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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. 

Our conference features experts from several nations – Germany, Austria, 
Italy, the United Kingdom, Spain, Belgium and the United States. Our speakers’ 
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
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Agenda

Thursday, Oct. 20

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 Röder, 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

7:30 a.m.

8:25 a.m.

8:30 a.m.

9 a.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

9:20 a.m.

9:50 a.m.

10:10 a.m.

10:30 a.m.

10:50 a.m. 

11:10 a.m. 

11:30 a.m.

1 p.m. 

Noon

1:20 p.m. 
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Agenda

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

GI 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

1:40 p.m.

2 p.m.

2:20 p.m.

2:50 p.m.

3:10 p.m.

3:30 p.m.

3:50 p.m.

6:30 p.m.

Thursday, Oct. 20
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Agenda

Changes in Peripheral Immune Cells After 
Intraoperative Radiation Therapy in Low-Risk 
Breast Cancer
Ferran Guedea, MD
Chair
Department of Radiation Oncology
Institut Català 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

Friday, Oct. 21

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/II Breast Cancer:  
10-Year Results of a Phase III Randomized Study
Antonella Ciabattoni, MD
Radiation Oncologist
UOC Radiotherapy
San Filippo Neri Hospital, Rome, Italy

Multi-institution Phase II 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

8:00 a.m.

9 a.m.

9:20 a.m.

9:40 a.m.

10 a.m.

10:20 a.m.

10:40 a.m.

11 a.m.

11:20 a.m.

11:40 a.m.

Noon

2:05 p.m.

2:20 p.m.

1 p.m.

1:20 p.m.
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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 Iowa, 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 II Trial of Intraoperative Electron Beam Radiotherapy Boost at the 
Time of Breast Conserving Surgery with Oncoplastic Reconstruction in Women with Early-Stage Breast Cancer).
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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 R01 
applications.

Nationally, Dr. Blakai is a member of the NCI 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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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.

Speaker biographies
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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 IOeRT 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.

Speaker biographies
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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 Autónoma 
de Barcelona (UAB, 1983 and 1988). He is currently director of radiotherapy oncology at the Institut Català 
d’Oncologia (ICO) and professor at the Universidad de Barcelona (UB). Dr. Guedea is president of the technical 
committee at the Asociación contra el Cáncer (ACC) in Barcelona and corresponding academician of the Real 
Academia de Medicina de Cataluña (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 Investigación Biomédica de Bellvitge (IDIBELL), recognized by the Agencia de Ayudas Universitarias y de 
Investigación (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 Iintra-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
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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 
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TTHHEE  HHIISSTTOORRYY  AANNDD  FFUUTTUURREE  OOFF  IIOORRTT

DDIISSCCLLOOSSUURREESS

• 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)

EEaarrlliieesstt  ttrreeaattmmeenntt  wwiitthh  
IIOORRTT
-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.

TThhee  EEmmeerrggeennccee  ooff  EElleeccttrroonn  BBeeaammss  ffoorr  IIOORRTT

• 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

• IORT Strategy was to deliver all of the 
radiation in a single dose of 25-40 Gy

Toshiba 32 MeV Betatron at Kyoto

1 2

3 4

5 6
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Electron IORT by 
Patient Transportation 

•

•

• the  OT 
area

CChhaannggee  fflloooorrss  uussiinngg  eelleevvaattoorrss
•

TTrreeaattmmeenntt  wwiitthh  ccoonnvveennttiioonnaall  uunniitt  aafftteerr  ppaattiieenntt  ttrraannssppoorrttaattiioonn

IntraOp Medical Corporation 11
Varian Clinac 35 at MGH

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

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.

7 8

9 10

11 12
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EErraa  ooff  tthhee  DDeeddiiccaatteedd  IIOORRTT  LLiinnaacc
((eeaarrllyy  11998800ss  ttoo  mmiidd--11999900ss))

• This led to the development of dedicated linacs for the 
OT.

• Siemens ME (Heidelberg, Essen, Munich, Freiburg, MDACC, OSU, 
MGH)

• Modified Varian Clinac (Mayo Clinic)
• Modified Philips (Eindhoven, Salzburg)

• A conventional or modified linac unit in the OT eliminated the 
problems associated with patient transportation.  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 for increasing the volume of IORT, other less 
costly approaches were also considered.

DDeeddiiccaatteedd  IIOORRTT  uunniittss  oonn  tthhee  ggrroouunndd  fflloooorr  wwiitthhiinn  tthhee  OOTT  
ddeeppaarrttmmeenntt  aanndd  OOTT  bbuuiilltt  iinn  tthhee  RRTT  ddeeppaarrttmmeenntt

• 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)

OOtthheerr  IIOORRTT  AApppprrooaacchheess

• 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 NCI also conducted 
the first randomized IORT trial in RPS and gastric cancer.  IORT 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) Mayo (also has electron IORT) John Hopkins
OSU (also has electron IORT)

13 14

15 16

17 18
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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 for increasing the volume of IORT, other less 
costly approaches were also considered.

DDeeddiiccaatteedd  IIOORRTT  uunniittss  oonn  tthhee  ggrroouunndd  fflloooorr  wwiitthhiinn  tthhee  OOTT  
ddeeppaarrttmmeenntt  aanndd  OOTT  bbuuiilltt  iinn  tthhee  RRTT  ddeeppaarrttmmeenntt

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

• Some built an OT adjacent to or 
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OOtthheerr  IIOORRTT  AApppprrooaacchheess

• 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 NCI also conducted 
the first randomized IORT trial in RPS and gastric cancer.  IORT 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.
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TTHHEE  EERRAA  OOFF  MMOOBBIILLEE  EELLEECCTTRROONN  IIOORRTT
((LLaattee  11999977  ttoo  tthhee  PPrreesseenntt))

Mobetron S.I.T Linacs

DDiiffffeerreenntt  mmoobbiillee  eelleeccttrroonn  IIOORRTT  aapppprrooaacchheess

Mobetron
• Unit is Self-shielded      unit is heavy 
• Soft Docking ….Now auto-docking
• QA applicator and phantom
• Applicators in 5 mm increments
• Large field applicators

Novac, Liac, S.I.T
• Lighter unit but with mobile shields 

that need to be positioned about and 
under the surgical before treatment.

• Hard-docking
• Variable field-shaper

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

MMoobbiillee  IIOORRTT  
IImmpprroovveemmeennttss
• 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

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…

• IORT 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.  
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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(1) 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.

a b

c

(1) Silverstein M, et al., Recurrence and Survival Rates for 1400 Early Breast Tumors Treated with Intraoperative Radiation Therapy (IORT)  Ann Surg Oncol (2022); 29(6):3726-3736

Papillon
• Designed to treat Anal Cancer with 50 

kV administered by endocavitary
radiation with the goal of organ 
preservation.

