteria (2mm, 2%)
o Apal Y g = |
* Diameter 4,5,6,7,8,9,10cm § e pustie
£
All PDDs within specification (<90%) %
Only small deviation on the surface & “
5 » “ P e
Abb.: PDD/D10/12MeV
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)
UNIKLINIKUM UNIKLINIKUM
A o e wosootes o |
TPS — Beam Model Commissioning g S TPS-CT
.1
% " : = CT Conversation Table (CBCT)
= Profiles (CP/IP) Data Commissioning: £ | = HU Density Correction (Based on histograms, depends on imaging volume, FOV and energy)
= Gamma Criteria (2mm, 2%) L | ! = Electron Density Correction - clinical used presets measured
= 4,9and 12 MeV ol 7 = >/ ¢ = Discrete CT Table (example) for tissue characterization
= Diameter 4,5,6,7,8,9,10cm [mm] T
g | Soasnesvrnce
e ™7 E PB_DE0BO.00ES_WPYIL0D
& wC osasnangs wPriLon
[ The verification shows deviations outside g = |
the beam & o
i
g8 74
Small deviation at the surface profiles, = | P
deeper profiles are within specifications e e . )
[mm]
) )
UNIKLINIKUM UNIKLINIKUM
TPS — CBCT discrete HU Table
Clinical Aspekts
= Clinically measured HU values (breast tissue, 90% Dose Volume)
= Patient A (HUAvg = -38HU) Patient B (HUAvg = -80HU)
) )
UNIKLINIKUM UNIKLINIKUM
Clinical Aspekts: Metal Artefacts Clinical Aspekts: Metal Artefacts — paddings with

metalweaving

*
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UNIKLINIKUM

Clinical Aspekts: Patient Positioning - Armholder

= flexible arm holder (metal components)
= Radiolucent table components

UNIKLINIKUM

Clinical Aspekts: Collision Avoidance — sterile drapes

TOF Laser detect every obstacle (soft drapes)

UNIKLINIKUM

Clinical Aspekts: Comparison US vs. 3D Measurement

Clinical Aspekts: Tissue within the tube

UNIKLINIKUM

+5% (2cm)

UNIKLINIKUM

Clinical Aspekts: Artefacs - Tubes

= Short Tubes — reduced absorbing material results in reduced artefacts

= FOV located near the isocenter

= tube axis not parallel to the image plane

Future Perspectives

UNIKLINIKUM
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UNIKLINIKUM S/

Future perspectives — Software integration and Data
exchange

UNIKLINIKUMSAL ZBLIRC

Future perspectives — Energy Mixing

»
%
Yes Mo mmo -5+
&0
Plan 0 o 12 oy
o e e E %
ity 1 5 5o
8
8
0
o 660cm omm
™ / N
5 . - 20 9 Mev
\\\/ ) N Dia ) mm Thickness® ZT‘,T,"S
MwL | Mosaiq (Elekta) Radiation Protocol by \
od | Dmax(Mix) = 12.0mm
kne: 0 10 20 3, oeptBirm * 60 70 80

UNIKLINIKUM S/

Future Perspectives — Absorber/Doseblocker

UNIKLINIKUMSAL ZHUIF

Conclusion

The learning and training process is just at the beginning and there are new
improvements in the process every day.

We are convinced that image-guided IORT will set new standards in
radiotherapy!

Thanks for the attention
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Quality Assurance in Intraoperative Radiotherapy

2022 ISIORT Meeting

Gy

(ISIORT

INTERNATIONAL SOCEETY of
INTRAOPERATIVE RADIATION THERAPY.

S. Andreoli (), A. Ciabattoni @, C. De Angelis 3, M.C.
Leonardi @), L. Menegotti ), M. Pimpinella ), A. Rosi @

) Fisica Sanitaria, ASST Papa Giovanni XXUll, Bergamo.
@ Radioterapia, Ospedale San Filippo Neri, ASL Roma 1, Roma

The James

(O T oo s U

2022 International Society

O Servizio Grandi Strumentazioni e Core Facilities,

Istituto Superiore di Saniti, Roma

@ Radioterapia, Istituto Europeo di Oncologia, IRCCS, Milano
© Fisica Sanitaria, Ospedale Santa Chiara, APSS, Trento

© Istituto Nazionale di Metrologia delle Radiazioni lonizzanti,
ENEA-INMRI, Roma

7 Centro Nazionale delle Tecnologie Innovative per la Salute
Pubblica, Istituto Superiore di Sanita, Roma

of Intraoperative Radiation Therapy (ISIORT)
Thursday, Oct. 20 and Friday, Oct. 21

The James Cancer Hospital and Solove Research Institute
460 W. 10th Ave.
Columbus, OH 43210

Quality Assurance in Intraoperative Radiotherapy
Antonella Ciabattoni, MD

Radiation Oncologist

U.O.C. Radiotherapy

San Filippo Neri Hospital, Rome

Antonella Ciabattoni, MD

Radiation Oncologist

UOC Radiotherapy

San Filippo Neri Hospital, Rome, Italy

=
ltalian  Legislative =~ Decree  101/2020: ‘ }.l,s I”O R.T ‘
ion of the E Dil 13/59 on
heanh protection of people agannsl the dangers of
diation related to medi

DIRECTIVES

‘ COUNCIL DIRECTIVE 2013(59/EURATOM
of 5 December 2013
laying down basic safety standards for protection against the dangers arising from exposure
1o iovising raduion, and repealing Direcives 89/618 Eratom, %06 [Euatom; 96[29/Euratom,
97/43/Euratom and 2003/122/Euratom

Quality Control is part of the Quality Assurance R
g A series of activities (programming, coordination, implementation) aimed at

maintaining or improving Quality, which is 0 guarantee that all steps

together will arrive at the final and best outcome.

It includes:

Monitoring, evaluation and maintenance at the required levels of the
characteristics of the equipment that can be defined, measured and controlled
Definition of planned and systematic actions aimed at ascertaining with
reliability that a system, component or process will function satisfactorily in
accordance with established standards

Verify the actions

Quantify the results

Key components are: guidelines, specialization and multidisciplinary approach
- - [ —

The Istituto Superiore di Sanita is the main technical and
scientific reference structure of the Italian National Health Service

SET,
CLERY

APPROVED

Continuous Quality Improvement

The PDCA process represents the Quality Cycle:
PLAN corresponds to the choice of the topic, definition of criteria and
indicators, design and execution of the study;

DO corresponds to a limited initial intervention;

CHECK tverify the results of this first intervention > If successful....
ACT corresponds to the extension and generalization of the intervention
Q Study Groups
Q Working Groups |,

The activities of the Study Groups and the
Worklng Groups established from tlme to

tin jfic topics as
) 1§ e fts
Multidisciplinary Board [
Clinicians, 1 i
Medical Physicists P e
Radiation Technologist '\ W 2003
Nurses (,,} —c

Identify areas concerning special techniques, requiring
& | the development of dedicated recommendations.

The Study Groups promote the initiative which is carried
out through the involvement of all the Centers with
greater expenenoe in the sector (Working Groups).

Why update the ISTISAN 03/1 Report?

The new diseases traatable with lhe IORT tschmque

is rich in

|CistoRT]

g, and efficacy of IORT as an integrated treatment
in ms therapeutic strategy of the cancer patlsnr for this reason, since 2016 the guidelines of the National
Comprehensive Cancer Network (NCCN) have mcorporated this moda//ly in the treatment ofmany types of cancer
(NCCN http://www.nccn.org). Neoplasms of the stoma anc a

recurrence is the main cause of failure, have been lhe sub]ec{ of numerous c/lnlcal studles The lung -term results
confirm a certain impact on local control, which is generally associated with better survival. New fields of
application are cancer of the hreas g

The new dosimetric requirements

The of the physical of the electron and photon beams used for IORT requires an accurate
initial y and itorir ing to quality that must refer to international
The p. to be followed durmg the executlon of the IORT and the documentation must

Increase in the number of Operahons Centers
In 2003 in Italy there were 17 operating Centers with the IORT technique. To date (census 2016-2017), the
Centers that have the equipment to perform IORT are 50, 33 of them working. Most of the Centers (n. 29) provide
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iality assurang Summary (max 150 words) ORT EXTENDERS REVIEWERS
in intraoperative radiotherap - c. Castello, Perugia
" . Michee Avaazo S Py St o Ao Onclsc, RO, RECS. Rocchina Caivao U0 Raditerapia Oncologia ¢ Fisica Saniaria, CROB, IRCCS, Rionero in
Update of ISTISAN Report 03] In recent years the number of lalian Centres performing InraOperative Radiation Therapy (IORT) treatments has had a N ot e
large growth, going from 17 Centres atthe time of the frst report in the serics Rapporti ISTISAN in 2003 to the 50 Centres Fordens Francesco Caruso Responsabile UO Clirurgia Oncologica Himanitas siuio Clinico Catanese,
Lo e Argls e v CraaeaLocnra | r€purted i survey of 2016, This document i the revised version of the previous one afler more than ten years of [ORT Federicn Catand iy 8 S, s Bapes Ol 10,1205 —— ggc-’"g;,:;'g;{jg;ﬂ';; e ———
o Mensgeth (€)Mt inpneta (0 clinical activity in most of the centres surveyed. It illustrates the “global philosophy” of Quality Assurance in IORT, i ;“S‘,j’;f;3751;;,,;',’,‘:;‘;:’;5;"‘1':,‘”f,;,;:’:;‘,"‘;ﬁiiif:”:;m Patizia Comacchione  Radioterapia Oncologica - Policlnico Universitario A. Gemelli RCCS
s ST o cinn i S taking into account both clinical and technical, physical and dosimetic aspects. With a consolidated experience n the 50C Oneslogo kot i e Preidente AITRO
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Clinical Issues of the Update |ISIORT|

In recent years, the role of the IORT in integrated therapeutic

e . ’ strategies has become increasingly defined.
ectum locally advanced, soft tissue sarcoma, gynaecological tumors, : The clinical advantages are mainly the following:

§ reduction of irradiated volume by direct view

§ exclusion of dose-limiting structures by surgical mobilization and/or direct
shielding and/or the use of appropriate electron or photon energies

§ increase of the local radiation dose by sterilization of the microscopic
component of disease

g early irradiation of possible residual neoplastic cells in the operating field

Topics of the Update

= Dosimetric aspects: reference and non-reference conditions, acceptance
and commissioning, quality control, in-vivo dosimetry, Monte Carlo
simulation code;

= Radlation protection issues

= FMEA risk analysis

= Health Technology Assessment (HTA)

= Practical and Organisational aspects

= Geometrical and dosimetrical critical issues in IEORT

biological obstacle to neoplastic repopulation (fluids)

The report discusses the indications, the technique and the results of the
literature per district (justification and appropriateness of the IORT treatment)

(lSIORT A2. Informed Consent ‘ <IS|0 RT ‘

Geometric and Dosimetric Issues of the Update APPENDIX A
Practical and technical-organizational R
Physical-dosimetric aspects of IORT, such as treatment optimisation aspects of IORT o,
and radiation protection of operators, have been deepened. e
Concerning the IOERT, major revisions refer to:
¥ reference dosimetry; with specific rec dations for an appropriate use of ionizati A1. Treatment Report
chambers in high-dose-per-pulse electron beams
» dosimetry under e conditions, with indications for detectors characterisation, A2. Informed Consent At
and output factors and correction factors determination
» gies to define an appropriate (and stable) geometric treatment set-up
¥ implementation of an effective in-vivo dosimetry programme -
¥ identification of geometric and dosimetric critical issues and implementation of strategies to s ? R

The Follaming isan sample of e =ormal consent e,

mitigate them
» llrp/emenlallon of a periodic quality control on quip and

Nasoe and sursame of paies Name and sienams of physiciaz
i teignatars)
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to maintain the quality fards in the p e
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APPENDIX A <iS|ORT arpenpixa | A3. Critical issues and considerations on Electron Beam IORT (lS[URT
Practical and technical-organizational " . . . Practical and technical-organizational A3 2 Dos"‘“e'"c cfnlcal |ssu°s
wrectsof1ORT | A3, Critical issues and considerations on Electron Beam IORT speet of R : :
A3.1 Geometric critical issues: - High doses delivered in a single session
- Positioning of the applicator - High doses per pulse generated by some types of
- Positioning of the internal shields and evaluation dedicated accelerators
of target volume thickness - Treatment beam energy selection
- Use of applicators that must mantain the same
physical characteristics over time
- Use of internal shields having a high atomic
number
- Output reproducibility on the day of the it
- In vivo dosimetric e
verification Fauo o
ﬂvklmvuhm'uﬂlulmw!-llr:dli - ——
¥ courtesy of S. Andreol
chest wall protection
By courtesy of 5. Andreoli By courtesy of M. Severgnini T

APPENDIX A <|S|0 RT B Appeldlis ‘ <| SIORT ‘

Practical and technical-organizational
aspects of [ORT Main indications for quality assurance in electron and photon
IORT treatments

A4. PHYSICAL AND DOSIMETRIC OPTIMIZATION OF ELECTRON BEAM IORT
A4.1 Technical aspects Main indications for quality assurance in electron and photon IORT treatments
A4 .2 Organizational and Management aspects B1. CLINICAL ASPECTS

[+] - Organization
= - Treatment Planning
EEEm - Radiotherapy Treatment Procedure
mrum B
e . -Anaesthesia
- Surgical Procedure
il - Management of Emergencies
- Follow-up:
Gathering and Classifying Side Effects / Adverse Events
8 Appenaix (ISIORT © Appendix (ISIORT
e etons o ey e ey weamerts | B1: INDICATIONS FOR TREATMENT WITH ELECTRONS AND PHOTONS el nlestons o sty e ey weamarts | B1: INDICATIONS FOR TREATMENT WITH ELECTRONS AND PHOTONS
Clinical, histological, biomolecular and radiological criteria for the main disease
Clinical, histological, lar and radiological criteria for the main diseases SARCOMAS of SOFT TISSUES
BREAST i boost in with pre- or ive RT with or without chemotherapy both for the limbs and for the
- single dose. Refer to national and international guidelines (AIRO, ASTRO, ESTRO); retroperitoneum.
- boosts have broader indications because they include external beam radiation therapy. 37°":°“
PROSTATE jtional boost in with pre- (less or ive RT with or without chemotherapy
- excl '_ ! without my or i wiu_. peN'I:» andlor pelvic RT with external beams; GYNAECOLOGY Eea
=" " adjuvant r after radical ‘with pelvic additional boost in locally advanced/relapsing cervical cancer after pre-operative radio-chemotherapy;
- treatment of relapses with or without external beam pelvic RT. re-treatment (adjuvant or exclusive) after previous external beam RT in multi-modal retreatment programs with or without
PANCREAS chemaberedy:
g . ) ) . ' BONE METASTASES
- boost in with external beam RT with or without chemotherapy;
R 5 & A h ooy KYPHO IORT (only photons).
- single dose with a ic-palliative objective in i SPECIAL SITUATIONS
RECTUM IORT in pregnancy (in the case of treatment with electrons)
- it boost in i after i dio- Feasible in selected cases in the second trimester of pregnancy, estimating beforehand the dose to the foetus and and
- ti boost in i in the o of R1-R2; performing an in vivo dose assessment.
- re-treatment after previous RT with external beams in mutti with or without IORT in the presence of CIED
Feasible in selected cases estimating beforehand the dose to the device, planning a treatment set-up such as to maintain the
minimum safe distance between the field edge and the device, and then making an in vivo dose assessment, if any.
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A ‘/ iSIORT‘
Main indications for quality assurance in electron and photon CONCLUS'ON \ e
R treatm * The revised document defines the state of the art of the -
B2. PHYSICAL AND DOSIMETRIC ASPECTS IN ELECTRON IORT BOoRkenly A splontione: st sk o el ot iasporona
+ Physical and Dosimetric Aspects available today fosomaninio e Tgparo STk
+ Dosimetry in reference conditions = With a well-established exp: in el hnology
» Dosimetry in non-reference conditions (IOERT) and the most recent acquisitions in photon
* In Vivo Dosimetry technology (kV-IORT), the organizational phases and
« Quality Control operating procedures of the IORT are described
= The document is easy to consult and provides useful
B3. PHYSICAL AND DOSIMETRIC ASPECTS IN IORT WITH RX operational guid: for the impl of the IORT

practice

anskalicpecs ! It has been shared by all the Italian Radiotherapy Centers,
Commissioning Medical Physics Services and Scientific Associations most
IN VIVO DOSIMETRY 1P involved in the IORT practice
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IORT in Pancreatic Carcinoma

Eric Miller, MD, PhD
Associate Professor
Department of Radiation Oncology

Eric Miller, MD, PhD

Associate Professor

Department of Radiation Oncology
The Ohio State University
Columbus, Ohio, United States

Outline

Challenges in treating pancreatic cancer
Role of RT
RT dose escalation in pancreatic cancer
IORT in pancreatic cancer
Early experience with IORT
IORT in resectable disease
IORT in unresectable disease

PACER
Conclusions

Challenges in Treatment of Pancreatic Cancer

Incidence of pancreatic cancer is 7500 Cases

on the rise: sas0

Deaths

Globally, the number of deaths 5 |
and cases have more than 250
doubled from 1990-2017. é 37500
5 w0
4th leading cause of cancer- - =
related death in the U.S. 50 ‘fr,.
For all stages combined, pancreas ;;;:
P:tzthe lowest 5-year survival FEE3EEEEREZEEEEERELE

Surgical resection remains the only curative modality:
Most patients (~80%) present with locally advanced disease
where resection is not possible or have metastatic disease.
Pourshams et al. Lancet Gastro 2019;4:934.
Siegel et al. CA Cancer J Clin 2022;72:7.
Patel et al. Ann Surg Oncol 2021;28:4101.
Hu et al. World J Gastro 2021;27:42¢

31 Trace Secrt, Confisata, Propristary, Do Nt Copy | O

Treatment of Borderline Resectable or Locally
Advanced Disease

Neoadjuvant chemotherapy is
the mainstay:
Facilitate margin negative
resection.
Early treatment of potential
micrometastatic disease.

Consider RT for those with an
inadequate response to initial
chemotherapy.

Suker et al. Lancet Oncol 2016;17:801
Janssen et al. Front Oncol 2020;10:41
Murphy et al. JAMA Oncol 2018;4:963.

0 meorosn v

Treatment of Borderline Resectable or Locally
Advanced Disease

PREOPANC Trial: LAPOQ7 Trial:
Resectable/Borderline Resectable

4R, 103 355
Logran

0 3 & & & fs faom o2 21 o B
2 a 3w a 4 Time Sece the Firs. Randomization, me

0
Chemotherapy
"

6 1z .
Time Since Random Assignment (months) 136 108 0 17 Mo os 1 M 1
s 0 0 4 W 4 @ 7 & ¢ 104 106 109)

woRT 18 W W s w8 9 1

» oy
TR TP TR R T R TR TR
e sgery T e T @ W @ w3 2 W 'R E 8 omow s

% 100 105 108
No difference in OS by ITT. No difference in OS by ITT.
Preop CRT arm showed: CRT arm showed

Improved RO resection rate (71% Reduced locoregional progression

vs. 40%, P<.001) (32% vs. 46%, P=.03)

OS benefit in those w/ resection Longer delay to treatment restart

who received adjuvant chemo (35.2 (7.0vs. 3.7 m, P=.02)

vs. 19.8 =

& Uivensiry|

029).
Versteine et al. ICO 202038:1763. () T
Py 2015 Hammel et al. JAMA 2016:315:1844.

Local Control Remains a Challenge

Rate of conversion from

unresectable to resectable

disease remains low.
Unresectable disease and
margin-positive resection
both associated with poor
prognosis.

Locally destructive disease
may be the direct cause of
death in up to 30% of patients
based on autopsy series.

Konstantinidis et al. Ann Surg 2013;257:731
lacobuzio-Donahue et al. JCO 2009;27:1806.

0
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RT Dose Escalation for Locally Advanced
PDAC May Result in Improved Outcomes

MRI Linac:

Hypofractionated Ablative RT:
BED,,> 70 Gy

BED,, = 98 Gy

]

veral s
g

d a
T 0 0 1 “
i n 1 i Timesince radation, mo
Mot W arish
a m o n .
Hondoss n u P " i
st o = W T i H

High-dose showed improved OS
compared to low-dose (49% vs. 30%,
P=0.03)

Trend for improvement in 2-year
freedom from local failure in the high-
dose group vs. the low-dose group (77%
vs. 57%, P=0.15),

Median OS from RT was 18.4 months.
24-month cumulative incidence of
locoregional failure was 32.8%.

Rudra et al. Cancer Medicine 2019;8:2123.
Reyngold et al. JAMA Oncol 2021;7:735.

‘Tae Onto STare UNrvERsITY|
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IORT - Optimal Method for Dose Escalation in
PDAC

.* ’l#‘

COLUMATOR

cm 15¢

Calvo et al. Radio & Oncol 2020;148:57.

Tk Onto STaTE Univgsi

dontial,Propiotay. Do Nol Copy | OSU Wemer Medical Cortor ©2018

Early Experience with IORT in PDAC

Stage IV PDAC

Nishimura et al: o
70 patients treated with I
multimodality therapy for PDAC: g I =~ Control l6cases.
33 received IORT: = 7 —— 1or trceses

20.1-40 Gy with 8-25 £
MeV electrons. 3

Of those with pain, 70% T

experienced improvement. @ L 1

Improved OS observed in those - ‘j L

with Stage IV disease treated a0 ‘L

with IORT (4.6 months) vs. i

control (2.5 months), P<0.05. ug)‘iJ—f;_“_T

Observed period (mos.)

Nishimura et al. Cancer 1984;54:2375.

‘Tue Outo StaTe UNvERSITY |

o 1 Trsde Sacre, Corticent, Propetary, Do Not Copy | OSU Wesmer Wil Certer ©2018 i

IORT in Resectable Pancreatic Cancer

Valentini et al. ISIORT-Europe

Overall Survival
Experience:

10
270 patients treated with surgery i P<0.0001
+ IORT (7.5-25 Gy):
24% received pre-op EBRT. o8 ERT post
40% received post-op EBRT.  § | ERT pro
. . ERCTEEN only IORT
36% received IORT alone. :
47% of patients underwentR1 or  §
R2 resection. § o4 Median: 30 m
@ ]
5-year local control (LC) was L )
23.3% with median LC of 15 oz | Median:22m
months Median: 13 m
5-year OS was 18% with median 00
OS of 19 months. [ 50 100 150 200
No grade 3 toxicities reported. Time

Valentini et al. Radio and Onc 2009;91:54.

Tk O STaTE UniveRsiTy

b | Trose Secrl, Confidoia, Propristary, Do N Copy | OSU Wexnor Mcical Corter 2015 e

IORT in Resectable Pancreatic Cancer

Calvo et al:
60 patients treated with

chemoradiation + surgery + IORT 16
(10-15 Gy): r}._.—._

68% received post-op CRT.

Locoregional Control

2

b
- |
R1 resection performed in £ i
~40% of both groups, P=0.77. § L. — -
5-year OS was 20%. E L — solotsr“;-p _N=31
5-year locoregional control was §u "
58%. H L
On MVA, margin resection status 8 |  ~ )
(HR=3.0, P=0.05) and no IORT i
(HR=6.75, P=0.01) were
associated with higher "
locoregional recurrence. P = s R e
Perioperative complications were
similar in IORT and non-IORT Moaths

~439
groups, ~43% grade 3. Calvo et al. Pancreatology 2013;13:576.

‘Tue Outo Stare UNvensiTy |

IORT in Resectable Pancreatic Cancer

Progression-Free Survival

Harrison et al. MGH Experience
with borderline resectable and
locally advanced PDAC:

86 patients treated with
neoadjuvant FOLFIRINOX—RT
—8urgery+IORT (10 Gy).
Local recurrence rate of 12.7%.
Median PFS was 21.5 months.
Median OS was 46.7 months
Overall postoperative

Progressicnr-free Probability

complication rate was ~25%; s § . § .
major (Clavien-Dindo IlI/IV) o ] u 3% a5 )
complication rate of 13%. Manths Since Surgery
o
10K auly w w1 ) ] '
Tt % 2 m w o w \

Harrison et al. Ann Surg Onc 2020;27:1400.

0 TSt v
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IORT Mitigates R1 Resection

Overall Survival Overall Survival

0
NelORT 10 ‘T“%\ JORT
o e o -
¥ 5mo (IQR 33-MR) **
T B s e N 6
z g ' A8mo (IQR 25.NK)
£ : T et
i - £
B h £
- RI:N=19
a2 T 0K 15351 0 —
— o (10R 3047
“ w ===
R [ -
05 froen disgnosis (months) OS fram diagnosis (monts)

MGH: 201 patients with borderline/locally advanced PDAC treated with
FOLFIRINOX—RT—Surgery+|ORT.

For patients with an R1 resection, receipt of IORT showed a trend for
significance for improved OS (37 months vs. 21 months, P=0.064).

Sekigami et al. Ann Surg Onc 2021;28:4592.

) oS avinars
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IORT in Resectable Pancreatic Cancer

o atient Number | IORT Dose | EBRTDose | Systemic |\ oo [Median Overall
7 ) Range (Gy) | Range (Gy) | Therapy @ Survival
11.8%

Valentini EIONES) » Median local
IORT+EBRT,95  7.525 1861 concurrent with 19 months
(ISIORT-Europe) IORT alone) EBRT control 15 months
il 27 (23 (ORT+EBRT) 1020 45504  70%adjuvant 257 10c0regional g5 s
(lefferson) recurrence

210 (62 19% concurrent
83;:’:} IORT+EBRT, 148 20-30 2060 WINEBRT;46% 2YS0T 1.1 montns
I0RT alone) adjuvant :
100% concurrent  5-year 5';’?'”";:?;‘”
calvo 29 10-15. 45-504  with EBRT;62% locoregional p:
(including no
adjuvant  control 92.2% s

100% received
O 86 (all treated with 504-58.8 0 ° 12.7%local
(MGH) EBRT+ORT) 10.2 (mean) SBRT n::dlm?‘ recurrence rate 467 months.

Abbreviations: EBRT, external beam radiation therapy; Gy, gray; IORT, intraoperative radiation therapy;
SBRT, stereotactic body radiation therapy

Valentini et al. Radio and Onc 2009;91:54.
‘Showalter et al. Ann Surg Onc 2009;16:2116.
Ogawa et al. IIROBP 2010;77:734.

Calvo et al. Pancreatology 2013;13:576.
Harrison et al. Ann Surg Onc 2020;27:1400.
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IORT in Unresectable Pancreatic Cancer

Mohiuddin et al. (Jefferson): Overall Survival
49 patients treated with -
surgery+|ORT—CRT—5-

FU maintenance. "
IORT: 15-20 Gy "

EBRT: 40-55 Gy

Median OS of 16 months;
2-year OS of 22%.
Freedom from local
progression achieved in |
71% of patients. ¢ " " - o
Early G3/4 toxicity in 14%,

late G3/4 toxicity in 19% of

patients.

Burstvat

Mohiuddin et al. JCO 1995;13:2764.

(0 m oS tavinars
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IORT in Unresectable Pancreatic Cancer

Ogawa et al. (JROSG).

144 patients treated with IORT
(median 25 Gy) + EBRT 1
(median 45 Gy):

79% received IORT+EBRT.

45% received adjuvant

chemotherapy.
2-year local control rate in all
patients was 44.6%.
Improved 2-year local control
observed in patients receiving
IORT+EBRT vs. IORT alone
(50.9% vs. 17.5%, P=0.0004)
The median OS for all patients .
was 10.5 months; 2-year OS of
14.7%. Months
Late grade 3 Gl toxicity was
reported in 1.4% of patients.

Probability of LC ard PFS

Ogawa et al. IJROBP 2011;80:111.

Tk O S1aTE UnivaRsiTy
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IORT in Unresectable Pancreatic Cancer

Overall Survival

1ORT by
HORT nd rescction

Harrison et al. MGH Experience
with BR and LA PDAC:

46 patients treated with
FOLFIRINOX—RT—IORT
alone (15-20 Gy).

Local progression in 15% of
patients.

Median PFS was 14.7 months.
Median OS was 23 months.
Overall postoperative

Overall Survival Probability (%)

complication rate was ~20%; = e
major (Clavien-Dindo III/IV) 0 12 M % 48 s 1 B
complication rate of 4.7%. Time Since Diagnoss (rsonths)
No sk
10T any P
ORTadiecion 8 T @ 13 3 3 11

IORT in Unresectable Pancreatic Cancer

Median
Study jent Number | IORTDose | EBRTDose |  Systemic |\ .., coniro) Overall
Range (Gy) | Range(Gy) | Therapy e

100%

Tepper concurrent with

sl 51 1520 504 ra" Notevalusted 9.0 months
adjuvant
100%
Mohiuddin concurrentwith  31% local
(efferson) B 20 R EBRT; 100%  recurencerate 100 Months
adjuvant
Ogawa 144 (113 69% concurrent  2-year local
preollll (ORTEERT, 51 12:35 14508 WihEBRT,  contolrate  10.5months
IORT alone) 45% adjuvant 44.6%
247 (20 32% concurrent
Chen IORT+EBRT, 157 10-20 3640 with EBRT, 2 Ve joeel WP‘,:S 9.0 months
IORT alone) 35% adjuvant

, 100% received
ison 46 (all treated with 50.4-58.8 or 15% local
15 (mean) neoadjuvant 23.0 months
(MGH) EBRT+IORT) SBRT et recurrence rate
Abbreviations: EBRT, external beam radiation therapy; Gy, gray; IORT, intraoperative radiation
therapy; PFS, free survival; SBRT, ic body radiation therapy

Tepper ot al. LIROBP 1991;21:1145.
Mohiuddin et a. JCO 1995/ 13:2764.
Ogawa et al. LIROBP 201180111,
Chen et a. Medicine(Baltimore) 2016;95:04861
Hartison et al. Ann Surg Onc 2020:27:1400.
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PACER (Pancreatic AdenoCarcinoma with
Electron Intraoperative Radiation Therapy)

Exploration
with
I0RT

DM A w—@0Om=D

Pl: Ted Hong, MD; 7 sites — Georgetown, MGH, Mayo (MN,FL), OSU,
UCI, UNC.
Primary Endpoint: 2-year OS post-IORT.

Planned for 100 borderline resectable patients; 100 locally advanced
patients.

) oS avinars

o 1 Tr2do Socro. ontenial, Propristary. Do Not Copy | OSU e

Conclusions

Local control remains a problem in pancreatic cancer:
Systemic therapy continues to improve resulting in better
control of distant disease.

Local progression can result in substantial
morbidity/mortality.

Current data suggests that RT dose escalation results in
improved local control and may improve OS in patients with
locally advanced disease.
IORT is an effective method of delivering a higher dose to the
tumor or post-op bed while minimizing dose to adjacent normal
tissues.
For resectable disease, data suggests that IORT may
improve local control and mitigate an R1 resection.
For unresectable disease, data suggests that IORT may help
prevent local progression and potentially impact OS.

PACER continues to enroll — we need additional prospective
clinical trials!