• A randomized trial(1) has shown that 
endocavitary boost with 50 kV x-rays 
combined with neo adjuvant chemo 
radiotherapy for cT2-T3 < 5cm :  
▪ Significantly increases the rate of Clinical complete 

response (64% vs 92%). 
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Professional and Society Developments

Beginning in 1988 in Toledo Ohio, IORT Meetings were held on an 
Ad Hoc basis approximately every 2 years---Kyoto, Munich, Lyon.  At 
the 1996 San Francisco Meeting, it was decided to create a 
professional IORT society called the ISIORT.

Formation and activities of the ISIORT

• Membership open to surgeons and radoncs
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• Web Site (www.ISIORT.org) 
• Early attempts at International IORT trials were unsuccessful.
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ISIORT Proposed Protocols
NNeevveerr  IImmpplleemmeenntteedd

ISIORT-EUROPE
In 2005, the European ISIORT centers formed 
ISIORT-Europe.  They would have a one-day 
meeting in conjunction with the GEC-ESTRO in 
years that the ISIORT dis not meet.  Have met in 
Montpellier, Porto, London, Geneva, and 
Barcelona.
• 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

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

AAcccceelleerraattiinngg  RReesseeaarrcchh  aanndd  CCoollllaabboorraattiioonn
PPrroossppeeccttiivvee  TTrriiaallss

• 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 combined with total neoadjuvant therapy in borderline 
pancreatic cancer

AAcccceelleerraattiinngg  RReesseeaarrcchh  aanndd  CCoollllaabboorraattiioonn
PPrroossppeeccttiivvee  TTrriiaallss  ((CCoonnttiinnuueedd))

• 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-resistant melanoma with dose escalation (Lausanne)
• Lance--NMSC randomized phase II trial for BCC and SCC  (Lausanne)

AAcccceelleerraattiinngg  RReesseeaarrcchh  aanndd  CCoollllaabboorraattiioonn
UU..SS  RReeggiissttrriieess

• 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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FFUUTTUURREE  ooff  IIOORRTT::    IIOORRTT  ccoommbbiinneedd  wwiitthh  FFLLAASSHH
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

FFUUTTUURREE  ooff  IIOORRTT::    IIOORRTT  BBoooosstt  ffoorr  BBrreeaasstt  dduuee  ttoo  
iinnccrreeaassiinngg  uussee  ooff  OOnnccooppllaassttiicc  pprroocceedduurreess
Background
➢Breast surgeons are increasingly using oncoplastic reconstruction in surgery for 

early-stage breast cancer.
➢It is 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.

SSPPEECCUULLAATTIIVVEE  OOPPPPOORRTTUUNNIITTIIEESS  ??

CCAANN  IIOORRTT  RREEPPLLAACCEE  HHTT  IINN  WWOOMMEENN  >>  7700  WWIITTHH  BBRREEAASSTT  CCAANNCCEERR??

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.  

CCOONNCCLLUUSSIIOONNSS

• 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 HNSALV, 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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CCOONNCCLLUUSSIIOONNSS

• 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 HNSALV, 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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Thanks to Len Gunderson and Felix Sedlmayer for providing me with 
some important information regarding the dates and locations of 
some of the early IORT Meetings
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Future Perspectives

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.

IORT and FLASH radiotherapy have the potential to revolutionize the way we treat cancer patients.
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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:

And please visit the Department of Radiation 
Oncology at radiationoncology.osu.edu
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A (historical) review of UHD beams used in 
radiotherapy and radiobiology 

DD..  LL..  DDeewweeyy  aanndd  JJ..WW..  BBooaagg, “Modification of the Oxygen Effect when Bacteria 
are given Large Pulses of Radiation”, Nature, Vol 83, p1450‐1451, 11995599

• 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 eelleeccttrroonn  bbeeaamm  of doses of 10‐20 
krad delivered in 2µs 
100‐200 Gy/pulse
0.5‐1 x1010 rad/s = 0.5‐1 x 108 Gy/s

• “… when large single pulse is used, the same bacteria saturated with the 
same oxygen‐nitrogen mixture show the lower sensitivity corresponding 
to anaerobic irradiation”.

CC..DD..  TToowwnn,” Effect of High Dose Rates on Survival of Mammalian Cells” 
Nature, Vol 125, p847‐848, 11996677

• 14 MeV eelleeccttrroonn  bbeeaamm  of 1.3 µs 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

9 Gy

Single pulse

Two pulses

• “… 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. [Radiotherapy and Oncology 139 (2019) 40–45] modified 
an ELEKTA Precise linac
• 10 MeV electron beam 
• 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 [Int J Radiation Oncol Biol Phys, Vol. 97, No. 1, pp. 195e203, 
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
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Custom built linear accelerators

• Oriatron eRT6 was custom built for the Lausanne 
University Hospital (Switzerland) by a commercial 
company of the ALCEN Group

• Jaccard et al [Med. Phys. 45 (2), February 2018] published 
the machine characterization 

• Nominal electron beam energies of 5 and 6 MeV 
with dose rates up to  200 Gy/s

UHDR with Proton beams 

• UPenn IBA Proteus Plus with 230 MeV fixed 
proton beam line [Diffenderfer et al., Int J Radiation 
Oncol Biol Phys, Vol. 106, No. 2, pp. 440e448, 2020] 

• Double scattered beam with achieved dose 
rate of 94 Gy/s

• UPenn also created a SOBP beam [Kim et al., 

Cancers 2021, 13, 4244] with a ridge filter

• Achieved dose rate of 108 Gy/s in the SOBP
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wide and separated by a few hundred µm
• Photons of median energy of 100 keV 
• As high as 16000 Gy/s in slice ( Mean dose rate of 
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• Photon energies of 60‐500 keV are possible with a field 
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Challenges with UHDR beam measurements with IC

• 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
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are rendered useless due to high ion recombination effects

• Petersson et al [Medical Physics, 44 (3), March 2017] studied the ion 
recombination characteristics of the Advanced Markus 
Chambers (PTW) with UHDR electron beam

• Ion collection efficiency of the Advanced Markus chamber 
decreases for measurements in electron beams with 
increasing dose‐per‐pulse Pulse widths: 0.5, 1.0, 

and 1.8 us

UHDR beam measurement with GafChromic film

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

• Benchmarked against TLD (known to be 
independent of dose rate)

• Demonstrated to be dose‐rate 
independent up to the 8x106 Gy/s

• Demonstrated to be energy independent 
for 4, 8, and 12 MeV e‐ beams
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UHDR beam measurement with Alenine
• A study 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 𝐷𝐷� dependence for doses up to 
5 kGy. 