Tk Onto STaTE Univgsi

20 1 Trade secre

fidantil, Propritay. Do Not Copy | OSU Wener Mecical Certer ©2013

Thank you!

wexnermedical.osu.edu

Eric.Miller@osumc.edu
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Mayo Experience of IORT in Rectal Carcinoma Michael Haddock, MD

Professor

Department of Radiation Oncology
Mayo Clinic

Rochester, Minnesota, United States

MAYO

AR IORT for Rectal Cancer: | | Disclosures
@Y Mayo Clinic Experience

*None

ST . Michael G. Haddock, M.D.
- ISIORT Oct 20,2022, Columbus, Ohio

Learning Objectives IORT History

* Discuss Mayo Experience with IORT for
colorectal cancer

* Indications and rationale Comas C., Prio A. Irradiation roentgen
* Techniques intra-abdominale ,aprés intervention

+ Outcomes and toxicities chirurgicale dans un cas de cancer de
« Future directions I'uterus, Congres International
d’Electrologie .Imprenta Francesca
Badia,Barcelona,pp 5-14, 1907

Tumor control probability
Radiobiologic Axioms

« Surviving fraction of tumor cells is a function of
radiation dose

» Functional radiation effects in normal tissues is
related to dose

» The dose needed to obtain tumor control
depends on the number of clonogens and may
not be achievable in all cases with acceptable
normal tissue effects

Fi. 1.—lrradiation of cancer of sigmoid (abdominal approach).
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Radiation Dose Problem

*» Dose needed for local control:
« Complete resection: 50 Gy
* Microscopic disease: > 60 Gy
* Gross disease: > 70 Gy

» Small bowel tolerance: 100 cc
« Ulcer, stricture, perforation, obstruction
* 45 -50 Gy: 1-5% risk at 5 years
» 55 Gy: 25-50% risk at 5 years

IORT
General Rationale

« able to treat small volume of tissue within
IORT boost field

« can limit dose to sensitive normal organs
such as small bowel

« can increase effective radiation dose

“Unresectable” Cancers
(i.e.fixation to critical structures)

“Unresectable” Colorectal Cancer

Microvascular Radiation Effects
B

N W & @ @
8 8 &§ 8 8

Percent apoptotic cells

S

[} 7 1 13 15 17 25
Dose (Gy)

Fig. 4. Radiation effects on microvascular en-
dothelial apoptosis. Radiation induces micro-
vascular endothelial apoptosis in tissue ex-
plants from asmase*/* but not asmase™~ mice
harboring MCA/129 fibrosarcomas. (A) Tumors
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Vascular component of XRT response

Single Dose Radiation (>8-10Gy)
Endothelial Membrane
Alterations
M
asmase
AsMase ||l veGr
bFGF
Ceramide

Endothelial Apoptosis
Fumor Call [Nicrovascular
Dama Dystunction

Tumor Cell Death

Tumor Response

Recurrent Rectal Cancer
Flap Recurrence

« 54 yof fixed rectal cancer
» 5580 cGy: unresectable

» To Mayo: resection + IORT 15 Gy
» Rectus abdominus flap

* 14 months later: recurrence in flap

Mayo Clinic IORT Program

* Rochester
»1981: IORT in rad onc department

+ 1988: dedicated OR suite with refurbished
linac

= 2022: 2" |ORT (mobile electron unit)
* Phoenix: mobile electron unit in OR

» Jacksonville: mobile electron unit OR
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IOERT - Mayo

Applicator Fixation

IOERT - Mayo

Linac — Hard docking system

IOERT Cases — Mayo Rochester
April 1981 — Sept, 2022

Qs
128
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Site Primary Recurrent  Total
Gl 494 1087 1581
Soft tissue/bone 583 379 962
GYN 46 276 322
GU 15 65 80
Head and Neck 14 33 47
Miscellaneous 14 20 34
Total 1166 1860 3026

IOERT Cases — Mayo Rochester

April 1981 — Sept, 2022
Site Primary Recurrent  Total
Esophogogastric 43 17 60
Small bowel 33 13 46
Hepatobiliary 26 7 33
Pancreas 130 14 144
Colon 55 261 316
Rectum 214 740 954
Anus 17 41 58
Total 494 1087 1581

MAYO,
INiC



Speaker presentations

Mayo Experience of IORT in Rectal Carcinoma

Advanced Primary Colon Cancer

Locally Advanced Colon Cancer
Mayo Clinic Results

50 %

RO resection 10% ~30% 66
R1resection 18 54% ~57% 47%
R2 resection 35 79% ~68% 23%
p<0.0001 p=0.002 p=0.0009
EBRT>50Gy 73 36% - 50%
EBRT <50 Gy 30 50% = 45%
p=0.18 p=0.16
R1-2 + IOERT 9 11% ~12% 76%
R1-2,no IOERT 44 82% ~76% 26%
p=0.02 p=001 p=0.04

Schild, Red Journal

Primary Colon Cancer
IOERT for subtotal resection

=

1.0

0.9—

0.8 —1 XRT+IOERT
0.7 —

0.6 —|

Survival o‘.s - p=.04
0.3 —| XRAT

Time (years)

Schild, Red journal 37:51, 1997

Locally Advanced Rectal Cancer

Selected Series
At et e |

Willett, MGH? 20 1978-1989 50.4 RO 10-20 88% - 53%*

Valentini, 29 1991-2006 45-55 RO 10-15 100%

Rome2®

Alberda, 31 1996-2012 45-50%* R1 10" 84%

Rotterdam?’

Zhang, 71 1994-2007 45-50.4 RO-1 10-20 90% 54% 75%

Shanghai?®

Sadahiro, 99 1991-2001 20 ns 15-25 98% 20% 79%

Japan?®

Mathis, Mayo 106  1981-2007 50.4 RO-2 7.5:25 86%" 449%™ 49%

Clinic?

Roeder, 243 1991-2004 41.4 RO-2 10-15 92%

Heidelberg®®

Sole, Madrid®! 335  1995-2010 45-50.4 RO-1 10-15 92% 25%***  75%

Kusters, 605  to 2005 45-50.4 RO-2 10-12.5 88% 29% 67%

European

pooled3?

T4 Rectal CA — IOERT Pooled Analysis, MCR-CHE
Survival Outcomes vs Radicality of Resection-417 pts

Relapse free survival Overall survival

10] o
087 08
064 06
044 04
02 024
P<0.0001 p<0.0001
o 00
T T T T T T T T T T T T
o 12 24 6 48 &0 ] 12 2 36 48 60
months

RO resection

R+ resection

T4 Rectal CA — IOERT Pooled Analysis, MCR-CHE
Relapse Outcomes vs Radicality of Resection — 417 pts

Local recurrence rate is free survival rate

10 1,04
R+ resection
o5 RO resection o
06 0,64
0.4 04
ol p<0.0001 | ;.| p=0.001
0,04 0.0
T T v T T T T T T T T T
0 2 24 3 a5 60 a 12 F2) 36 43 60
months
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%

T4 Rectal CA, IOERT Pooled Analysis, MCR-CHE

3-year Local Relapse vs Waiting Times, RO/R+ Resection
100

90
80
70
60

20
, i
[

no 0-2 34 56 7-8 910 11112 =12

PreOP  \yeeks waiting time from preop therapy to resection/IOERT
therapy

RO
HR+

Recurrent Rectal Cancer

* 29 yof with T3N2 rectal cancer at 12 cm
* LAR, 9 of 26 nodes +, margins —
» 6 months of 5-FU + leucovorin

« 1 year later: anastomotic and presacral relapse

IORT Case

Recurrent Rectal Cancer

* EBRT 5040 cGy in 28 fxs with 5-FU

* Proctectomy with coloanal anastomosis
* R1 resection

* IOERT 1500 cGy, 6.5 cm cone, 9 MeV

IORT Case

Recurrent Rectal Cancer

« J-pouch fistula requiring resection and
permanent colostomy at year 5

« Stress urinary incontinence
» NED at 10 years
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Overall Survival Disease Control - Recurrent Colorectal Ca
Recurrent Colorectal IOERT

Endpoint CC LC DC
crude 87% 74% 51%

Survival 1 year 9% 92% 78%
median 36 months 2year  90% 80%  56%
100 1 year 90% 10 central control 5 year 82% 62% 38%
2 year 70% 10year 78% 57% 36%
80 5 year 30% 80
10 year 16% local control
60 60
Survival Disease
(%) Control 49
. ) .
distant control
20 20
0 : : - - —
o 3 5 7 10
Years
IORT Results — Recurrent Colorectal Ca IORT Results — Recurrent Colorectal Ca
RO resection R1 resection
) Study EBRT | IORT IORT | 5-yearLC | 5-yr DM | 5-yr OS
Seris # EBRT IORT  sys IR N A P e i e
(Gy) (Gy) (%) (%) Alektiar, 21 504* 1018 IOHDR 26% E 11%
MsKce
Vermaas 2005 17 50 10 45 (3yr) 65 Wiig, Norway 29 46-50 15-20 I0ERT 50% - 20%
Alektiar 2000 53 4550 10-18 36 57 Eble, 9 414 1020 IOERT 67% 3% 33%n
Abuchaibe 2000 8 40-50 15 29 50 Heidelberg™
Dresen 2008 84 30-50 10 59 (3yr) 25 Dresen, 34 50.400 125 I0ERT 29% 69%  27%
Lindel 2001 25 50 10-15 40 44 Eindhoven™*
Eble 1998 14 414 12-20 71(4yr) 21 Haddock, 224 504MmA 15 I0ERT 56%  62%  27%
Wiig 2002 18 46-50 15 60 30 Mayo Clinic
Valentini 1999 " 45-47 10-15 41 20 *50.4 in patients with no prior EBRT; no EBRT in patients with prior radiation
Haddock 2010 236 30-50 12.5 46 28 **4-year results
“4-year relapse free survival""30.6 Gy in previously iradiated patients
AAN5.39.6 Gy in previously irradiated patients
“+3.year results

IORT Results- Recurrent Colorectal Ca
R2 resection

Study EBRT IORT |5-year LC| 5-yr DM | 5-yr OS
dose, Gy | dose, G
Lindel, MGH 15 50.4* 15-20 12% - 13%
Eble, 8 41.4 10-20 60% 75% 25%"

Heidelberg™™

(i), 29 50.4An  15-17.5 29% 71% 24%
Eindhoven

Haddock, Mayo 156  50.4AAA 20 49% 73% 16%
Clinic

*20-50 Gy in previously irradiated patients
**4-year results

M-year relapse free survival

M30.6 Gy in previously irradiated patients
MA5-39.6 Gy in previously irradiated patients
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IOERT Related Neuropathy
Recurrent Colorectal Cancer

IOERT Dose

<1250cGy > 1250 cGy

any neuropathy 9% 21%
Grade 1 3% 7%
Grade 2 4% 10%
Grade 3 1% 4%

P =0.0003

LRRC - IOERT Pooled Analysis, MCR-CHE, 565 pts
Survival Outcomes vs Preoperative Treatment

Overall survival Cancer specific survival

p=0.001

0.4,{ 0.4]
0.2,] 0.2
No preop therapy
Re-(chemo)irradiation
00, Full course (chemo)RT 0.0]
0 12 24 36 48 60 0 12 24 36 48 60
months

LRRC — IOERT Pooled Analysis, MCR-CHE, 565 pts LRRC — IOERT Pooled Analysis, MCR-CHE, 565 pts
Relapse Outcomes vs Radicality of Resection Survival Outcomes vs Radicality of Resection
Local re-recurrence Metastasis-free survival Overall survival Cancer specific survival
1.0 4 H 1.0 1.0
038 H 08 P<0.0001 0.8 P<0.0001
P<0.0001
06 4 H 0.6 0.6
04 4 H 0.4 0.4.
—— RO
02 | J R0 02 02| —R1
—R1 —
P<0.0001 — R
0.0 | d 0.0] 0.0.
0 12 24 3 48 60 0 12 24 36 48 60 0 12 24 3 48 60 0 12 24 36 48 60
months months

IOERT for Colorectal Nodal Mets
Survival by amount of residual

Micro residual 38 pt
Gross residual 10 pt

1.0 7
0.97]
0.8
0.77]
0.67]
0.57
0.4
0.37]
0.27]
0.17]

Survival

IOERT for Colorectal Nodal Mets
Local control by residual

1.0 91%
097
0.8
0.77]
0.67]
0.57
0.4
037
0.27]
0.17]

P=0013 Microscopic residual 38 pts

47%

Gross residual 10 pts

Freedom from local failure
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IORT for Colorectal Cancer
Conclusions

 |ORT associated with improved disease control in
patients with locally advanced primary and recurrent
colorectal cancer

* |IORT likely has tumoricidal and vascular effects
« Gross total resection is key prognostic factor

+ |ORT dose = 15 Gy associated with more frequent and
more severe neuropathy

» Resection within 8 weeks of EBRT is best

+ Systemic therapy is key component of treatment

Case #1

» 70 yom with T4NO cecal cancer

» Resection with positive radial margin
* No adjuvant therapy

» Tumor bed relapse one year later

Case #1

Recurrent Colon Cancer

» EBRT: 5040 cGy in 28 fractions
» Concomitant 5-FU

» Resection: 3 nodular masses
« All gross disease resected
* IOERT 1250 cGy, 6 x 11 cm ellipse
« Ureter in the field

* 6 month 5-FU + leucovorin
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Case #1

Recurrent Colon Cancer

* NED at 8 years
* R ureteral obstruction requiring chronic stent

68 2022 INTERNATIONAL SOCIETY OF INTRAOPERATIVE RADIATION THERAPY (ISIORT) CONFERENCE



Speaker presentations

Combining Immunotherapy with Salvage Surgery and IORT
for Treatment of Persistent/Recurrent Head and Neck Cancers

Dukagjin Blakaj, MD, PhD
Associate Professor

Department of Radiation Oncology
The Ohio State University

HNSALYV Trial: Combining Immunotherapy with
Salvage Surgery and IORT for Treatment of
Persistent/Recurrent Head and Neck Cancers

Dukagjin M. Blakaj, MD PhD
Associate Professor
Associate Director of Clinical Operations
Director of H&N/Skull Base Division
Director of CNS/Peds & H&N IORT Fellowships
Department of Radiation Oncology

WENER MEDICAL CENTER

‘THE Or10 STATE Um!gin‘:
N

Background

Standard of care for locoregionally recurrent
head/neck cancer is surgical resection with adjuvant

therapy.
Local control after surgery alone is unaccep

low. Post-op chemoradiation has been shown to

improve LC and PFS.

Local failure remains the primary site of recurrence

and overall prognosis is very poor.

IORT may play a role in improving local control and

decreasing toxicity for these patients.

‘THE OHI0 STATE UN1gis ST
WoERMEDCA CETER W\~

tably

Randomized Trial of Postoperative Reirradiation Combined
With Chemotherapy After Salvage Surgery Compared With
Salvage Surgery Alone in Head and Neck Carcinoma

Frangois Janot, Dominique de Raucourt, Ellen Benhamou, Christophe Ferron, Gilles Daliver,
René-Jean Bensadoun, Marc Hamoir, Bernard Géry, Morbize Julieron, Marine Castaing, Etienne Bardet,
Vincent Grégoire, and Jean Bourhis

130 previously radiated patients with recurrent
head/neck cancer
Randomized to surgery followed by:
Observation
Chemoradiation
60 Gy with concurrent 5-FU and Hydroxyurea

‘THE OHIO STATE UNIjiit 17>

Dissase-Froe Sunival (%]

Overall Survival (%)

‘THE ORI STATE UNIgi 317>
\

Toxicity
S 24 8
- B 2 A § 8
R 3 3 2

assignment, RTOG grade = 3
Mucositis

skin

Subcutaneous fissues.

Larynx

Trismus

Ostsoradionecrosis.

Pharyngeal stenosis.

No. of patients

‘THE OO STATE Um!g;n‘:
WG MEDICAL CENTER =

Purposes of study

Conduct a retrospective review of our clinical
outcomes using IORT for recurrent head/neck

cancer.
Compare our outcomes to historical control

Determine if surgical margin status has a
significant impact on LRC, PFS, and OS.

‘THE OHI0 STATE UN1gis ST
WoERMEDCA CEER W

Is.
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Case Breakdown at The Ohio State University
from 2004-2015

Patient Characteristics

55 (90%) had recurrence, 6 (10%) had persistent

Total cases:99 disease
e
Tivilogs
Age Median 58 (range 26 - 86) Squamous 45(74)
Gener ‘Adenoid Cystc s®
Male 39 (64) Carcinoma am
Upfront: 38 Female 206 Sarcoma 39
20)
Frimary deresie
ot e Ex pleomorphic adenoma s
Onal cavity 1006 el
Sinonasal 10(16) Margins
Laynx 005 Posiive 28 (46)
Salivary 2an Negative 274
Unknown primary 5@) Unkown 6310
- 9 Ferineural imvasion
i ” s Present 202
Hypophanyn o Yoot T
Unknown 2036
+ margin: 18 - margin: 21 TORT treatment sie Present Ban
Primary a6 Notpresent Ban
0 o sumufg Neck il Unknown, Tre BB raTE D srre
WEXNERMEDICALGENTER W WEXNER MEDICAL CENTER ‘7\:
Prior therapy IORT Prescriptions
Median dose was 12.5 Gy (range 10 — 17.5 Gy)
n Details
Surgery Iz Median # of surgeries: 1 FIB)
Average # of surgeries: 1.8 Dose (Gy)
10 29 (48)
Range: 1 -7 125 1200
15 17 (28
EBRT (one course) 54 Median: 66 Gy 175 3 25;‘)
Range: 25702 Gy Tnergy (MeV)
6 58(95)
EBRT (two courses) 2 72 Gy + 66 Gy o 20)
40 Gy + 52 Gy 12 1)
EBRT + IOERT 2 6 Gy + 15 Gy Tsodoselevel 00) P,
50.4 Gy + 10 Gy 100 20)
Fevel dlameter )
3 50
4 7a1
s 20 (33)
s 1708
; sQio
8 5(8)
5 9 209 ~
Lﬂigi:::::ﬁgmmirg 10 1) @ 'I:HE (OHIO STATE Uﬂlgy\:

Additional treatment

n Regimen

No post-op EBRT 38

Post-op EBRT 23 | Median 45 Gy; Range 25 -56 Gy
No post-op chemo 52

Post-op chemo 9 Carboplatin/Pacitaxel (4)

Cisplatin (4)
Carboplatin (1)

~62 % of patients only had surgery and IORT

‘THE OHI0 STATE UNIgiisITY
WG MEDICAL CENTER s

Results

Median LRC Median PFS Median 05
I 1 =5 ] ] T e )
166 98 39%

All histologies 61 191

45 55% 62 28% 60% 3%
16 181
p=009
18 a% 45 17% % 7%
2 60% 74 40% 5% %
p=009
3 65
38 39
p=038

‘THE Or10 STATE UNIgiiisITY
WENER MEDICAL CENTER S
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Salvage — All histologies Salvage - SCC

1yLC59% 1yDFS 39% 1y0862%
2y 05 42%

D ‘THE OHI0 STATE UN1gisIr>
=

‘THE OHI0 STATE UN1gis ST
WENER MEDICAL CENTER <

WENER MEDICAL CENTER

Grade 5 toxicity Other significant toxicities
Carotid blowout ORN (2)
18 days after surgery Wound dehiscence (1)

Within IORT treatment field PC fistula (1)
Patient had split thickness skin graft placed over )
carotid at time of surgery TE fistula (1)

‘THE OHI0 STATE NI 51T ‘THE OHIO STATE UNIgi 51T
NS N

Conclusions

In a population of previously radiated recurrent H&N
cancer patients, IORT achieved 1 and 2 year OS
rates comparable to the French trial, despite only
~40% receiving post-operative RT and ~15%
receiving post-op chemotherapy.

Advantages of IORT may include decreased toxicity,
decrease duration of post-op treatment. Patrick Wald MD' © | John Grecula MD' | Steve Walston DO' | Lai Wei PhD? |
Aashish Bhatt MD® | Douglas Martin MD" | Marcelo Bonomi MD* | James Rocco MD’ |
Matthew Old MD® | Theodoros Teknos MD® | Dukagjin Blakaj MD, PhD'

ORIGINAL ARTICLE

Intraoperative electron beam radiotherapy for locoregionally
persistent or recurrent head and neck cancer

Haad & Neck 201916, [T —r——

10 STATE UNIERSIT. ‘THE OHI0 STATE UN1gis ST
EDcAL CanTER s WENER MEDICAL CENTER s
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Future Directions

Pool H&N salvage IORT data with other institutions
to increase our numbers

Prospective protocol looking at the safety and
efficacy of salvage surgery/IORT with and followed
by immune therapy.
Hypothesis: Adding IO and pre op RT to IORT will
improve upon our LC and PFS outcomes

‘THE OHIO STATE UN)
WENER MEDICAL CENTER

Future Directions

Emerging data is revealing that HNSCC display an enriched immune
landscape with key immunological implications.

Both HPV+ and HPV— HNSCC tumors are found to display among the most
prominent immune-infiltrate, with highest levels of CD8+ T cells and
activated NK cells, paralleled by a marked expression of regulatory
pathways in-cluding regulatory T cells (Treg) and related immune
checkpoints like CTLA-4, GITR, ICOS, IDO, KIR, TIGIT, 4-1BB and VEGFA,
in addition to PD-1.

HNSCC has strong immunogenic features needing comparable
immunosuppressive pressure to be nullified in most progressing patients.

Can we provide new antigens with radiation therapy or ‘jump start’ the
immune system in the recurrent/persistent H&N cancer patients?

Radiation therapy may increase the capability of the immune system to exert
its function through an increase in tumor neoantigens, due to the mutagenic
activity of radiation, boost in antigen presentation, enhanced killing by CD8+
T-cells and improved cytokines production triggering a acute proinflamatory
cascade. Irradiation induces upregulation of PD-L1,which could reduce the
immune response of effector T-cells but at the same time potentiate the
activity of PD-1 blockers.

Mandal R, et al. The head and neck cancer JCH nsight 1(17).

Cavaleri S, et a. and News ffom clnical rials, emerging pecictve factors

and unmel needs. Cancer eatment reviows 2018

‘T Omo SraTe Uniglaree

110 2020) 104900

Gontents lists avilable at ScienceDirect

Oral Oncology

fournal homepage: wiww.slsevier.com/locateforaloncology

ELSEVIER

A predictive survival model for patients with head and neck squamous cell
carcinoma treated with immune check point inhibitors

M. Bonomi*", P. Bhateja®’, M. Issa®, B. Klamer”, X. Pan”, A. Blakaj®, V. Karivedu®, L. Mousa®,
D. Mitchell®, M Gamez", S. Kang®, N. Siem*, M. Old", R. Carrau’, J. Rocco’, D. Blakaj®

s etol BUC Cancer 202222767
tpe/doscrg10.1186512885.022.09805'5

BMC Cance

RESEARCH Open Access

. . ®
Update of a prognostic survival model ezt
in head and neck squamous cell carcinoma
patients treated with immune checkpoint
inhibitors using an expansion cohort

Majd Issa”, Brett G. Klamer’, Nikol Miadkovar, Georgios | Lalotis, Vidhya Karivedu',Pryanka Bhateja
Chase Byington', Khaled Dibs’, Xueliang Pan’, Amab Chakravarti’, John Grecuia’, Sachin R Jhawar',
Darrion Mitchel’, Sujth Baliga’, Matthew Old, icardo L. Carrau, James W. Rocco®, Dukagjin M. Blakaj®! and

Marcelo Bonomi'*
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Fig. 1. Nomogram of overall survival. Age and Sex were removed with no effect on iterpretation.
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Predicted Outcome

Trex1 expression
(n-fold compared 10 0 Gy)

IMMUNE EFFECT — Trex1- Nature Communications

Received 27 Mar 2017 | Accepted 12 Apr 2017 | Publshed 9 un 2017 OPEN

DNA exonuclease Trex1 regulates
radiotherapy-induced tumour immunogenicity

Claire Vanpoulle-Box', Amandine Alard®, Molykutty J. AryankalayiF, Yasmeen Sarfraz’, Julie M. Diamond!,
Robert J. Schneider?, Giorgio Inghiramic, C. Norman Coleman®, Silvia C. Formenti' & Sandra Demarial*
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HNSALYV Trial
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Primary End Points
Toxicity — 15 patients each arm
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HIOB Trial: Hypofractionated Whole Breast Irradiation Gerd Fastner, MD

. Professor
and Electron IORT Boost in Early-Stage Breast Cancer Parcelsus Medical University Clinics

Salzburg, Austria

(1) Background

UNIVERSITY HOSPITAL

UNIKEINTRDT = HIOB: IOERT 11 Gy + 15 x 2.7 Gy WBI

Hypofractionated whole breast irrac = Rationale for Hypofractionation:
HIOB (NCT01343459): First Canadian and START-Trials (UK)

Fastner ! Reitsamer R2?, C. Gaisberger P, W.HitzI"%, B. Urbanski®®, MileckiP*
Bud: usch Isaak?, Reila

e o, s Fotons J € AmosonSchunachr 1 Rce Al = Rationale for IOERT Boost (10 Gy):
ortas, Poccas ot Uy, S0 6-JLRR: 0.8% [Fastner G. et al, Radiother Oncol 2013]

pomua Capt corte; Poanat PO 10-J LRR: 2.7% [Kaiser J. et al, Int J Radiat Oncol Biol Phys 2018]
o Scae Un. Zoora Goa P h

UC Radiotherapy and Radio-Oncology

Landeskrankenhaus, DeS Ig n:

Paracelsus Med. University Salzburg

= Sequential probability ratio test, SPRT
= One armed, multicentric, prospective trial
published in Cancers 0322

Primary Endpoint: ,Local Control“ Further Endpoints

Superiority/equality of HIOB in comparison to ,Gold Standard“:
Matching/exceeding the best published results for LR rates in 3 different

age groups after 5 year observation in terms of an Secondary Endpoints
« upper limit (exceeding = inferiority) and a
« lower limit (undershooting = superiority/equality). * DFS, MFS, OS, DSS, LC, and LRC
Sequiential probability Ratio Test - SPRT
annual rate % 5-year rate % Tertiary ENdPOintSZ

= Age>50: 0.7 3.5 (Bartelink) === upper limit (tolerated)

0.4 2.0 (START B) e lowerlimit (best published) * acute toxicity : ~ CTC-Sxcoring system
= Aged1-50: 12 6 (Bartelink) « late toxicity: LENT-SOMA

0.72 3.6 (Whelan)

« Cosmesis: 5-Point-Scoring System (van Limbergen)

= Age 35-40: 2 10 (Bartelink)

0,72 3.6 (Whelan) . . R

Inclusion criteria IOERT

«Inv. breast Carcinoma

. -2
Age 1235 d (reported depth)
(Prescription dose
11,1 Gy = Maximum on
central beam axis)
e T-status: T1-2 (Central beam axis —geometric tube a;:x' al axis - perpendicular to tissue surface

* N-status: NO-1 ¥ pTV.-Definition:

« RO-Resection 3D Volume of at least 2 cm beyond the former macroscopic tumor
edge. Procedure: Without skin, “dose-limit” at rib-surface: 5 (-7) Gy

« All Grade G1-G3, all HR and Her-2 status
= IOERT Dose: 11.1 Gy Dmax on the central axis

» Neoadjuvant/adjuvant therapy: No limits = PTV encompassed by 90% of the prescribed dose (i.e. 10 Gy)
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HIOB Trial: Hypofractionated Whole Breast Irradiation
and Electron IORT Boost in Early-Stage Breast Cancer

Up to 9 mths

Day 36-56 post OP
* Adjuvant Chemotherapy:

WBI and Start of treatment

CONSORT-diagram: S

| Eligible patients: N= 1445

Excluded:

N= 326

Analysis (04/20):

WBI only (no RNI)
« 2.7 Gy (ICRU) x 15 (5 Fx/week)

¢ ,,per protocol“: N=758
« ,,ITT-criteria“: N=361

N= 1119

Recruiting centres: 18

= Age groups:

Patients and FUP: N= 1119

35-40: n=45

" Austria: 3
. g 0,
= poland: 1 41-50: n=285 26%
" UsA: 2 >50:  n=789
" ltaly: 9 Patients in FUP: n=1104
L ] .
Germany: 3 = 1year: 1049 95%
9% of recruited pts = 3years: 863 78%
60% = 5years: 518 47 %
50% - _lesal:]ig = G6years: 348 31%
o
o 2Us - Tyearss 98 9%
b -
20% - ¥ Germany = 8years: 33 3%
10% - = Qyears: 1
0% - = FUP (Months): Median 50 (0.7 — 104)

Age (y) n (%) Histology n Age (y) n (%) Histology n
35-40 45 (4) IDC/NST 870(78) 35-40 35 (4 IDC/NST 870 (78)
41-50 285 (26) ILc 103 (9) 41-50 85 (26 ILc 103 (9)

>50 789 (70) mixed 88 (8) >50 789770) mixed 88 (8)

r-Stage others 58 (5) -Stage others 58 (5)

1 949 (85) EIC-Status 1 949 (85) EIC-Status
2 145 (13) negative 970 (87) 2 @45 (13D negative 970 (87
x 5(0.5) positive 149 (13) x 5(0.5) positive @)
0 20(1.5) Grading 0 20(1.5) Grading
Gl 268 (24) Gl 268 (24)
N- Stage G2 629 (56) N- Stage G2 629 (56)
0 984 (88) G3 168 (15) 0 984 (88 G3 68 (15D
1 130 (11.5) Gx 54(5) 1 @30 (11.5) Gx 54 (5)
X 5(0.5) HER2-Status X 5(0.5) HER2-Status
R-Status (mm) 5(0.1-80) neg 961 (85.9) R-Status (mm) 5(0.1-80) neg 961(85.9)
ki67 (%) pos 157 (14) 167 (%) pos @57 (14D
<20 487 (44) ns 1(0.1) <20 487 (44) ns 1(0.1)
220 494 (44) HR- Status 220 HR- Status
ns 138(12) neg 98 (8.9) ns 138(12) neg 98 (8.9
Multifocality pos 1020 (91) Multifocality pos 1020 (91)
no 979 (87) ns 1(0.1) no 979 (87) ns 1(0.1)
Ve, 140(13) Ve, 40(13
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HIOB Trial: Hypofractionated Whole Breast Irradiation
and Electron IORT Boost in Early-Stage Breast Cancer

Systemic treatment / IOERT parameters

ET: N=983, 88%
adj.CT +/- Tra +/- Per: N=213, 21%
NACT +/- Tra +/- Per: N=53, 5%

ET/CT:
Tra/+-Per:

N=183 (16%)
N=61 (5.5%)

Tube diameter cm: Med. 6 cm (4-8)

Lead shielding: yes: n=268 (24%)
no:  n=851(76%)
Med. 9 (4-15)

Med.44 (4-104)

Med. 1350 (233-2457)

Electron energy MeV:
V 90 ml:
Breast volume (PTV) ml:

Clinical Results:

* 2(0.2%) In-Breast recurrences (IQ): > 50 y
* 1(0.1%) Reg. recurrences: 1 (Scl )

» Metastases: n=23 (2%)
* Breast cancer: n=17 (1.5%)
» Secondary cancer: n=6 (0.5%)

» Died: n=25 (2%)
* Breast cancer: n=6 (0,5%)
* Secondary cancer: n=8 (0.5%)
» others: n=11(1%)

» Secondary cancers: 49 (4%)
contralateral breast cancer: n=17 (1.5%)
others: n= ¥

UNIKLINIKUM

Acute toxicity

Treatment tolerance )

Evaluation: n=1118 n=1103
CTC WBI - End 4 weeks post WBI
CTC 0/l (noffaint reaction): 99.7 % 99.3%
CTC ||/|||(moderatelmoist desquamation): 0.3 % 0.7%

CTC Il | WBI-End 4 weeks post WBI

b wound healing
Pats 1 0 ipsilat. axilla (not in the IORT field)
CTC IV 0 1*

Late tOXiCity (since months 4/5, annually): Mean values (ranges)

**:3 patients with pain G4:

G0/2: 99.6% (99.3-100) | pat.1: until year 2
G3/4**:  0.3% (0.1 g) Pat.2: In the course of metastases
Pat. 3: G3 fibrosis — lost to FUP

LRR: Age group > 50 years
5-year LRR-assumptions (SPRT): Upper benchmark 3.5%
(EORTC-Boost-trial), lower benchmark 2.0% (START B)
« With no observed LR: Min. number of pats: N=146

" s —
13 | [Age groap: 504 yox
12| | = = Rojection i 1

a8 the 146" pationt e of Syr i ronst recumanca

umber of obsel
S.year in-breast recurrences

e T

- 2 &8 8 § 8 8 ® 8 8 g g 8B 8B 3§ 8 &

LRR: Age group 41 - 50 years
5-year LRR-assumptions (SPRT): Upper benchmark 6% (EORTC
Boost-trial), lower benchmark 3.6% (Whelan et al)

« With no observed LR: Min. number of pats: N=90

"

Rge group: 4150 yra:
- AR &%
o observed Supsin-breast recurrences

H,: <= 38% versus H,:p » 38%. power of 90% fo reject p6%

10/2019: N=92

Accoptance of null hypathesis
o110 97 patontfresof .47 broost recurence

Number of observed
S-year in-breast recurrences

‘Na yer (DRI BCUITINCH ODAIVY In 92 PATONS o ‘

b b LB he MU s w4 s ow

- % g ) B B B B B B
No of patients

LRR: Age group 35 - 40 years
5-year LRR-assumptions (SPRT): Upper benchmark 10% (EORTC
Boost-trial), lower benchmark 3.6% (Whelan et al)

* With no observed LR: Min. number of pats: N=33

1

13| [Aae sron- 3540y

a2l |- (SRR IER) o e
T1E |y p <= 2056 vorsus 0> 167 pawar o 30% o reect p210% B

o - S —

? -

Number of observed
S-year in-breast recurrence

"“lm,... wbreast recurencs dbserved n 1 paerts —— |

- 2 % 8 3 B 8 R 8 8 B ¢

120
130
140
150,
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HIOB Trial: Hypofractionated Whole Breast Irradiation
and Electron IORT Boost in Early-Stage Breast Cancer

Secondary endpoints )
Act. 4-year rates (95% CI)

DFS: 97.8% (96.9-98.8)
MFS: 98.1% (97.2-99)
DSS: 99.4% (98.8-99.9)
0S: 97.9% (96.6-98.9)
LC:  100%

LRC: 99.7% (99.4-100)

Cosmesis evaluation:

Rep. Photodocumentation, Double evaluation: Doctor/Patient

Qualitative 5-Point-Score Van Limbergen E 1989

E,: Excellent

E,: Good

E,: Moderate

E;: Bad

E,: Complications

E,-E: Satisfactory
Ey-E,: Acceptable
E;-E,: Unacceptable

»Subjective“ breast cosmesis
98% suhje(livecusmesisgs%
: —_————__\/—-
o 86% 83% 78%
2% 2%

»Objective” breast cosmesis

98% objective cosmesis

. 94%
i 76% 71%
0, e unacceptablf
9 6%
2% 8%
I T l

Conclusion

* Prim. endpoint 5-year-LRR:
* Superiority for AG 41-50, > 50 J
* No decision AG 35-40 J

¢ Acute- and late toxicity: low
¢ (very) acceptable (subj./obj.) Breast cosmesis

RIU\CH SUS
MEDIZINISCHE PRIVATUNIVERSITA

R. Reitsamer et al




Speaker presentations
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Elena Sperk, MD

Professor

Department of Radiation Oncology
University Medical Center
Mannheim, Germany

Medizinische Fakultit Mannheim
der Universitat Heidelberg

@ uvm

‘ UNIVERSITATSMEDIZIN
| MANNHEIM Universitatsilinikum Mannheim

( .» MCC
MANNHEIM CANCER CENTER

TARGITA, Eand C

Elena Sperk, MD
Assistant Professor Radiation Oncology

Department of Radiation Oncology
Mannheim Cancer Center, Universitdtsmedizin Mannheim, Germany

Low-energy x-rays for intraoperative radiotherapy

w U -
b= .\' ¢
=1
<“'cy-—-0

r@ uvm

vErsmiTsuEon
ol

MetznishoFoutit Mo
G Ut e

Overview TARGIT trials

IORT as APBI

*TARGIT A
*TARGIT E
*TARGIT C
*TARGIT US
*TARGIT R

*TARGIT B
*TARGIT BQR

r@®uvm

UNIVERSITATSMEDIZIN
. MANNHEIM

MetiznischoFoutit Mo
G Ut e

@ uvm

UNIVERSITATSMEDIZIN
] MANNHEIM

Medizinische Fakultit Mannheim
der Universitat Heidelberg

Universitatsklinikum Mannheim

Long-term outcomes of the
TARGIT A trial

TARGIT A Trial
Long-term results for pre-pathology

2298 patients
Why focus on pre-pathology 10 tri
countries

results = immediate IORT? ]
24
> Recommended treatment and e *  Randomized between 2000 and 2012

in favour compared to post-

pathology IORT (seen in 2014) 1140 women received risk adapted TARGIT

1158 women received standard EBRT treatment

+ Largest multicenter RCT for APBI with one modality 32centers ¥

+ Academically driven
+ Supervised by NIHR who signed off the statistical analyses plan

r . UMM ARGTIOND 1 sty ek . ARG Ao v 14 B3 370 T30 P 0 3101 36

e —
ol

MetiznischoFoutit Mo
G Ut e

Radiobiological effects of low-kV x-rays

Time Matters!