Beam time signatures monitoring with Current Transformer

• An independent (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

1994, Beam instrumentation CERN lectured Notes

Beam time signatures monitoring with Current Transformer
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IntraOp Mobetron Electron Beam Linear Accelerator

RX DOSE RX DOSE RATE

Our radiobiologists & physicians would like to prescribe

Dpp PRF

PW Dose Rate

N of pulses

This is what we have

• For the high‐dose‐rates beam, we can program/select
• Nominal Pulse Widths / s { 1, 1.6, 2, 3, 4 }
• PRF  {10, 20, 30, 45, 60} Hz
• # of pulses  {1, 2, .. 200}

• Of course, one can introduce SSD into the 
free parameters to choose from

Pulsed electron beam: 𝐷𝐷 vs 𝐷𝐷� vs 𝑁𝑁 
• If N=1, the dose rate is dominated by the pulse width

• If N>1, the dose rate is dominated by the PRF

• Different collimation and irradiation setup & geometries will 
most likely require different Dpp
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Shielding considerations with FLASH RT

Implications of UHDR on shielding
• USNRC Federal limit for instantaneous 
dose rate in uncontrolled areas: < 0.02 
mSv (20 µSv) in any hour
• This is NOT equivalent to measured dose rate, i.e., 

not 20 µSv/hr

• Standard linac vaults (designed for 18X) 
may not be enough

• Potential concerns are
• Bremsstrahlung photons
• Neutron activation

Fig 5.7 in Podgorsak, Radiation Physics for Medical 
Physicists

Bremsstrahlung Yield by Electrons in H20, Al, Cu, 
Pb

• Bremsstrahlung yield of a charged particle with KE (EK0) 
striking an absorber is defined as that fraction of the initial 
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
• At UHDRs, dose rate from bremsstrahlung photons is an order of magnitude 

higher than that from an 18 MV beam
• Poirier et al [Medical Physics. 2021;48:5396–5405]  investigated the shielding by 

radiation survey results from 16 MeV UHDR electron beam in a vault designed for 
18MV photon beam

• Radiation surveys were performed using a survey meter (Fluke 451P) and Wendi‐2 
neutron detectors

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

• neutron activation of linac components can reach 25 μSv/h near the isocenter 
following FLASH‐RT delivery, but dissipates within minutes, and total doses within 
an hour are below 20 μSv.

Shielding considerations for proton UHDR beams

• Xiao et al [Med Phys. Sept 2022, https://doi.org/10.1002/mp.15964] 
investigated the validity of their proton vault shielding in UHDR 
irradiation conditions

• They measured using Wendi‐II neutron detector with 244 MeV p beam, 
7x20 cm2 delivering 8Gy @ isocenter with a beam current of  ~10 nA

• They scaled the measured values to nominal UHDR proton irradiation 
beam currents of ~170 nA

• Assuming a workload of 200Gy/hr, they measured ≤ 0.4 mSv/yr at the 
treatment room door

• They concluded that “conventionally shielded proton rotating gantry 
rooms result in acceptable occupational and public doses when the 
transmission FLASH beams delivered at four cardinal gantry angles based 
on 200 Gy/hr workload assumption”
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striking an absorber is defined as that fraction of the initial 
kinetic energy that is emitted as Bremsstrahlung radiation in 
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Implications on shielding by 16 MeV UHDR electron 
beam in a vault designed for 18MV photon beam
• At UHDRs, dose rate from bremsstrahlung photons is an order of magnitude 

higher than that from an 18 MV beam
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radiation survey results from 16 MeV UHDR electron beam in a vault designed for 
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following FLASH‐RT delivery, but dissipates within minutes, and total doses within 
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treatment room door

• They concluded that “conventionally shielded proton rotating gantry 
rooms result in acceptable occupational and public doses when the 
transmission FLASH beams delivered at four cardinal gantry angles based 
on 200 Gy/hr workload assumption”

19 20

21 22

23 24

9/26/2022

4

IntraOp Mobetron Electron Beam Linear Accelerator

RX DOSE RX DOSE RATE

Our radiobiologists & physicians would like to prescribe

Dpp PRF

PW Dose Rate

N of pulses

This is what we have

• For the high‐dose‐rates beam, we can program/select
• Nominal Pulse Widths / s { 1, 1.6, 2, 3, 4 }
• PRF  {10, 20, 30, 45, 60} Hz
• # of pulses  {1, 2, .. 200}

• Of course, one can introduce SSD into the 
free parameters to choose from

Pulsed electron beam: 𝐷𝐷 vs 𝐷𝐷� vs 𝑁𝑁 
• If N=1, the dose rate is dominated by the pulse width

• If N>1, the dose rate is dominated by the PRF

• Different collimation and irradiation setup & geometries will 
most likely require different Dpp

DDpppp ==  99..22  GGyy

𝑚𝑚𝑚𝑚𝑚𝑚 𝐷𝐷��������
𝐷𝐷�� � 1

�
� 𝐷𝐷���������

𝐷𝐷� �� � 1
�

s. t. �
𝑃𝑃𝑃𝑃𝑃𝑃 𝑃 10,20,30,45,60  𝐻𝐻𝐻𝐻
𝑝𝑝𝑝𝑝 𝑝 1, 1.6, 2, 3, 4  µ𝑠𝑠

𝑁𝑁 𝑁 𝑁
where

𝐷𝐷 � 𝐷𝐷�� � 𝑁𝑁, 𝐷𝐷� � 𝐷𝐷
�𝑁𝑁 � 1�
𝑃𝑃𝑃𝑃𝑃𝑃 � 𝑝𝑝𝑝𝑝

Shielding considerations with FLASH RT

Implications of UHDR on shielding
• USNRC Federal limit for instantaneous 
dose rate in uncontrolled areas: < 0.02 
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may not be enough

• Potential concerns are
• Bremsstrahlung photons
• Neutron activation
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striking an absorber is defined as that fraction of the initial 
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
• At UHDRs, dose rate from bremsstrahlung photons is an order of magnitude 

higher than that from an 18 MV beam
• Poirier et al [Medical Physics. 2021;48:5396–5405]  investigated the shielding by 

radiation survey results from 16 MeV UHDR electron beam in a vault designed for 
18MV photon beam

• Radiation surveys were performed using a survey meter (Fluke 451P) and Wendi‐2 
neutron detectors

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

• neutron activation of linac components can reach 25 μSv/h near the isocenter 
following FLASH‐RT delivery, but dissipates within minutes, and total doses within 
an hour are below 20 μSv.