Due to immediate IORT during tumor resection
biological wound healing response is downregulated
which hinders epidermal growth factor (EGF) to help
residual tumor cells to re-grow.

Changes in peripheral immune cells after
intraoperative radiation therapy in low-risk
breast cancer
Isabel Linares-Galiana'*>*, Miguel Angel Berenguer-Frances'?,
Rut Canas-Cortés’, Monica Pujol-CanadelF, Silvia Comas-Ant6n’,
Evelyn Martinez', Maria Laplana!, Héctor Pérez-Montero!,
Maria Jesiis Pla-Farnés*, Arturo Navarro-Martin'?, Miriam Nufez'?,
Brigitte Both® and Ferran Guedea'®

ABSTRACT
Gonventional A detiled understanding of the iteractions and the best dose-factiontion scheme of radiaton to maximize
Iradiation In this sucy, fa singls
wocks | Biological wound rosponse doseof (
46 wocks | Biological wound rospo s { t i
s at 48hand 3and i
e analysis for lymphocyte subpopulations, natural killer cells (NK), regulatory T cells (Treg) and myeloid-derived
arogon suppressor cells (MDSCS). NK CDS67%* CDI6*
e at 3 weeks after IORT (030-042%, P < 0.001), while no changes were found in immunasuppressive profile,
CDA"CD25* Foxp3  Helios ™ Treg cll X
Asingle dose of IORT may b wnity based on th NK
. . cells and the I
r@® uvm

MetznishoFoutit Mo

i
O — @E
ol i

G Ut e
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TARGIT A Trial

Lumpectomy +
immediate
TARGIT-IORT

Lumpeciomy +
post.op EBRT

Experimental arm:

IORT
IORT + EBRT

n=899
n=241

27%

-> Planned risk adapted treatment
based on final histopathology

-> Safety: No risk for patient or
physician because same dose for
APBI and boost (20Gy)

Randomised o
TARGIT-IORT; others

TARGIT-IORT supplemental
EBRT (nigh-isk cases)

Net1se N=899

Vaidya J et al 2021 Br ) Cancer ~ New clinical and biological insights from the
international TARGIT-A randomised tria of targeted intraoperative radiotherapy
during lumpectomy for breast cancer

r@® uvm

e —
ol

Mesznisco oot Marabam
U odaay

TARGIT A Trial

Long-term results

Patient
Characteristics

r@® uvv

e —
ol

0% 100%.

%

Screen detection

Tumor size

~84% < 2cm
Tumor grade

~20% grade 3

LN invasion

~22% node positive

Vaigya, J.S. ot al. 2020). intraoperative
B,

MesznischoFoutstMaravam
et

-I0RT)
370, 2836, hitps190 org/10.1 136/0m} 2836

TARGIT A Trial
Long-term results

Non-inferiority in terms of local control

Primary Outcome:

Local recurrence rates at 5 years complete follow up:

_.{

Non-inferiority of TARGIT-IORT to EBRT confirmed

Mesznisco oot Marabam
U odaay

TARGIT-IORT

2.11%
L

Difference
1.16%
(90% C10.32 to 1.99)

Local recurrence
rate @ 5 years

Difference was less than 2.5%
(pre-specified non-inferiority margin)

Vaidya J et a1 2020 BM) ~ Long-term survival and local control outcomes from single
dose targeted intraoperative radiotherapy during lumpectomy (TARGIT-IORT) for early
breast cancer: TARGIT -4 randomised clinical tral

UNIVERSITATSMEDIZIV
MANNHEIM

TARGIT A Trial

Results

Long-term
outcomes of the
TARGIT-A trial

r@®uvm

UNIVERSITATSMEDIZIN

. MANNHEIM

e TARGIT
20, = EBRT
% 2 4 & 8w om
Nombar at ek ~
TARGIT 1140 t0m1 o 960 e 3 e
EBAriiss 1086 os o2 el e 1%

Vaidya J et al 2020 BM) ~ Long-term survival and local control outcomes from single
dose targeted intraoperative radiotherapy during lumpectomy (TARGIT-IORT) for early

Local recurrence-free survival

HR 1.13 (0.91 to 1.41), P=0.28
100
mw

No difference

Survialo0

©

breast cancer: TARGIT -A randomised clinical tral

.
TARGIT A Trial
Mastectomy-free survival
HR 1.13 (0.91 to 1.41), P=0.28 HR 0.96 (0.78 to 1.19), P=0.74
g 8w
£ [ — H M\

No difference

o “
e TARGIT e TARGT
20 = BB o T
Lo R S R L R B B )
Yo Years
Number stk Number s ik
u TG a0 e o s e s e TESTI0 oo o se s e
EGATis  loes a4 o7 ass e 1w EBATNSS 1ol s® 65 %6 19

Long-term
outcomes of the
TARGIT-A trial

Vaidya J et al 2020 8MJ — Long:term survival and local control outcomes from single
dose targeted intraoperative radiotherapy during lumpectomy (TARGIT-IORT) for early
breast cancer: TARGIT ~A randomised clinical tral

r@® uvm

e —
n oll
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TARGIT A Trial

Long-term
outcomes of the
TARGIT-A trial

r@® uvmv

Vaidya J et a1 2020 BM)

e —
s ol

MANNHEIM during |

Results

Mastectomy-free survival
HR 0.96 (0.78 to 1.19), P=0.74

Local recurrence-free survival
HR 1.13 (0.91 to 1.41), P=0.28

g g
H ww 3 m\
? o — ™ =
No difference No difference
v O o tarGT
20 SRERT PR
% 3 4 6 0] 0 2 % 2 “ 6 0] 10 2
Yo Yoo
wi [
ThGT e o o me  wme %  wTTMTio we oo sm w
e e B2 OWomoWm o TEe W OR N o® i

Breast cancer mortality
HR 1.12 (0.78 to 1.60), P=0.54
»

T
z — EBRT

No difference

Numper atnsk
TARGT 140 t0e  t0se s em o 1se
Eontiiss  dom  dow s o on e

~ Long:term survival and local control outcomes from single dose targeted intraoperative radiotherapy
lumpectomy (TARGIT-IORT) for early breast cancer: TARGIT -A randomised clinical trial
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Local recurrence-free survival Mastectomy-free survival Local recurrence-free survival Mastectomy-free survival
HR 1.13 (0.91 to 1.41), P=0.28 HR 0.96 (0.78 to 1.19), P=0.74 vaidya et 120208 ~ Long-erm HR 1.13 (0.91 to 1.41), P=0.28 HR 0.96 (0.78 to 1.19), P=0.74
T T oiobon o ——__— 3"
i . - st e e io T— e —
— o = breast cancer: TARGIT —A randomised @
No difference a No difference dinical tria . No difference = No difference
::ggw TARGIT ks == TARGIT
» =t o
% 3 4 6 8 0 n” & 2 “ 6 0] 10 2 0, 0,
Y._ L S B B S S R S S B R S
[N—— [N—— Yo oo
Results e momeom & o® ow ERue me o m o om o® o RESUItS " o oo m m s w8 oo m w = o= w
Breast cancer mortality Non-breast-cancer mortality " -
Long-term HR 1.12 (0.78 to 1.60), P=0.54 HR 0.59 (0.40 to 0.86), P=0.005 BreastcsrceRmortalty Non:breast-cancer mortality
g B ) HR1.12 (0.78 to 1.60), P=0.54 HR 0.59 (0.40 to 0.86), P=0.005
outcomes of the 5, e %’ " o [ p—— L S ey
: a2 No difference 2 TARGIT better i Fuo™
TARGIT-A trial L o No difference i TARGIT better
i 9.85%
) 5.41%
L) i L R R A difference of
M e e e me me e w WM me e m w w ow TR 4 s 8 0 g44%at12years
r@®uvm - : POUM | "8 o s e e e w m m m
s . Vakdys ot a1 2020 BMI ~ Long:term suhial an locsl contrl autcamesfrom singe dose argeted nraoperatve radotherapy S RS- ﬂ@ e s e e e e Sno e Beae e B0 ORO® RO E
ol during lumpetomy (TARGITIORT) fo cary breat cancer. TAKGIT A randomised clinicl E n ull L

TARGIT A Trial
Long-term results

Overall survival
” 10.“ 0.63 to 1.05). P=0.13
00

Survival 00

60 No difference
Overall Survival 10

wese TARGIT
W [BRT
HR 0.82 2
DD 2 4 13 L] 10 12
Years
Noat risk
TARGIT
1140 1089 1059 989 689 178 152
EBRT
1158 1088 1041 978 672 N 143

Vaidya J et al 2020 8MJ — Long-term survival and local control outcomes from single
dose targeted intraoperative radiotherapy during lumpectomy (TARGIT-IORT) for early
breast cancer: TARGIT —A randomised clinical tral
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TARGIT A Trial
Long-term results — subgroup analysis

Overall mortality-Grade 1 or 2
HR 0.72 (0.53-0.98) P = 0.0361
20%

TARGIT
EBRT
Grade 1 + 2 tumors 15%
with significantly £ o
better overall =
. 5%
survival
0%
0 2 4 6 8 10 12
Years
Number at risk
TRGT 5 o e 76 s %o 110
EBRT 901 856 820 778 542 298 114

r@®uvm

UNIVERSITATSMEDIZIN
. MANNHEIM

Vaidya J et al 2021 Br ) Cancer ~ New clinical and biological insights from the
international TARGIT-A randomised tria of targeted intraoperative radiotherapy
during lumpectomy for breast cancer

MetznishoFoutit Mo
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TARGIT A Trial
Long-term results — subgroup analysis

Hazard of death
P value for interaction with local recurrence P = 0.020

Significantly higher risk
to die after local
recurrence after EBRT
compared to local

TARGIT—local recurrence
EBRT—local recurrence
TARGIT—no local recurrence 1

EBRT—no local recurrence

Cumulative hazard
g
g
&

30%
recurrence after IORT 20%
10%
0%
] 2 4 6 8 10 12
Years

@ uvm

e —
ol

Vaidya J et al 2021 Br ) Cancer — New clnical and biological insights from the
International TARGIT-A randomised trial of targeted intraoperative radiotherapy
during lumpectomy for breast cancer
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TARGIT A Trial
Long-term results — subgroup analysis
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Vaidya J et al 2021 Br ) Cancer — New clinical and biological insighs from the
international TARGIT-A randomised trialof targeted intraoperative radiotherapy
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MANNHED during lumpectomy for breast cancer
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TARGIT A Trial
Long-term results — subgroup analysis

TARGIT A and other APBI trials

@ uvm

UNIVERSITATSMEDIZIN
| MANNHEIM

Medizinische Fakultit Mannheim
der Universtat Heidelberg

Universitatsklinikum Mannheim

First per-protocol analysis of the
TARGIT E(Iderly) Trial

Trial name Patient Follow-up PBI Treatment  Local Recurrence  Overall Survival
Table 2. Total number of patients, total numbers in each arm and proportion of patients receiving supplemental EBRT among those randomised to Characteristics (months) Technique (PBI vs. WBI) (PBI vs. WBI)
No difference for |~
Florence'#* Grade 3= 11.4% IMRT
LR or OS Aloced o [ORT + EBRT____IORT Alocaed €T 25 No a5 o0 1284 5 rachons a.7% v 25% o1.9% ve.91.9%
or Toulno.  Characterstics of | ChARAmEES o 28y Poporton (9 Chascerisics of ] TR EEE————
140 in | patents abocated TARGIT TARGIT arm 158 patients in fdan=s & 1224 rhempyll 5.9%vs. 5.1% 82% vs. 80%
‘the TARGIT arm who. M‘I-T receiving . me EBRT. ) E=EAED 7 Gz
: Sopplemental ESRT
in subgroups Overall 2298 0 an T B-30 (NSBAP) Grade 3= NR Srachyhopy (R
a D - = rads rachyiherapy
d' RT n=4216 PNO = 65.0% 122 ‘Mammosite Balloon 4.6% vs. 3.9% 90.6% vs. 91.3%
regarding P 150 o itianccsle ol
. (invasive/DCIS/ T3R0sHOI% | DS 08%/0.154/0.1%
unknown) =
modality S I N Yy T
Cumulaive 2 3 n aEc-EsrRo Brachytherapy (HDR)
ncidence of any A Tam oss G esihereeI(LDR) 1.4% vs. 0.9% 97.3% vs. 95.5%
o
eunence IMPORT-LOW'? Grade 3=9.5% IMRT
Deaths (cumulative 267%) M (5% - 56 (48%) n=1343 NO = 97.0% 722 15 fractions. @5, ik EFaErh
incidence)
ELIOT'? Grade 3 = 21.7% IOERT
Alive without local 93.46% [2%.4-96.0) = - , 69.6 e 4.4% vs. 0.4% 98.8% vs. 96.9%
< ©26-954) (026-944) D 306) GIETELED ifcton)
P oca recuronce fee s
O the 1140 rndomised to TARGITIORT, 241 rceived afer TARGITIORT. oca
contel values are ot complets fllowup of 3.y e -
frmeer o
r@®uvm Vaidya ) et 812021 Br ) Cancer ~ New cinica and biologcal insighs from the r@®uvm
s - international TARGIT-A randomised trial of targeted intraoperative radiotherapy Pt UNVERSITATSMEDZIN e e
L ol s o e e L ol G

TARGIT E: Purpose/Objective

Single arm prospective phase Il
study to test APBI in selected elderly
patients

-

Risk factors:

larger size

—other histology

— free margin < 1cm

— lymphatic vessel invasion
— positive nodes

— multifocal/-central lesions
extensive intraductal
component

Risk-adapted approach

First per protocol analysis of local
recurrence rate and overall survival

No

Add WBI additional
RT

Y Y

r. UMM Sperk et al 2019 ASTRO 'gcmc:go)u - 'T::? E ﬁsrsl trer protocol analysis s
< . tiv.-Doz Dr. lena Sper e s
u ol Vs ' [HE—

TARGIT E: Inclusion/Exclusion criteria

Inclusion criteria Exclusion criteria

TARGIT E: Materials/Methods

Number of centers: n=28 (Germany, France, Denmark, Switzerland)
Enrollment: February 2011 — September 2014