Shielding considerations for proton UHDR beams

• Xiao et al [Med Phys. Sept 2022, https://doi.org/10.1002/mp.15964] 
investigated the validity of their proton vault shielding in UHDR 
irradiation conditions

• They measured using Wendi‐II neutron detector with 244 MeV p beam, 
7x20 cm2 delivering 8Gy @ isocenter with a beam current of  ~10 nA

• They scaled the measured values to nominal UHDR proton irradiation 
beam currents of ~170 nA

• Assuming a workload of 200Gy/hr, they measured ≤ 0.4 mSv/yr at the 
treatment room door

• They concluded that “conventionally shielded proton rotating gantry 
rooms result in acceptable occupational and public doses when the 
transmission FLASH beams delivered at four cardinal gantry angles based 
on 200 Gy/hr workload assumption”
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striking an absorber is defined as that fraction of the initial 
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
• At UHDRs, dose rate from bremsstrahlung photons is an order of magnitude 

higher than that from an 18 MV beam
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radiation survey results from 16 MeV UHDR electron beam in a vault designed for 
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• Radiation surveys were performed using a survey meter (Fluke 451P) and Wendi‐2 
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• neutron activation of linac components can reach 25 μSv/h near the isocenter 
following FLASH‐RT delivery, but dissipates within minutes, and total doses within 
an hour are below 20 μSv.
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irradiation conditions
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• They scaled the measured values to nominal UHDR proton irradiation 
beam currents of ~170 nA
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irradiation conditions

• They measured using Wendi‐II neutron detector with 244 MeV p beam, 
7x20 cm2 delivering 8Gy @ isocenter with a beam current of  ~10 nA

• They scaled the measured values to nominal UHDR proton irradiation 
beam currents of ~170 nA

• Assuming a workload of 200Gy/hr, they measured ≤ 0.4 mSv/yr at the 
treatment room door

• They concluded that “conventionally shielded proton rotating gantry 
rooms result in acceptable occupational and public doses when the 
transmission FLASH beams delivered at four cardinal gantry angles based 
on 200 Gy/hr workload assumption”
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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 𝐷𝐷�

• Under development 
• Detectors working at FLASH dose rates for real‐time absolute dosemeasurements
• FLASH with photon linacs (ex: PHASER)
• FLASH with very‐high‐energy‐electron (VHEE) beams ( > 100 MeV)

Thank you for your attention
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Elements for new 3D Imaging Workflow
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Clinical operational:
 Mobetron – Extended Range Addendum 

(extended DOF, no beamstoper)
 Radiolucent IORT tubes (Ø 4-10, 0°, 30°)
 Radiolucent tube holder
 Radiolucent treatment couch
 mobile CBCT imaging System 
 IORT 3D Tretment planning system

(radiance, GMV)
 virtualized software modules

Mobetron (IntraOp Medical) - Extended Range Addendum

IRm (MedPhoton) 

Imaging Ring mobile (Irm) - MedPhoton

ISIORT 2022 - Christoph Gaisberger 8

 120cm clearance
 HU values for treatment planning (patient specific, histogram

opimized)
 mobile (x/y/z7Rot)
 metal artefact correction
 TOF – Laser bases collision avoidance
 independent moveable tube and detector
 Energie 40kV-120kV (150kV)
 Detector 25cmx25cm (Large FOV mode)
 high resolution panel
 integrated optical cameras
 automated filterweel
 weight 517kg
 variable non-isocentric Field of View
 wearable remote control panel
 ….

Imaging Procedure
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Image Quality – CBCT Imaging
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Current status - Operating Theater (2022)
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1
2

3

4

6

5

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)

ISIORT 2022 - Christoph Gaisberger 12

Abb.: horizontal floor plan operating theater
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 Gamma Criteria (2mm, 2%)
 4,9 and 12 MeV
 Diameter 4,5,6,7,8,9,10cm

All PDDs within specification (<90%)
Only small deviation on the surface
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 Profiles (CP/IP) Data Commissioning:
 Gamma Criteria (2mm, 2%)
 4,9 and 12 MeV
 Diameter 4,5,6,7,8,9,10cm

The verification shows deviations outside 
the beam.

Small deviation at the surface profiles, 
deeper profiles are within specifications 

TPS – CT 
 CT Conversation Table (CBCT)

 HU Density Correction (Based on histograms, depends on imaging volume, FOV and energy)
 Electron Density Correction - clinical used presets measured 
 Discrete CT Table (example) for tissue characterization
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 Clinically measured HU values (breast tissue, 90% Dose Volume) 
 Patient A (HUAvg = -38HU) Patient B (HUAvg = -80HU)

Clinical Aspekts
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Clinical Aspekts: Metal Artefacts
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Imageplane

Clinical Aspekts: Metal Artefacts – paddings with 
metalweaving
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On behalf of the Italian IORT Group Update of the Italian guidelines for Intra Operative Radiation Therapy

1

Italian Legislative Decree 101/2020:
Implementation of the Euratom Directive 13/59 on
health protection of people against the dangers of
ionizing radiation related to medical exposure.

2

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

Quality Control is part of the Quality Assurance
A series of activities (programming, coordination, implementation) aimed at
maintaining or improving Quality, which is to 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

3

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 à 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
Working Groups established from time to
time on specific topics are published as
ISTISAN Reports

2003
2021

Multidisciplinary  Board
Clinicians,
Medical Physicists
Radiation Technologist
Nurses

4

2003
2021

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 experience in the sector (Working Groups).

ISTISAN Reports

5

Why update the ISTISAN 03/1 Report?
The new diseases treatable with the IORT technique
The literature is rich in evidence regarding the feasibility, tolerance and efficacy of IORT as an integrated treatment
in the therapeutic strategy of the cancer patient; for this reason, since 2016 the guidelines of the National
Comprehensive Cancer Network (NCCN) have incorporated this modality in the treatment of many types of cancer
(NCCN http://www.nccn.org). Neoplasms of the stomach, pancreas, colorectal and sarcomas, in which local
recurrence is the main cause of failure, have been the subject of numerous clinical studies. The long-term results
confirm a certain impact on local control, which is generally associated with better survival. New fields of
application are cancer of the breast, prostate, otolaryngology (ENT) and gynecology……

The new dosimetric requirements
The definition of the physical characteristics of the electron and photon beams used for IORT requires an accurate
initial dosimetry and monitoring according to quality assurance procedures that must refer to international
recommendations. The procedures to be followed during the execution of the IORT and the documentation must
certify compliance with the same. Given the peculiarities of the methods, it was deemed necessary to present
separately the clinical, technical and physical aspects of the use of X-ray sources and electron beams……

Increase in the number of Operations 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
the treatment with electrons, 4 with photons, and 2 have both modalities. Almost all of them have mobile linear
accelerators, dedicated to the operating room.
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Centers that have the equipment to perform IORT are 50, 33 of them working. Most of the Centers (n. 29) provide
the treatment with electrons, 4 with photons, and 2 have both modalities. Almost all of them have mobile linear
accelerators, dedicated to the operating room.
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The document has been shared by all the Italian Radiotherapy Centers, Medical Physics Services and Scientific
Associations most involved in the IORT practice:
Italian Association of Radiotherapy and Clinical Oncology (AIRO)
Italian Association of Medical Physics (AIFM)

Italian Society of Surgery (SIC)
Italian Society of Oncological Surgery (SICO)
Italian Association of Breast Surgery (ANISC)
Italian Association of Medical Oncology (AIOM)
Italian Society of Anesthesia, Analgesia, Intensive Care and Intensive Care (SIAARTI)

Italian Society of Medical Radiology (SIRM)
National Federation of Technical Health Orders of Medical Radiology and of Technical Health Professions, Rehabilitation and Prevention (FNO
TSRM-PSTRP)
Italian Association of Radio-Oncology and Health Physics Technicians (AITRO)
Italian Association of Nurses of Oncological Radiotherapy (AIIRO)

National Federation of Nursing Colleges (FNOPI)
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EXTENDERS                        REVIEWERS

8

§Clinical Indications and Rationale: breast, prostate, pancreas, gastric and
rectum locally advanced, soft tissue sarcoma, gynaecological tumors,
vertebral metastasis;

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

§Radiation protection issues

§FMEA risk analysis

§Health Technology Assessment (HTA)

§Practical and Organisational aspects

§Geometrical and dosimetrical critical issues in IEORT

Topics of the Update

9

§ 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
§ early irradiation of possible residual neoplastic cells in the operating field
§ biological obstacle to neoplastic repopulation (fluids)

Clinical Issues of the Update
In recent years, the role of the IORT in integrated therapeutic
strategies has become increasingly defined.
The clinical advantages are mainly the following:

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

10

Geometric and Dosimetric Issues of the Update

Physical-dosimetric aspects of IORT, such as treatment optimisation
and radiation protection of operators, have been deepened.
Concerning the IOERT, major revisions refer to:

Ø reference dosimetry, with specific recommendations for an appropriate use of ionization

chambers in high-dose-per-pulse electron beams
Ø dosimetry under non-reference conditions, with indications for detectors characterisation,

and output factors and correction factors determination
Ø strategies to define an appropriate (and stable) geometric treatment set-up

Ø implementation of an effective in-vivo dosimetry programme
Ø identification of geometric and dosimetric critical issues and implementation of strategies to

mitigate them
Ø implementation of a periodic quality control programme on measurement equipment and

instrumentation to maintain the quality standards in the performance

11

A1. Treatment Report

A2. Informed Consent
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set-up

film

By courtesy of S. Andreoli

A3. Critical issues and considerations on Electron Beam IORT
A3.1 Geometric critical issues: 

- Positioning of the applicator 
- Positioning of the internal shields and evaluation

of target volume thickness

plastic disk

film Plastic disk

chest wall protection
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A3. Critical issues and considerations on Electron Beam IORT
A3.2 Dosimetric critical issues: 

- High doses delivered in a single session
- High doses per pulse generated by some types of

dedicated accelerators
- 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 treatment

- In vivo dosimetric
verification

By courtesy of S. Andreoli

By courtesy of M . Severgnini
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A4. PHYSICAL AND DOSIMETRIC OPTIMIZATION OF ELECTRON BEAM IORT
A4.1 Technical aspects
A4.2 Organizational and Management aspects

15

Main indications for quality assurance in electron and photon IORT treatments
B1. CLINICAL ASPECTS
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CONCLUSION
§ The revised document defines the state of the art of the

procedure in its applications and possible optimizations,
explaining specific indications according to the evidence
available today

§ With a well-established experience in electron technology
(IOERT) and the most recent acquisitions in photon
technology (kV-IORT), the organizational phases and
operating procedures of the IORT are described

§ The document is easy to consult and provides useful
operational guidance for the implementation of the IORT
practice

§ It has been shared by all the Italian Radiotherapy Centers,
Medical Physics Services and Scientific Associations most
involved in the IORT practice
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IORT in Pancreatic Carcinoma

Eric Miller, MD, PhD
Associate Professor

Department of Radiation Oncology

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
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Challenges in Treatment of Pancreatic Cancer

▪ Incidence of pancreatic cancer is 
on the rise:
▪ Globally, the number of deaths 

and cases have more than 
doubled from 1990-2017.

▪ 4th leading cause of cancer-
related death in the U.S.

▪ For all stages combined, pancreas 
has the lowest 5-year survival 
rate.
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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;27:4298.

▪ Surgical resection remains the only curative modality:
▪ Most patients (~80%) present with locally advanced disease 

where resection is not possible or have metastatic disease.

Cases

Deaths

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

▪ No difference in OS by ITT.
▪ CRT arm showed:

▪ Reduced locoregional progression 
(32% vs. 46%, P=.03).

▪ Longer delay to treatment restart 
(7.0 vs. 3.7 m, P=.02).

Treatment of Borderline Resectable or Locally 
Advanced Disease

▪ No difference in OS by ITT.
▪ Preop CRT arm showed:

▪ Improved R0 resection rate (71% 
vs. 40%, P<.001).

▪ OS benefit in those w/ resection 
who received adjuvant chemo (35.2 
vs. 19.8 m, P=.029).

5 | Trade Secret, Confidential, Proprietary, Do Not Copy  |  OSU Wexner Medical Center  © 2018 

PREOPANC Trial:
Resectable/Borderline Resectable

LAP07 Trial:
Locally Advanced Disease

Versteijne et al. JCO 2020;38:1763.
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.
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▪ No difference in OS by ITT.
▪ CRT arm showed:

▪ Reduced locoregional progression 
(32% vs. 46%, P=.03).

▪ Longer delay to treatment restart 
(7.0 vs. 3.7 m, P=.02).

Treatment of Borderline Resectable or Locally 
Advanced Disease

▪ No difference in OS by ITT.
▪ Preop CRT arm showed:

▪ Improved R0 resection rate (71% 
vs. 40%, P<.001).

▪ OS benefit in those w/ resection 
who received adjuvant chemo (35.2 
vs. 19.8 m, P=.029).
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PREOPANC Trial:
Resectable/Borderline Resectable

LAP07 Trial:
Locally Advanced Disease
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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.
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Challenges in Treatment of Pancreatic Cancer

▪ Incidence of pancreatic cancer is 
on the rise:
▪ Globally, the number of deaths 

and cases have more than 
doubled from 1990-2017.