= 270 years = Extensive intraductal Treatment:
. component . .
cT1/2 (<3.5cm) P IORT with low-energy x-rays (INTRABEAM®) with 20Gy
= cNO = +/- whole breast irradiation with a standard dose of 46-50Gy
= cMO oy
= Invasive carcinoma g’ Primary outcome: local recurrence rate measured at 2.5,5 and 7.5 years using
(ductal) the Kaplan-Meier method. Termination due to futility was deemed necessary in
= Informed consent & case local relapse rates exceeded 3/4/6% at 2.5/5/7.5 years.
Secondary outcome: overall survival
|'. L. A e b o o e+ e L re U s oyl o o L
ANANEN 2 e [ VANREM 2 Univstatsiokom Manabun
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TARGIT E: Results

Applied radiation:

73% IORT only

21% IORT + WBI

5% WBIonly

1% surgery only/no radiation

Screening failure
n=15

Median follow-up: 3 years (range 2 — 79 months)
Median age: 74 years

Risk factors:
N+: 14.6%, >T1: 9.7%, G3: 10.1%, R1: 5%

F@uvm

« Sperk et al 2019 ASTRO (Chicago) - TARGIT E first per protocol analysis
UERSTATSUEDZIN
MANRER 2

Sperk et al 2019 ASTRO (Chicago) —
TARGIT E first per protocol analysis

TARGIT E: Primary outcome

£ a0
2
[ N=4
o 60
2 after 11, 33, 42 and 43 months
§ (all pat. received IORT only)
40
- »0.2% and 1.5% with local relapse at 2.5 and 5 years
g
8 204
-
k-4 T T T T T T T
12 24 36 48 60 72 24
Time from Surgery +/- IORT (Months)
At risk 412 | 427 | 378 | 213 | 167 | 61 10

rF@uvm

waversmarseoz| %o,
u ol |

VANREM

‘ 100 ‘ 99.8 ‘ 99.8 ‘ 994 ‘ 985 ‘ 985 ‘98.5 ‘0

TARGIT E: Patient characteristics with local recurrence

Adjuvant

. Adjuvant " Lymph -
Patient Age at Sl_de of Clea_r ‘Chemother. Endocrine Tulrwur Multlfol_:all Intra- vessel Grade EIC Positive
enroliment primary margins (all Her2neu size centric ductal V®55¢ nodes
? therapy invasion
negative)
1 84 Left  Yes  Unknown No 14 No Yes No 3 No No
(negative)
2 75 Left Yes No Yes 8 No Yes No 2 Unknown Yes
3 7 Right No No Yes 24 Unknown Yes No 2 Unknown Unknown|
No
4 70 Left Yes No (negative) 7 No Yes No 3 No No

All patients with IORT as APBI with 20 Gy

Sperk et al 2019 ASTRO (Chicago) — TARGIT E first per protocol analysis
Priv.-Doz. Dr. med. Elena Sperk
27

rF@uvm

e
u ol U0

100+
TARGIT E: Secondary outcome --—\’\\___L
804
Overall survival g 98.8% and 91.4%
5 oo at 2.5 and 5 years
g
N=20 @
T 40
g
3 breast-cancer-related deaths °
204
17 non-breast-cancer-related deaths
T T T T T T T
12 % 36 48 60 13 84
Time from Surgery +- IORT (Months)
[atrisk — [a75[433[384 279 [175] 61 [ 11 ] 0 |
|% |100]99.8]98.8|96.9|95.5[91.4[91.4] - |

r . UMM Sperk et al 2019 ASTRO (Chicago) - TARGIT E first per protocol analysis

Priv-Doz Dr. med. Eiena Sperk
ol vz P
u ol S 2

TARGIT E: Conclusion

« The first per protocol analysis of the prospective TARGIT E trial
shows that local relapse rates of 0.2% at 2.5 years (1.5% at 5
years) are far below the predefined stopping rules (3/4/6% at
2.5/5/7.5 years)

» The current results therefore support the risk-adapted approach
of accelerated partial breast radiotherapy (APBI) in selected
patients

r. UMM Sperk et al 2019 ASTRO (Chicago) - TARGIT E first per protocol analysis

Priv.-Doz Dr. med. Elena Sperk
ol sz pe
u ol G »

rF@uvm

UNIVERSITATSMEDIZIN
n MANNHEIM

Medizinische Fakultit Mannheim
der Universitt Heidelberg

Universitatsklinikum Mannheim

First per-protocol analysis of the
TARGIT C(onsolidation) Trial
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TARGIT C: Purpose/Objective

Single arm prospective phase IV study to .
test APBI in selected patients 0’

Risk o
factors?
46-50 Gy/
0 o
h

Systemic theragy
according 1o intern
Standards/guidelines

Risk-adapted approach

First per-protocol analysis after
100 included patients

F@uvm Sperk ot al 2020 ASTRO (onine) ~ TARGIT Consolidatio) - Firtper Protocal Anaysis of
ol e The Prospecive Phase IV Sty of nraoperaive Raditherapy (ORT) i Patiens i
L] MANNHEI Small Breast Cancer

TARGIT C: Inclusion/Exclusion criteria

Inclusion criteria Exclusion criteria

= 250 years = Multifocal lesions
. ¢T1(</=2cm) = Extensive intraductal
component
« cNO P
= cMO
= invasive carcinoma ‘f“‘\.
(ductal) —
™ "
= Positive hormone ‘>
receptors =
= Informed consent T
UMM Sperk et a 2020 ASTRO (onlne) ~ TARGIT G{onsoldation) - Frstper Protacol Anayss of
[
. o st s ) Sk fnora: Radiapy (ORT) n Faens i

TARGIT C — Current state

Number of centers: n=5
(Germany: Mannheim & Kassel, France: Montpellier, Lyon & Toulouse)
Enroliment: October 2014 — March 2021, n=388
Treatment: IORT with low-energy x-rays (INTRABEAM®) with 20Gy
+/- whole breast irradiation with a standard dose of 46-50Gy
Primary outcome: local recurrence free rate using the Kaplan-Meier method

Predefined parameter for first safety analysis was
a local relapse free rate of at least 98.45% after 12
months with a lower confidence interval of 97%.

Secondary outcome: overall survival, other oncological outcome, toxicity

Enrolled patients (Oct 2014

TARGIT C: Results

Median follow-up: n=100
12 months (range 0 — 60 months) ®.

monocentr/Oct 2018 multicentr.)

)
Both patients with local Drop out/loss to follow-up
recurrence refused " fined %
fecommended WBRT | =8 (8%, predefined rate ID%I-
and therefore were not = -
treated according to the

- n=1 local recurrence (17 months after
IORT)

protocol. IORT

- n=1 synchronous contralateral and n=69
local recurrence (3 months after IORT) 2
- no ipsilateral in-breast recurrences No IORT ‘

n=28

- no metastasis
- no deaths
- no grade IV/V toxicities

N=3
F@uvm Sperk ot al 2020 ASTRO (onine) ~ TARGIT Consalidaion) - Firstper Protocol Anaysis of rF@uvm Sperk et al 2020 ASTRO (onine) — TARGIT C(onsofdation) - Firt per Protocol Anaiysis of
UNVERSITATSMEDIZIN The Prospective Phase IV Study of Intraoperative Radiotherapy (IORT) in Patients with UNIVERSITATSMEDIZIN The Prospective Phase IV Study of Intraoperative Radiotherapy (IORT) in Patients with
o o
L ANNNEMA Small Breast Cancer L MAKNHEN Small Breast Cancer
TARGIT C: Conclusion/Summary Summary

Actuarial local relapse free rate was 98.9% at
12 months in all included patients and 100% in
patients treated according to the protocol.

The first per protocol analysis of the
prospective TARGIT C trial shows that local
relapse free rate at 12 months is within the
predefined range, especially for patients
treated according to the protocol. The current
results therefore support the risk-adapted
approach of accelerated partial breast
radiotherapy (APBI) in selected patients.

F@uvmv

g Priv.-Doz. Dr. med. Elena Sperk
geRSITATSUEDZIN
[ ANREM 35

r@®uvm -
9 ‘ u»:n:msggvsusnum der Unwersitst Hoidelberg. P

* Very low recurrence rates in elderly patients (TARGIT E)

* First per-protocol analysis of the first 100 patients in TARGIT C
show good local control within the range

* Long-term outcome from TARGIT A confirm non-inferiority of risk-
adapted TARGIT —IORT in early breast cancer patients and show
better OS

..... and Conclusion

TARGIT-IORT means

« having only as much RT as needed based on final histopathology and

* being longer alive

Metiznischo Fautst
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Thank you very much! Any questions?
-> Please contact me ©

Email: Elena ki dma.uni-heidelberg.de

Researchgate:

Twitter: @ElenaSperk y
https://www.researchgate.net/profile/Elena_Sper

Linkedin: https://www.linkedin.com/in/elena-sperk-
096520180/

L
Meetings and conventions... Llnked
@ uvm

UNIVERSTATSMEDIZIV
uuuuuuuu
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Surgical Considerations in Incorporating
IORT for Patients with Breast Cancer

Kelsey E Larson MD FACS
Breast Surgical Oncologist
ISIORT
October 21, 2022

THE UNIVERSITY OF KANSAS
CANCER CENTER

Kelsey Larson, MD, FACS
Assistant Professor

Department of Surgical Oncology
University of Kansas

Kansas City, Kansas, United States

¢ No disclosures

HEUNIVERSITY OF KANSAS
CANCER CENTER

¢ Patient Consultation
¢ Practical Workflow

CANCER CENTER

CANCER CENTER

First 12 Months

* Goal 36 patients

* Goal 1-2 OR per month

* Multidisciplinary Team
e 2 breast surgical oncologists
* 2 radiation oncologists
e 2 medical physicists

HE UNIVERSITY OF KANSAS

CANCER CENTER

2022 INTERNATIONAL SOCIETY OF INTRAOPERATIVE RADIATION THERAPY (ISIORT) CONFERENCE

First 12 Months

—Goeal36patients—Ireated 134 patients
+ Goall2-0ORpermonth-3 OR days per week

* Expanded providers
* 4 breast surgical oncologists
* 7 radiation oncologists

* 3 medial physicists

HEUNIVERSITY OF KANSAS
CANCER CENTER
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Starting Program

@
215

Multidisciplinary

Narro cus

Champions

.............

Defined Vision

BEST
ST
s

Starting Program & Gaining
Momentum

* Approach 1%t |evel Stakeholders

* Chairs, cancer center leadership, patient
advisory board/advocates

* Encourage Buy-In Clinical Team
* Patient focus, clinical outcomes, financials

e

[ —
............

HE UNIVERSITY OF KANSAS
CANCER CENTER

Gaining Momentum - Center

* Develop center policy
* Patient selection criteria & provider
credentialing requirements
* Radiation Safety Officer
* Prior Authorization, Billing/Coding,
Reimbursement Leadership

THE UNIVERSITY OF KANSAS
CANCER CENTER

Gaining Momentum — Provider Team

* Everyone learned every role
e Assign who will own each role

* Physicist — Move machine, QA, sources
* R/O - Prescription, timeout, paperwork
* Surgeon — Probes, ultrasound

Gaining Momentum - OR

* Anesthesia team education!

* Special shielding?

* Storage?

* SPD handling equipment?
* Training approach?

THEUNIVERSITY OF KANSAS
CANCER CENTER

Preoperative Consultation

e Surgical oncologists screen (policy is key!)
e Consent: Preparation of cavity for IORT

* Radiation oncology officially offer via consult
e Consent: Administration of IORT treatment
e Multidisciplinary Clinic or Save Consults

e Prior Authorization following radiation oncology
consultation

e Questions to radiation oncology

BEST
nsive. WSS
HE UNIVERSITY OF KANSAS LisNews

CANCER CENTER
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OR Scheduling

* Aim for 2-3 cases per day
e Best: 2-3 surgeons in 2-3 OR
e 1%t case of the day

* Set days of the week/month

* Add 1 hour OR time / case initially
* Drop to 30 min OR time / case with experience

Y OF KANSAS
NTER

SurgeonA/OR1

IORT #1

IORT #2

THE UNIVERSITY OF KANSAS
CANCER CENTER

Surgeon A/ OR 1 Surgeon B/ OR 2

60 min OR case

IORT #2

IORT #1
90-120 min
OR case

IORT starting OR1

|IORT starting OR2
IORT #3

IORT #3

THE UNIVERSITY OF KANSAS
CANCER CENTER

Surgeon C/ OR 3 (Optional)

Best Practices in OR

* Buddy in each role 1-2 cases
¢ Team introductions
* No students

* No breaks during case (90 min)
Reminder sterility practices non-surgeons

THEUNIVERSITY OF KANSAS
ANCER CENTEF

Surgical Approach

* Precise localization
* Incision planning
¢ Tunnel distance versus device reach

* Distance under skin / to chest wall

* Controlling cavity size

THE UNIVERSITY OF KANSAS

CANCER CENTER

OR Workflow

* Intraoperative Pathology
e SLN frozen?
* Routine shave margins?
e Gross margin evaluation?

e Strict timeouts
e Pre-incision + probe selection + confirm probe
selection + everyone out of room + prior to starting
radiation treatment

THE UNIVERSITY OF KANSAS
CANCER CENTER
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Postoperative Consultation

Surgical + radiation
oncologist

Thank you!

Kelsey E Larson MD FACS

Breast Surgical Oncologist

klarson6@kumc.edu

THE UNIVERSITY OF KANSAS
CANCER CENTER

Surgical Postoperative Outcomes

Positive Margin 4%
Cellulitis <1%
Seroma requiring aspiration <1%
Would breakdown <1%
EBRT 18%

Updating Vision
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Changes in Peripheral Immune Cells After Intraoperative Ferran Guedea, MD

Radiation Therapy in Low-Risk Breast Cancer

Chair

Department of Radiation Oncology
Institut Catala d’Oncologia
Barcelona University

Barcelona, Spain

o
Generalitat de Catalunya 0 ¢ 1CO

m Bellvitge
L Fospitai
! Departament de Salut s Catat £ nclots . )

Breast IORT with Intrabeam at
Catalan Institute of Oncology (ICO):
Changes in peripheral immune cells after intraoperative
radiation therapy in low-risk breast cancer

F. Guedea
IORT Breast Team:, E. Martinez,, H. Perez Montero, MJ. Pla, M. Laplana.
BT Team: C. Gutierrez, A. Slocker, D. Najjari.
Translational Research Team: I. Linares.

Department of Radiation Oncology
Catalan Institute of Oncology (ICO-DiR).
ty of (UB). . Spain

[ ISIORT, Columbus, Ohio, USA, 10-2022 |

0°

Definition of High Doses with RT:

Institut Catala d’Oncologia Institut Catala d’Oncologia

Stereotactic Ablative Body Radiotherapy (SABR %
or SBRT): Definition

The accurate delivery of highly conformal, high-

dose radiation therapy to limited-volume targets
in the body with:

— High dose per fraction (> 7-10 Gy)

— Single or few fractions (1-5) in 1-1.5 wks
— Highly precise image-guided radiation delivery

— Rapid dose fall-off gradients encompassing target

Loo BW et al.
Practical Radiation Oncology (2011) 1, 38-39.

Institut Catala d’Oncologia

Image Guided Brachytherapy (IGBT) with High
Dose Rate (HDR): Definition

The precise delivery of highly conformal, hi%h dose
raidlilation therapy to limited-volume targets in the body
with:

0°

— High dose per fraction (> 7-10 Gy)

— Single or few fractions (1-5) in 1-1.5 wks

— Highly precise image-guided radiation delivery

— Rapid dose fall-off gradients encompassing target
But with in IGBT with HDR:

— Lower integral dose.

— Longer clinical experience than SBRT.

Institut Catala d’Oncologia

Intraoperative Radiotherapy (IORT): Definition %

The precise delivery of highly conformal, high dose
radiation therapy to limited-volume targets in the body

— High dose per fraction (> 20 Gy)

— Single fraction

— Highly precise radiation delivery

— Rapid dose fall-off gradients encompassing target

But with IORT:

— Lower integral dose.

— Local treatment in one single shot (Surgery + RT) .

— Eye & Finger Guided Delivery

0°

Stereotactic Ablative Body Radiotherapy
(SABR or SBRT)

~y
~y

Image Guided Brachtherapy
with High Dose Rate (HDR-IGBT)

"~/
~yY

Intraoperative Radiation Therapy
(IORT)

Institut Catala d’Oncologia Institut Catala d’Oncologia
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0°

Policy at Catalan Institute of Oncology (ICO):

Catalan Institute of
Oncology (ICO)

The Catalan Institute of Oncology
(ICO), created in 1995, is a
Public centre focused on Cancer.
It follows the model of
Comprehensive Cancer Centres,
which handle prevention,
research, treatment and
specialized training all within the
same organization.

ICO-Girona
» 3 general hospitals 28
» 16 community hospitals |CO-Badalona
» Nearly 2.5 million people 2003

40% of the adult population
of Catalonia

ICO-Hospitalet.
Barcelona. 1995

Institut Catala d’Oncologia Institut Catala d’Oncologia

For cases candidates to PBI our Policy at ICO is: 2

CEY o
| Healthcare Activity at ICO | o
RT Health Care
Activity 2021 § Hospitalet Girona Badalona
External Beam RT treatments 2950 1450 1610
(11 Linacs) 6010 (6 Linacs) | (3 Linacs) | (3 Linacs)
Brachytherapy treatments
(1 HDR, 3 PDR, 1 OR, 14 beds) 1100 1100
Radiosurgery treatments 149 149
IORT con Intrabeam (1 Unit) 60 60

1. Intraoperative Radiation therapy
(IORT) for pts treated
with surgery at our Hospital

2. APBI multi catheters technique
with IGBT-HDR for pts treated
with surgery in another Hospital

For us IORT with Intrabeam in Breast is
complementary with IGBT-HDR

Institut Catala d’Oncologia Institut Catala d’Oncologia

0°

Immunology & IORT:

Our ongoing Lab Project on IORT:
Study of systemic Immune response
with Extreme Hypofractionated RT with Intrab

Hypothesis

Radiation ablative doses delivered with Intrabeam® could
trigger immune stimulation by modulating cytokines and
immune cells in plasma.

Primary objective

To detect immune changes in peripheral blood before and after
Intrabeam® treatment.

0°

Institut Catala d’Oncologia Institut Catala d’Oncologia
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Pre-Surgery 4ghours post 3 weeksfrom ending 3 weeks from ending 10 weeksfrom ending Our ongoing Lab Project on IORT: 2
1ORT or EBRT 10RT EBRT IORT or EBRT Study of systemic Immune response o
Ao A A y A y A with Extreme Hypofractionated RT with Intrabeam
s rHr 0 s

Blood samples will be collected before treatment and in 3
different time-points after treatment.

Flow cytometry analyses (Results presented here at 3 w

after IORT & EBRT):

- Phenotyping Panel : TCD4+ cells, TCD8+ cells, NK cells
- Regulatory T cells (Treg) Panel

- Myeloid derived suppressor cells (MDSC) Panel

Cytokine Assay Panel (Not performed):
IL-6, IL-10, TGF-B, IFN-a, EGFR

Our ongoing Lab Project on IORT:

Our ongoing Lab Project on IORT:

Study of sy

icl

o
o

Study of systemic Immune response
with Extreme Hypofractionated RT with Intrabeam.

! i
ted RT with Intrabeam

Group B: Surgery + IORT + HypoRTE: 25 patients

Group C: Surgery + Hypo EBRT: 25 patients

Treg (CD4+CD25+FoxP3)

Treg CD4+ CDASRa- CD25+ Foxp3+
Treg (CD4+ CDASRa+ CD25+ FoxP3+)
Treg (CD4+ CD25+ FoxP3+ Helios+)
wmspe

Granulocytes

Monocytes

Monocytes CD14+

Monocytes Classical

Monocytes Intermediate.
Monocytes Non-Classical

05222
03266
04153
05828
0,089
0,1447
03165
03916
04813
06149
0,0056

o0
00014
0,0022
03588

0001
00124
0,0386
0,0943
06365
06626
05133

with Extreme Hypofracti Results:
Varisble Group A Grow s Group C
Number of patients included 9_2022 75 Total lymphocytes. 0,2035 0,0013 0,2565
Lymphoeytes 8 D19+ 00567 00001 0
Lymphoeytes TCD3+ oose7 00304 NGRS
Helper T cels CD3+CDA+ 06033 0071 00074
Gytotoric Tcells CD3+CD8+ o083 00703 o018
Lymphocytes T Cell Ratio CD4/CDB 0649 o157 00959
) NK CDS6dim CD16+ 03916 o0es 0786
Group Al Surgery + |ORT: 25 patients NK CDS6high CD16+ 0002 0,000 0
NK cells (CDS6dim CD16-) 0506202068 08605
NK cels(CDS6igh CD16-) 053100 0784 0,084
NK cells (CDS6- CD16+) oo1s o oo

04361
02764
06123
01836
0,0001
01163
0,0001
0,0001
0,1691
06728
01202

Institut Catala d’Oncologia Institut Catala d'Oncologia

Our ongoing Lab Project on IORT:
Study of systemic Immune response
with Extreme Hypofractionated RT with Intrabeam.
Results: Phenotype panel with Lymphocytes TCD3+ cells,

Our ongoing Lab Project on IORT:
Study of systemic Immune response
with Extreme Hypofractionated RT with Intrabeam.
Results: Phenotype panel with NK cells (CD56High CD16-)

Institut Catala d’Oncologia Institut Catala d'Oncologia
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Our ongoing Lab Project on IORT:
Study of systemic Immune response
with Extreme Hypofractionated RT with Intrabeam.
Results: Phenotype panel with NK cells (CD56High CD16-)

NK COsehigh CO16+ - Group &

s 1
: 2
$
§ ooz
H

Friedman test p-value = de-04

Institut Catala d’Oncologia

Our ongoing Lab Project on IORT:
Study of systemic Immune response
with Extreme Hypofractionated RT with Intrabeam.
Results: Phenotype panel with NK cells (CD56High CD16-)

oo

Friedman test p-value = 0

Institut Catala d'Oncologia

Our ongoing Lab Project on IORT:
Study of systemic Immune response
with Extreme Hypofractionated RT with Intrabeam.
Results: Phenotype panel with NK cells (CD56- CD16+)

Institut Catala d'Oncologia

Our ongoing Lab Project on IORT:
Study of systemic Immune response
with Extreme Hypofractionated RT with Intrabeam.

Results: Phenotype panel with NK cells (CD56- CD16+)

a0 0161 -G8

! 1
_— ] —

Frodman estovalue =0

Institut Catala d'Oncologia

Our ongoing Lab Project on IORT:
Study of systemic Immune response
with Extreme Hypofractionated RT with Intrabeam.
Results: Phenotvne nanel with NK cells (CD56- CD16+)

W clls (€086.CO16) - Group

Frisdman tos pvalue = 0,0049

Institut Catala d’Oncologia
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Our ongoing Lab Project on IORT:
Study of systemic Immune response
with Extreme Hypofractionated RT with Intrabeam.
Results: Phenotype panel with Granulocytes
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Our ongoing Lab Project on IORT: o
Study of systemic Immune response (o]
with Extreme Hypofractionated RT with Intrabeam.
Results: P pe panel with Gr
[revs—
IR
- T T
Frodmen ot vake = 00124

0°

1. To see breast IORT as complementary to breast HDR-BT

2. More Lab Research: In our lab research the results
suggests that IORT stimulate inmunity
(1 Lymphocites T, 1 NK, 1 Granulocytes)

Institut Catala d’Oncologia
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Single Treatment Electron IORT for Breast Cancer;

The Jules Bordet Institute Experience

Catherine Philippson, MD
Department of Radiation Oncology
Institut Jules Bordet

Brussels, Belgium

2022 ISIORT Meeting

(isioRT

2022 International Society

Thursday, Oct. 20 and Friday, Oct. 21

The James Cancer Hospital and Solove Research Institute
460 W. 10th Ave.
Columbus, OH 43210

Breast Cancer:

JULES BORDET

of Intraoperative Radiation Therapy (ISIORT)

Single Treatment Electron IORT for

The Jules Bordet Institute Experience

43 Catherine Philippson, Brussels, Belgium

@

107,

Plan

IORT at Jules Bordet
Partial breast irradiation at Jules Bordet

Single treatment electron IORT for breast cancer

. Criteria inclusion

. Surgical technique

. Specific technique

. Jules Bordet experience

Conclusion

L4

JULES BORDET

(iSIORT

@i

IORT at Jules Bordet

Historical background (late 80’s)

<

JULES BORDET

Partial breast irradiation at Jules Bordet (IS

2006

. rigid or semi-rigid guides : 192 Ir HDR
. 34Gy, 104,2/j:5d

JULES BORDET

mH

2010
. IORT with MOBETRON IntraOp system

. Advantages
. High ballistic precision
. High dose in a single fraction in more sensitive
oxygenated cells
. Dose homogeneity
. Healthy organs perfectly protected
. Less side effects

. Disavantages
. Ignorance of the final pathological results
. Technique not available in all radiotherapy centers

32
23

JULES BORDET

Single treatment electron IORT
for breast cancer

Criteria inclusion

— More than 40 years old

— Ductal invasive carcinoma (preoperative biopsy)
— Unicentric (MRI)

— Unifocal (MRI)

— AllHR

— All grade

— No EIC or LVI (preop biopsy)

— pNO (peroperative analysis)

— pT less than 20 mm (peroperative analysis)

— Free margins (peroperative analysis)

oJide
Lo

JULES BORDET

(iSIoRT

mH
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Sy iy

Surgical technique o Surgical technique
Surgical incision

Lumpectomy

‘u

oS Philpsenc Nogoret i Simens, Desmer, N 2 Phigsonc, Nogaret v, Simons, Desmet, EMC-Gynécologi, 20213601 -1 )
(iSIORT (iSIORT

Surgical technique Surgical technique

Tumour resection till the muscle

Detachment of the gland

PhilpsonC, Nogaret M, Desmets,

A pE—— ; .,
o Y] - s P
i
(iSIORT
Surgical technique
Surgical technique
Shield positioning on the muscle Shield positioning on the muscle
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(ISIORT

gismg

Surgical technique Surgical technique

Suture of the tumour bed Applicator positioning

oSy, PhillppsonC, e ™, Desmeta, é 1,36(1):1-11 s, PhilippsonC, Nogaret I, Desmet A, EMC-Gyneé 1:3601):1-11
13 ippsonc, . 182 ippson, N
JuLES DoRDET Jus |5 ] JuLES BORDET sy ]

(\jstT

Surgical technique
Surgical technique . -
automatic Soft docking Shield removal, oncoplastic surgery

Es3 Philopsonc. Nogaret, Simen', Desmet .
T o ]
(ISIORT (ISIORT
Specific technique Specific technique |
R . . Applicator
. Margins . Thoracic shield
. 10 to 20 mm (except anterior and posterior) . Diameter 10 to 15 mm bigger than Shield equiped with
. Peroperative analysis margins applicator diameter lening rocs

. Perfect shield coverage

" " . Protection of the healthy ti
. Applicator diameter rotection of the healthy tissues

. 40 to 45 mm bigger than the tumour size (pT perop)
. Energy choise
. In function of the maximum target tissue thickness

. Safety margin (measured with a needle)

. Surgery + IORT treat at least 35 to 40 mm around the tumor

. In vivo dosimetry
. o . 3LFTLD
(2 02

; .
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Prelude software
. Optimize the choice of energies and applicators
. Record and verify system

s, Ty rerereme=es B rooma s et

(ISIORT
Prelude software
. 2D dose distribution

oS

Jules Bordet experience

. February 2010 till October 2019

. Review of 996 evaluable first patients with invasive ductal
breast cancer

vy H i H
(lSlURJ (ISIORT

Jules Bordet experience
. Age (median 61.5y)

. Dose 21 Gy on the 90% isodose = Age <50
K m Age 50-59
. Median follow-up: 71.9 months = Age 60-69
mAge >=70
ELX . 2 o
" Sits somoer s P2 e sonaer fuus 2
(ISIURT (ISIORT
Jules Bordet experience Jules Bordet experience
. Molecular subtypes . Pathological Stage
< 54%
w00
400 37%
Luminal A-like
%0
® Luminal B-like
 Non luminal HER2+ 200
H Triple Negative
100 6% 3%
, Il —
s s e m
R . mpTla ®WpTlb ®pTic WpT2
L3 . s N
" St somoer s P2 e sonaer fuus 2
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(ISIORT (ISIORT
.+ Jules Bordet experience .+ Jules Bordet experience
. Collimator distribution for pT1la pT1lb pTlc & pT2 . Energy distribution
pT1a applicator size pT1b applicator size
’:: ";: 56 Mev
35 a5 50 55 50 s 50 55 0 6 u9MeV
» 12 MeV
pT1c applicator size pT2 applicator size
.'J b o as s0 55 60 &5 o 55 60 ’: ..i' A
e o X e o
. Jules Bordet experience . Jules Bordet experience
. Pathology . Adjuvant therapies
. molecular subtypes
comorbidities
pNO 96,4% Chemotherapy
No Yes
pN1mic 2,1%
v €
e e s Yes 73,6% | 155%
Eg
55
N2 01% g No 2,9% 8,0%
98%
m Ductal & other favourable subtypes M Lobular
£ . o
e o [ fous P2

gistT (

SIORT

. Jules Bordet experience
. Oncological Results:

IPSILATERAL BREAST TUMOR CONTROL

o 97,3% 96,5% @median FU
. Locoregional control o
. 37 IBRT (16 in the same quadrant)
. IBRT@5y: 2,7% (@median f-up 3,5%)
. 5lymph node metastasis (of which 1 had prior LR)

. Distant control
. 22 distant metastasis (of which 6 had prior LR)
. 60 deaths (6%) (1,2% attribuable to BC, BCSS @5y: 99,3%)
. Overall relapse-free survival @ 5y: 92,3% (@median f-up 90,3%) " = “
. Rate of distant metastasis @ 5y: 1,7% (@median f-up 2,2%)
-}21' . Overall survival @ 5y: 95,9% (@median f-up 94,4%) o '1:1-

FOLLOW.AP [MONTHS)]
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(ISIORT (ISIORT
U U
LOCOREGIONAL TUMOR CONTROL
IN-QUADRANT BREAST TUMOR CONTROL e
Lo o B
M 99,1% 98,6% @median FU 97% 96,1% @median FU
B
«
o
“
w
w
: N “ LT - “
i e [E——.
" Juies sosoer " Jules somaer
(ISIORT (iSIORT
Ipsilateral Breast Tumor Control vs Age Category IPSILATERAL BREAST TUMOR CONTROL
1.04
09|
061
“
0.7
0el
o Bl les lemon |
041 <50 95,2% 93,7% 0y
TL 1 1
03 50-59 97,7% 96,1% Bos 0% 0%
T1b 983% 97,8%
024 60-69 98,2% 97,7% wl P °
TIc&pT2  962% 953%
014 =70 96,9% 96,9% Log-rank p=0.238 PECSE
0.0 . Log-rank p=0.033
T T T T T T T T o
0 20 40 60 80 100 120 140
analysis time S T T
0 [Age <60 —— Age50-58——- Age60-69-~-~ Age>=70— —| [
4 ? .
o] o ]
IPSILATERAL BREAST TUMOR CONTROL
IPSILATERAL BREAST TUMOR CONTRL vs PLURIFOCALITY
vs GRADE T
=

Bl cece lesy lemedru |

G1 98,8% 98 %
"G 9%,7% 9,2%
v 63 95,6 % 93,7%
" Log-rank p=0.099
4 s 3

JULES BORDET

| SR,

QLouritocaiiy [@sy | @med.ru |

pad :

JULES BORDET

no 97,4% 96,8 %
yes 91,9% 86,8 %
Log-rank p=0.006
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(ISIORT (ISIORT
IPSILATERAL BREAST TUMOR CONTROL.
) Vs PREVIOUS BREAST CANCER HISTORY Ipsilateral Breast Tumor Control vs Molecular Subtypes

=

koo ano-o-—co o

0.5 Luminal Alike 97,7% 97,7%
Y no 97,7% 96,7% 0.3 TNBC 92,2% 92,2%
" yes 92,9% 92,9% 027 Non-Luminal Her2+  95,0% 95,0%
K Log-rank p=0.001 0.1 Log-rank p=0.044
w 0.0
. o 20 40 60 80 100 120 140
. - B . B - w o analysis time
(== Luminal A-like ~ ————~- Luminal B-like
o ol - — - HER2 — — - Triple Negative
on ° e o
JuLEs BoRoET Jus |5 ] Jules noroer sy ]
(ISIORT (ISIORT
nclusion
Ipsilateral Breast Tumor Control vs Molecular Subtypes stratified by tumor size + Conclusions
pTla & pTib (N=428) pTlc & pT2 (N=568)
. Low rate of breast cancer local recurrence after IOERT
Molecular Molecular @ med. FU ienifi irradiati f isk
s s . Insignificant irradiation of organs at ris
Luminal A-like 98,7 % 98,3 % Luminal A-like 96,9 % 96,1% .+ No negative impact on breast-cancer mortality
Luminal B-like 98,9 % 97,9% Luminal B-like 97,4 % 95,1% . Appropriate applicator size according to tumour size (IOERT
TNBC 96,0% 96,0 % TNBC 90,9% 90,9 % PTV adapted to the pT)
Non-Luminal 97,5% 97,5% Non-Luminal 94,4% 94,4 % : ~
i i . Importance of preoperative work-up
. Importance of surgical procedure
Log-rank p=0.67 Log-rank p=0.12 . Acute and late toxicity rates very low
4 > :
(iSIORT (iSIORT

. Conclusions .
. Conclusions

. Multifocality, history of BC and pT are statistically p ive for the f .
significantly associated with an increased local + Perspective for the future:
recurrence rate « If we exclude

. TNBC are most likely associated with an increased local
recurrence rate in larger size tumours.