▪ 4th leading cause of cancer-
related death in the U.S.

▪ For all stages combined, pancreas 
has the lowest 5-year survival 
rate.
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RT Dose Escalation for Locally Advanced 
PDAC May Result in Improved Outcomes
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▪ Median OS from RT was 18.4 months.
▪ 24-month cumulative incidence of 

locoregional failure was 32.8%.

▪ 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).

MRI Linac:
BED10 > 70 Gy

Hypofractionated Ablative RT:
BED10 = 98 Gy

BED>70

BED≤70

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

IORT - Optimal Method for Dose Escalation in 
PDAC
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Calvo et al. Radio & Oncol 2020;148:57.

Early Experience with IORT in PDAC

▪ Nishimura et al:
▪ 70 patients treated with 

multimodality therapy for PDAC:
▪ 33 received IORT:

▪ 20.1-40 Gy with 8-25 
MeV electrons.

▪ Of those with pain, 70% 
experienced improvement.

▪ Improved OS observed in those 
with Stage IV disease treated 
with IORT (4.6 months) vs. 
control (2.5 months), P<0.05.
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Nishimura et al. Cancer 1984;54:2375.

Stage IV PDAC

IORT in Resectable Pancreatic Cancer

▪ Valentini et al. ISIORT-Europe 
Experience:
▪ 270 patients treated with surgery 

+ IORT (7.5-25 Gy):
▪ 24% received pre-op EBRT.
▪ 40% received post-op EBRT.
▪ 36% received IORT alone.

▪ 47% of patients underwent R1 or 
R2 resection.

▪ 5-year local control (LC) was 
23.3% with median LC of 15 
months.

▪ 5-year OS was 18% with median 
OS of 19 months.

▪ No grade 3 toxicities reported.
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Overall Survival 

Median: 30 m

Median: 22 m

Median: 13 m

P<0.0001

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

IORT in Resectable Pancreatic Cancer
▪ Calvo et al:

▪ 60 patients treated with 
chemoradiation + surgery ± IORT 
(10-15 Gy):
▪ 68% received post-op CRT.
▪ R1 resection performed in 

~40% of both groups, P=0.77.
▪ 5-year OS was 20%.
▪ 5-year locoregional control was 

58%.
▪ On MVA, margin resection status 

(HR=3.0, P=0.05) and no IORT 
(HR=6.75, P=0.01) were 
associated with higher 
locoregional recurrence.

▪ Perioperative complications were 
similar in IORT and non-IORT 
groups, ~43% grade ≥3.
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Calvo et al. Pancreatology 2013;13:576.

Locoregional Control

N=29
N=31

IORT in Resectable Pancreatic Cancer

▪ Harrison et al. MGH Experience 
with borderline resectable and 
locally advanced PDAC:
▪ 86 patients treated with 

neoadjuvant FOLFIRINOX→RT 
→Surgery+IORT (10 Gy).

▪ Local recurrence rate of 12.7%.
▪ Median PFS was 21.5 months.
▪ Median OS was 46.7 months.
▪ Overall postoperative 

complication rate was ~25%; 
major (Clavien-Dindo III/IV) 
complication rate of 13%.
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Progression-Free Survival

Harrison et al. Ann Surg Onc 2020;27:1400.
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▪ Median OS from RT was 18.4 months.
▪ 24-month cumulative incidence of 

locoregional failure was 32.8%.

▪ 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).

MRI Linac:
BED10 > 70 Gy

Hypofractionated Ablative RT:
BED10 = 98 Gy

BED>70

BED≤70

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

IORT - Optimal Method for Dose Escalation in 
PDAC
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Early Experience with IORT in PDAC

▪ Nishimura et al:
▪ 70 patients treated with 

multimodality therapy for PDAC:
▪ 33 received IORT:

▪ 20.1-40 Gy with 8-25 
MeV electrons.

▪ Of those with pain, 70% 
experienced improvement.

▪ Improved OS observed in those 
with Stage IV disease treated 
with IORT (4.6 months) vs. 
control (2.5 months), P<0.05.
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Nishimura et al. Cancer 1984;54:2375.

Stage IV PDAC

IORT in Resectable Pancreatic Cancer

▪ Valentini et al. ISIORT-Europe 
Experience:
▪ 270 patients treated with surgery 

+ IORT (7.5-25 Gy):
▪ 24% received pre-op EBRT.
▪ 40% received post-op EBRT.
▪ 36% received IORT alone.

▪ 47% of patients underwent R1 or 
R2 resection.

▪ 5-year local control (LC) was 
23.3% with median LC of 15 
months.

▪ 5-year OS was 18% with median 
OS of 19 months.

▪ No grade 3 toxicities reported.

10 | Trade Secret, Confidential, Proprietary, Do Not Copy  |  OSU Wexner Medical Center  © 2018 

Overall Survival 

Median: 30 m

Median: 22 m

Median: 13 m

P<0.0001

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

IORT in Resectable Pancreatic Cancer
▪ Calvo et al:

▪ 60 patients treated with 
chemoradiation + surgery ± IORT 
(10-15 Gy):
▪ 68% received post-op CRT.
▪ R1 resection performed in 

~40% of both groups, P=0.77.
▪ 5-year OS was 20%.
▪ 5-year locoregional control was 

58%.
▪ On MVA, margin resection status 

(HR=3.0, P=0.05) and no IORT 
(HR=6.75, P=0.01) were 
associated with higher 
locoregional recurrence.

▪ Perioperative complications were 
similar in IORT and non-IORT 
groups, ~43% grade ≥3.
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Locoregional Control

N=29
N=31
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→Surgery+IORT (10 Gy).

▪ Local recurrence rate of 12.7%.
▪ Median PFS was 21.5 months.
▪ Median OS was 46.7 months.
▪ Overall postoperative 

complication rate was ~25%; 
major (Clavien-Dindo III/IV) 
complication rate of 13%.

12 | Trade Secret, Confidential, Proprietary, Do Not Copy  |  OSU Wexner Medical Center  © 2018 

Progression-Free Survival

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

7 8

9 10

11 12

10/5/2022

2

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

7 | Trade Secret, Confidential, Proprietary, Do Not Copy  |  OSU Wexner Medical Center  © 2018 

▪ Median OS from RT was 18.4 months.
▪ 24-month cumulative incidence of 

locoregional failure was 32.8%.

▪ 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).

MRI Linac:
BED10 > 70 Gy

Hypofractionated Ablative RT:
BED10 = 98 Gy

BED>70

BED≤70

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

IORT - Optimal Method for Dose Escalation in 
PDAC

8 | Trade Secret, Confidential, Proprietary, Do Not Copy  |  OSU Wexner Medical Center  © 2018 

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

Early Experience with IORT in PDAC

▪ Nishimura et al:
▪ 70 patients treated with 

multimodality therapy for PDAC:
▪ 33 received IORT:

▪ 20.1-40 Gy with 8-25 
MeV electrons.

▪ Of those with pain, 70% 
experienced improvement.

▪ Improved OS observed in those 
with Stage IV disease treated 
with IORT (4.6 months) vs. 
control (2.5 months), P<0.05.

9 | Trade Secret, Confidential, Proprietary, Do Not Copy  |  OSU Wexner Medical Center  © 2018 

Nishimura et al. Cancer 1984;54:2375.

Stage IV PDAC

IORT in Resectable Pancreatic Cancer

▪ Valentini et al. ISIORT-Europe 
Experience:
▪ 270 patients treated with surgery 

+ IORT (7.5-25 Gy):
▪ 24% received pre-op EBRT.
▪ 40% received post-op EBRT.
▪ 36% received IORT alone.

▪ 47% of patients underwent R1 or 
R2 resection.

▪ 5-year local control (LC) was 
23.3% with median LC of 15 
months.

▪ 5-year OS was 18% with median 
OS of 19 months.

▪ No grade 3 toxicities reported.

10 | Trade Secret, Confidential, Proprietary, Do Not Copy  |  OSU Wexner Medical Center  © 2018 

Overall Survival 

Median: 30 m

Median: 22 m

Median: 13 m

P<0.0001

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

IORT in Resectable Pancreatic Cancer
▪ Calvo et al:

▪ 60 patients treated with 
chemoradiation + surgery ± IORT 
(10-15 Gy):
▪ 68% received post-op CRT.
▪ R1 resection performed in 

~40% of both groups, P=0.77.
▪ 5-year OS was 20%.
▪ 5-year locoregional control was 

58%.
▪ On MVA, margin resection status 

(HR=3.0, P=0.05) and no IORT 
(HR=6.75, P=0.01) were 
associated with higher 
locoregional recurrence.

▪ Perioperative complications were 
similar in IORT and non-IORT 
groups, ~43% grade ≥3.

11 | Trade Secret, Confidential, Proprietary, Do Not Copy  |  OSU Wexner Medical Center  © 2018 

Calvo et al. Pancreatology 2013;13:576.

Locoregional Control

N=29
N=31

IORT in Resectable Pancreatic Cancer

▪ Harrison et al. MGH Experience 
with borderline resectable and 
locally advanced PDAC:
▪ 86 patients treated with 

neoadjuvant FOLFIRINOX→RT 
→Surgery+IORT (10 Gy).

▪ Local recurrence rate of 12.7%.
▪ Median PFS was 21.5 months.
▪ Median OS was 46.7 months.
▪ Overall postoperative 

complication rate was ~25%; 
major (Clavien-Dindo III/IV) 
complication rate of 13%.

12 | Trade Secret, Confidential, Proprietary, Do Not Copy  |  OSU Wexner Medical Center  © 2018 

Progression-Free Survival

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

7 8

9 10

11 12

10/5/2022

2

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

7 | Trade Secret, Confidential, Proprietary, Do Not Copy  |  OSU Wexner Medical Center  © 2018 

▪ Median OS from RT was 18.4 months.
▪ 24-month cumulative incidence of 

locoregional failure was 32.8%.

▪ 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).

MRI Linac:
BED10 > 70 Gy

Hypofractionated Ablative RT:
BED10 = 98 Gy

BED>70

BED≤70

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

IORT - Optimal Method for Dose Escalation in 
PDAC

8 | Trade Secret, Confidential, Proprietary, Do Not Copy  |  OSU Wexner Medical Center  © 2018 

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

Early Experience with IORT in PDAC

▪ Nishimura et al:
▪ 70 patients treated with 

multimodality therapy for PDAC:
▪ 33 received IORT:

▪ 20.1-40 Gy with 8-25 
MeV electrons.

▪ Of those with pain, 70% 
experienced improvement.

▪ Improved OS observed in those 
with Stage IV disease treated 
with IORT (4.6 months) vs. 
control (2.5 months), P<0.05.

9 | Trade Secret, Confidential, Proprietary, Do Not Copy  |  OSU Wexner Medical Center  © 2018 

Nishimura et al. Cancer 1984;54:2375.

Stage IV PDAC

IORT in Resectable Pancreatic Cancer

▪ Valentini et al. ISIORT-Europe 
Experience:
▪ 270 patients treated with surgery 

+ IORT (7.5-25 Gy):
▪ 24% received pre-op EBRT.
▪ 40% received post-op EBRT.
▪ 36% received IORT alone.

▪ 47% of patients underwent R1 or 
R2 resection.

▪ 5-year local control (LC) was 
23.3% with median LC of 15 
months.

▪ 5-year OS was 18% with median 
OS of 19 months.

▪ No grade 3 toxicities reported.

10 | Trade Secret, Confidential, Proprietary, Do Not Copy  |  OSU Wexner Medical Center  © 2018 

Overall Survival 

Median: 30 m

Median: 22 m

Median: 13 m

P<0.0001

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

IORT in Resectable Pancreatic Cancer
▪ Calvo et al:

▪ 60 patients treated with 
chemoradiation + surgery ± IORT 
(10-15 Gy):
▪ 68% received post-op CRT.
▪ R1 resection performed in 

~40% of both groups, P=0.77.
▪ 5-year OS was 20%.
▪ 5-year locoregional control was 

58%.
▪ On MVA, margin resection status 

(HR=3.0, P=0.05) and no IORT 
(HR=6.75, P=0.01) were 
associated with higher 
locoregional recurrence.

▪ Perioperative complications were 
similar in IORT and non-IORT 
groups, ~43% grade ≥3.

11 | Trade Secret, Confidential, Proprietary, Do Not Copy  |  OSU Wexner Medical Center  © 2018 

Calvo et al. Pancreatology 2013;13:576.

Locoregional Control

N=29
N=31

IORT in Resectable Pancreatic Cancer

▪ Harrison et al. MGH Experience 
with borderline resectable and 
locally advanced PDAC:
▪ 86 patients treated with 

neoadjuvant FOLFIRINOX→RT 
→Surgery+IORT (10 Gy).

▪ Local recurrence rate of 12.7%.
▪ Median PFS was 21.5 months.
▪ Median OS was 46.7 months.
▪ Overall postoperative 

complication rate was ~25%; 
major (Clavien-Dindo III/IV) 
complication rate of 13%.