Plurifocality in pre/perop
. Previous history of breast cancer
. TNBC and neu+ (HR-) pT1lc

. Compliance with systemic treatments . lum B pT1lc who refused their systemic treatment
. Gain in quality of life — 18% of our series : 17 LC (and not 37): KM rec rate@5y: 1,5%
. Necessity of a multidisciplinary team....

£ N 2 N
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Thanks to all the team and particularly to Jean-Marie Nogaret,
Stéphane Simon, Antoine Desmet and Samuel Larsen for their contribution.

THANK YOU FOR YOUR ATTENTION
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Cristina Leonardi, MD

Division of Radiation Oncology
European Institute of Oncology
Milan, Iltaly

ELIOT and POLO Trials in Breast
Cancer

Maria Cristina Leonardi, MD
1EQ, European Institute of Oncology IRCCS

)iFO ”

Advanert Radictherapy Center

1999: the start of decaltin concept

From ole Breast Irradt‘san
to
Partial Breast Irradiation
( the minimum effective therapy)

ELIOT TRIAL: 11/2000-12/2007
- ] |- ipsilatersl breast tumour recurrence {IBTR) incidence - a3 trua iocal relapse of naw
ipsitateral breast tumar (u;:u: ::na date of Hnd;minlinn to the date of any first event),

v
14 e ot o

},ﬁﬂ-ﬁﬂ;‘qﬂ\" Y i T T
Women 4875 years of age
Clinical diagnosis of a unicentric carcinoma
(US diameter not exceeding 25 mm)
Clinically negative axillary lymph nodes

L

i
"l Suitable for breast-conserving surgery | R roenor S |
[T Froviously ealed Breast contar | | e ey
i History of malignancy v g g I T
Ilg_; Prior RT to the chest iu-m-.m..;.-a:u_.m\ 1 ] I
{11 Conaitians preciuding reguiar follow= UP A8 | iy Do L somertmmens |
8 radictherapy s g fros [ R

Tumor size <1-2 em B&% BB%
Tumer size 2 13% 16%

Tumar T inc B1% T9%

TumsrType ILQ 8% < = > 9%

Tumor grade G1-62 79% 7%

Tumer grade 63 20% 23% LVland EIC cannot

Age SO 7% bes be detected
51-89 4% 41% reoperativel
360 50% 52% Rreap v

EIC Present 50% 51%

EIC  Absent 50% 497,

Nodes status tive 74% 73%

Roder sraror P zsf.<F> 27%

(6% 24Kw) (5%24Ne) )
ER  Positive 0% 91 a2 IEQ
ER  Negative 10% 9% ¥

laraioug Mider AT,

TP T

T
-nae.-mw' IEQ

The ELIOT trial was designed more than
20 years ago, when risk factors were still
paorly understood, leading to the
inclusion of high-risk patients ........
Better selection is probably key for the
success of APBI trials..”

To show equivalence between groups, 5-year

local recurrence rate of 3% was assumed in the
WEBI arm and 7.5% in the ELIOT arm, in order
not to exceed that of the WBI arm by 2.5 times

Expected rate Observed rate
EBRT arm EBRT arm: 0.4%

ELIOT arm: 4.4%

ELIOT arm: 7.5% o)
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versus external radiotheragy for
warly broast cancer {ELIOT): a randomised controlled
equivalancatrial

B #Ermli

S S L AT
bt s S g e et o i 3
et s e, bt A B L ey

WBlarm 4R, overall 0.4% ELIOTarm 35 LR, overall 4.4%

increased rate of ipsilateral breast tumer recurrence (IBTR) in the:

ELIOT group compared with the WBI group.

Tasso atteso Tasso osservato

EBRT arm: 3%

EBRT arm: 0.4%

ELIOT arm: 7.5% ELIOT arm; 4.4

IORT arm: 5-year LR event rate of 4.4%
(95% €1 2.7-6,1), within the prespecified
equivalence margin of 7.5%.

[EO
g (ﬂfé:J

Furipeol

L R S T e
it mated T kil

Multivariate analysis

Patients [BTR§.yearovent Log-rank
{UN)  rate(§5%00) pvalue’
Characteristics sugqesting subisequent whole breast irradiation

[ Wi 15%0327 |
[ T TG |00

| ELOT
TRIAL

1BTRwipsilateral breast tumor réeumence, *Crersll p value *Tomour larger than
LD, o tour o tore pestive nodes, grade 3, of triple negative

>2em] [zans) (Ga))riplenegative]

[EO
Guidelines staicinents [ Strenghof  Steowgthaf  Pervow (02} | T ditn
evidenre  Tecommumdation  Arrvement |
New Loy guvesdiont, H Bich pativires muy e cowidered fue speraive purtial hicant iesadi
W T e Ty T e T T Nvng
suugvod wirk whide Yot wmadiudion ot lanpecion | '
fo vt comseration shonid b cmsalid that m b |
cliwal izl she el of THTR win foghorwi IGRT. | |
4 b ot busim BT <ol be mm.-ml wowwmet vl | ML Mg
e et conwdered “suiahle™ forpartaal bwt |
Al meslaan r‘«n\lbfnﬂ"\"l'\“ - —
Additional considerations X

Prtients macting ariera for trommment with 1ORT gunerally
v i low abselute msk of IBTR. et thin sk pendsts over n
long period, likely at leawt 10 yoass, These binlogic
comidentiens, eouplod with the current follow-up reparted
froem the ELIOT and TARGIT wishs, it is recommaonded that
patients tremed with IORT underye rowmine Jongeterm

of wn AN TR D ildenor- et Cansrman.
Sastomen

atineo Luropes
ColooK

o

A dobrratesd Pariial irrast Bevumtisiion; §plab

D e R o Py

Tollow-up for 2t lenst o 10 years 10 seroen for IRTR. P R T e

—

e
e
lufifutg By
O ‘9’,‘.:'1 )
1y o
T g ey w8
el ;—::.-M iy W
s W
| imnagpenive madation forcady eat ome FUOT; 3D - %
H g bermm peveerice anduevival ovdcomes fmma " “
| u@muﬂmmmvm.mfw G =
- R s 3
] e i 2 5 @
— _— l Local recurrence rate m B
s st ELIOT group = 70 cases, 11% e o
il S SR W s
T e ML MDD ETE T |WBI group = 16 cases, 2% o p
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glastrargualicat
«For patients defined as cautionary under the ASTRO D o b s . s
criteria it is reported @ 15-year BC recurrence rate of 10%
—surprisingly lower than the 15-year BC recurrence rate
in patients defined as suitable (13+1%), which was, in

turn, unexpectedly high» = contradictory

@ sops
Mgk vt rroraity g Sediner;
L Arsmweatn, Saaing Aunlila WH]

~higher-risk tumors tend to relapse shortly after diagnosis
lower-risk tumours are more indolent under hormonal manipulation.
Its cessation after 5 years might account for the accelerated pace of local
relapses, stressing the importance of long follow-up
0 IEO
T & Cnccledia.

Intvanpeastive iradiation far wasly beeast cancor (TUOT): 3@
Tang-t eand foutcomes from a
Ainglete ot randonused, phate ] soivalence tial
S T e Tl 3:Factors necice vt ol et e 5 et oy gt v et rcpertve dcthengy osent ot ptier)
g T o  R—h
S Lot Bk Pt e, it v e o v, § v 1 A — Hamitd gt AN sk
= == w 1 7 ITNERN AmERD " T
o B I.L'?\i‘:'-ivdd.' bIES3 E3181) | Al
o " q‘l:“ |‘|\l i t.: - " L T.\.l“ L} m.-;-‘n;- e A ;
il ] PR0CH)  N0BHET  BEEFUD
. ; . B -
F——— o " B 5 lco R 2 T I T 2
A— TS i i
*Gerd Fgvmer. Kol "
Correspondence FeluSedimayer ELIOT trial — CONCLUSIONS

= The long-term analysis of the ELIOT study confirms a higher rate of
IBTR in the ELIOT group respect to the WBI one - without any
differences in distant relapse and overall survival between the
groups.

= ELIOT association with a significant increase in local and regional
recurrence did not associate with any effect on distant metastasis,
cancer-specific survival, or overall survival.

* The higher rate of lymph node relapse observed in the ELIOT
group than in the WBI group might be explained by the absence of
any radiation dose to the first axillary level by ;ntraoperaw
radiotherapy. lEO e

o

ELIOT trial — CONCLUSIONS

* Subgroup of women (10.8%) with small (<1 cm), G1, luminal A
tumours, with Ki-67<14%. Very low risk population (<1.3% at 10
years), for whom ELIOT is safe (importance of size found by
NSABP B-39/ RTOG 0413 trial as well)

* The selection of the ideal candidate for intracperative radiotherapy
should be stricter than that described in the suitable category by
the ASTRO guidelines on APBI. In fact, we observed a high rate
of IBTR after ELIOT in patients classified as being suitable for
APBI according to the latest ASTRO guidelines.

*Guostaun Nader Martalt,
Lo Mratuinit
guntavsrmarlag gl cam

EConm R iy

ey Bupsmimeny, Cary wany Mupta

* Indirect comparison between provia-
PRIMEZ (pts > 65 years, 10 year-LR 9.8%)
CALGB 9343(pts > 70 years, 10-year LR 10%)
APBI-IMRT Florence (10 year-LR 2.5%)

Highlighted the benefits of partial breast irradiation for adequately
selected patients.

Firemen, Mieras. My (M
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«Question of whether target voiumes were sufficiently }_'Cj:ﬂm Foland '».u{?ﬂj_z;_‘?-. Ma nagem entands 'gniﬁca nce of IOE RT local rela pse

encompassed by tumouricidal doses of 21 Gy ..... g lastrerrakat
Appropriate target volumes with |ORT are generally Depuramaosuladubinsps Pk Dossipn
achieved by use of the correct sizes of tube diameters R et
and electron energies.... their first publication (2013), the 15 ¥ brstmeat yusdiagy Fasin

1 Mngd ey Lawry lonpa L,
authors also reported the use of smaller-sized tubes, tantihbennas, S, St )
which might lead to insufficient coverage ... a sub-group
analysis for these results has not been provided with the
|atest Article»

Unlike in the first publication of ELIOT, we did not want to categorise LR Differant Broancstic and era eutic implicati 5
according to the tumour site. We believe that the true value of any APBI P pRse piEaRanat

lies in the potential for control of the disease across the whole breast. Inadeguate CTV coverage Tumer biology

|Undetected distant tumor focl

2ndBes 3s/70 8/16 6/10 8 9/38 a/18

2ndBCSHRT NS NS 46 (WBI 45 - 418 ( zmg

50.4 Gy) P8I)

mastectarmy 24170 5/16 a/10 a3 i8/38 13/18

Mastectomy + KT NS NS - - - 218

Pallativefrefusal  2/70 = 8 13 118
_missing /70 316 - . B -

- The main criterion for delivering WBI rather than
¥iq EQ second APBI was the site of recurrence in the breast:
’ it fprog) when first 18R was TR/MIM, WBI was offered In 70% of the
& Grcgisgia cases (32/46}, whereas APSI In 20%(5/17),

W - 3 2
o bpeadiry b Amatch-paired £
bt i o At Fon P s subanalysis of TINO-1 LRs -
e e e
2nd BCS LndlBLiere.  Hozard e e showedno difference

Qutcome Allpts M (n135) @iane(n26) RV(n&3) ratie, p inlocal mun; nd DFS
SR 4% 7% 25.5% 37% h'“"“"m’; A0dBC
HR 5 va dndACHire- 1.81
A1 P05
HR 2ndBCS alone vs. 5.63 A Basa bt RSTA —— ey
2naDCH reRT p=0.006 'y Lo 7 - A e
5y 05 B3.3%  BEA% 86.1% 96% ' a4
HR 511 v 2nd B0 S e 327 5 %™ H
AT p=0.06 % %l
HR 2ndBCS alone ve. 838 L S i
IndDCSs o RT p=0.04 ; biadt i 1

P
SYDFs 67.4%  619% 52.9% 83.3% 2 rd i
HR 41 ws Znaliea- 2.13 "

X — e e et
et pedok L Bl v BLUS :;r'z\nwr ,_f
HR 2ndBCS alonc va 321 W= T b
w1 7 3 e 2 om0t om o v 2 . s . 7 .

G5+ reHT p=0.003 R Vs brvsens sl srpers
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SHORT COMMUNICATION
The POLO (Partially Omitted Lobe) approach to
zafely treat in-breast recurrence after intraoperative
radlotherapy with electrons

planning objectives for boast PTV
. LR - i

RED s

94 20,

2012to 2017

2.25Gy/ 20 fr 2.25 Gy / 20 fr + SIB 2.50Gy/20 fr

No grade 23 late toxiclty occurred .Lf-:
No LR at medlan FU of 79 months femerlic

Thank you
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The Future of Electron Therapy

IntraOpe® Mobetron®
has proven success
in treating multiple
indications of cancer.

N

* IntraOp
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Surgery and IORT for Treatment of

Persistent /Recurrent Head and Neck

Cancers

Dukagjin Blakaj, M.D, Ph.D, Assoc. Professor

Ohio State University, Columbus, OH, USA
L Thursday, Oct. 20, 3:30 pm

irradiation and electron IORT boost in
early-stage breast cancer

Gerd Fastner, M.D., Professor
Paracelsus Medical University Clinics,
Salzburg, Austria

Friday, Oct. 21, 9:00 am

Multi-Institution Phase Il Trial
of Intraoperative Electron Beam

Conserving Surgery with Oncoplastic
Reconstruction in Women with Early-
Stage Breast Cancer

Jose Bazan, M.D., Assoc. Professor

Friday, Oct. 21, 10:00 am

Single Treatment Electron IORT for

Experience
Catherine Philippson, M.D.
Institut Jules Bordet
Brussels, Belgium

L Friday, Oct. 21, 11:20 am

The Evolution of Pancreatic

Cancer Treatment

Cristina Ferrone, M.D., Director

Liver Surgery Program, Massachusetts
General Hospital, Boston, MA, USA
Thursday, Oct. 20, 1:00 pm

IORT in Pancreatic Carcinoma

Eric Miller, M.D., Ph.D., Assoc. Professor
Ohio State University, Columbus, OH, USA
L Thursday, Oct. 20, 1:20 pm

IORT in Rectal Carcinoma

Alex Mirnezami, M.D., Professor
University of Southampton,
Southampton, UK

Thursday, Oct. 20, 1:40 pm

Mayo Experience of IORT in Rectal
Carcinoma

Michael Haddock, M.D., Professor
Mayo Clinic, Rochester, MN, USA

L Thursday, Oct. 20, 2:00 pm

IORT in Sarcomas

Steve Braunstein, M.D., Assoc. Professor
University of California San Francisco,
San Francisco, CA, USA

L Friday, Oct. 21, 1:00 pm

[~ Combining Immunotherapy with Salvage

HIOB trial: Hypofractionated whole breast

Radiotherapy Boost at the Time of Breast

The Ohio State University, Columbus, OH, USA

Breast Cancer; The Jules Bordet Institute

Latest advancements in
image-guided IORT and
the clinical translation of
FLASH radiotherapy

History and Future of IORT
Don Goer, Ph.D., Scientist
IntraOp Medical Corporation
Thursday, Oct. 20, 8:30 am

Radiobiological Aspects of IORT/FLASH
Jessica Fleming, Ph.D., Radiobiologist
The Ohio State University, Columbus, OH
Thursday, Oct. 20, 9:00 am

Clinical perspective on the present state
and new developments in electron-based
IORT; FLASH

Falk Roder, M.D., Professor

Paracelsus Medical University Clinics,
Salzburg, Austria

Thursday, Oct. 20, 9:20 am

Physicist’s perspective on the present
state and new developments in electron-
based IORT

Markus Stana, Ph.D., Medical Physicist
Paracelsus Medical University Clinics
Salzburg, Austria

Thursday, Oct. 20, 9:50 am

Physics in FLASH Radiotherapy

Ahmet Ayan, Ph.D., Medical Physicist
The Ohio State University, Columbus, OH
Thursday, Oct. 20, 10:30 am

CT Imaging in Electron Based IORT -
current status and future perspectives
Christoph Gaisberger, Ph.D, Med. Physicist
Paracelsus Medical University Clinics,
Salzburg, Austria

Thursday, Oct. 20, 10:50 am

IntraOp.com