12 | Trade Secret, Confidential, Proprietary, Do Not Copy  |  OSU Wexner Medical Center  © 2018 

Progression-Free Survival

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

7 8

9 10

11 12

IORT in Pancreatic Carcinoma



56 2022 I N T E R N AT I O N A L S O C I E T Y O F I N T R AO P E R AT I V E R A D I AT I O N T H E R A P Y ( I S I O R T )  CO N F E R E N C E 572022 I N T E R N AT I O N A L S O C I E T Y O F I N T R AO P E R AT I V E R A D I AT I O N T H E R A P Y ( I S I O R T )  CO N F E R E N C E

IORT in Pancreatic Carcinoma

10/5/2022

3

IORT Mitigates R1 Resection

▪ MGH: 201 patients with borderline/locally advanced PDAC treated with 
FOLFIRINOX→RT→Surgery±IORT. 

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

Overall Survival Overall Survival IORT in Resectable Pancreatic Cancer
Study Patient Number

(N)
IORT Dose 
Range (Gy)

EBRT Dose 
Range (Gy)

Systemic 
Therapy Local Control Median Overall 

Survival

Valentini
(ISIORT-Europe)

270 (169 
IORT+EBRT, 95 

IORT alone)
7.5-25 18-61

11.8% 
concurrent with 

EBRT

Median local 
control 15 months 19 months

Showalter
(Jefferson) 37 (23 IORT+EBRT) 10-20 45-50.4 70% adjuvant 23% locoregional 

recurrence 19.2 months

Ogawa
(JROSG)

210 (62 
IORT+EBRT, 148 

IORT alone)
20-30 20-60

19% concurrent 
with EBRT; 46% 

adjuvant 

2-year local 
control 83.7% 19.1 months

Calvo 29 10-15 45-50.4
100% concurrent 
with EBRT; 62% 

adjuvant

5-year 
locoregional 

control 92.2%

5-year 20% for 
all patients 

(including no 
IORT)

Harrison
(MGH)

86 (all treated with 
EBRT+IORT) 10.2 (mean) 50.4-58.8 or 

SBRT

100% received 
neoadjuvant 

treatment

12.7% local 
recurrence rate 46.7 months
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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. IJROBP 2010;77:734.
Calvo et al. Pancreatology 2013;13:576.
Harrison et al. Ann Surg Onc 2020;27:1400.

IORT in Unresectable Pancreatic Cancer

▪ Mohiuddin et al. (Jefferson):
▪ 49 patients treated with 

surgery+IORT→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.

▪ Early G3/4 toxicity in 14%, 
late G3/4 toxicity in 19% of 
patients.
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Overall Survival

Mohiuddin et al. JCO 1995;13:2764.

IORT in Unresectable Pancreatic Cancer

▪ Ogawa et al. (JROSG):
▪ 144 patients treated with IORT 

(median 25 Gy) ± EBRT 
(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%.  

▪ Late grade 3 GI toxicity was 
reported in 1.4% of patients.
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Ogawa et al. IJROBP 2011;80:111.

IORT in Unresectable Pancreatic Cancer

▪ 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 

complication rate was ~20%; 
major (Clavien-Dindo III/IV) 
complication rate of 4.7%.
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Harrison et al. Ann Surg Onc 2020;27:1400.

Overall Survival

IORT in Unresectable Pancreatic Cancer
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Study Patient Number IORT Dose 
Range (Gy)

EBRT Dose 
Range (Gy)

Systemic 
Therapy Local Control

Median 
Overall 
Survival

Tepper
(RTOG-8505) 51 15-20 50.4

100% 
concurrent with 

EBRT; no 
adjuvant

Not evaluated 9.0 months

Mohiuddin
(Jefferson) 49 15-20 40-55

100% 
concurrent with 
EBRT; 100% 

adjuvant

31% local 
recurrence rate 16.0 months

Ogawa
(JROSG)

144 (113 
IORT+EBRT, 31 

IORT alone)
12-35 14-50.8

69% concurrent 
with EBRT; 

45% adjuvant

2-year local 
control rate 

44.6%
10.5 months

Chen
247 (90 

IORT+EBRT, 157 
IORT alone)

10-20 36-40
32% concurrent 

with EBRT; 
35% adjuvant

2-year local PFS 
rate of 40.1% 9.0 months

Harrison
(MGH)

46 (all treated with 
EBRT+IORT) 15 (mean) 50.4-58.8 or 

SBRT

100% received 
neoadjuvant 

treatment

15% local 
recurrence rate 23.0 months

Abbreviations: EBRT, external beam radiation therapy; Gy, gray; IORT, intraoperative radiation 
therapy; PFS, progression-free survival; SBRT, stereotactic body radiation therapy

Tepper et al. IJROBP 1991;21:1145.
Mohiuddin et al. JCO 1995;13:2764.
Ogawa et al. IJROBP 2011;80:111.
Chen et al. Medicine(Baltimore) 2016;95:e4861.
Harrison et al. Ann Surg Onc 2020;27:1400.
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IORT in Unresectable Pancreatic Cancer

▪ Mohiuddin et al. (Jefferson):
▪ 49 patients treated with 

surgery+IORT→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.

▪ Early G3/4 toxicity in 14%, 
late G3/4 toxicity in 19% of 
patients.
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IORT in Unresectable Pancreatic Cancer

▪ Ogawa et al. (JROSG):
▪ 144 patients treated with IORT 

(median 25 Gy) ± EBRT 
(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%.  

▪ Late grade 3 GI toxicity was 
reported in 1.4% of patients.
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Ogawa et al. IJROBP 2011;80:111.

IORT in Unresectable Pancreatic Cancer

▪ 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 

complication rate was ~20%; 
major (Clavien-Dindo III/IV) 
complication rate of 4.7%.
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Study Patient Number IORT Dose 
Range (Gy)

EBRT Dose 
Range (Gy)

Systemic 
Therapy Local Control

Median 
Overall 
Survival

Tepper
(RTOG-8505) 51 15-20 50.4

100% 
concurrent with 

EBRT; no 
adjuvant

Not evaluated 9.0 months

Mohiuddin
(Jefferson) 49 15-20 40-55

100% 
concurrent with 
EBRT; 100% 

adjuvant

31% local 
recurrence rate 16.0 months

Ogawa
(JROSG)

144 (113 
IORT+EBRT, 31 

IORT alone)
12-35 14-50.8

69% concurrent 
with EBRT; 

45% adjuvant

2-year local 
control rate 

44.6%
10.5 months

Chen
247 (90 

IORT+EBRT, 157 
IORT alone)

10-20 36-40
32% concurrent 

with EBRT; 
35% adjuvant

2-year local PFS 
rate of 40.1% 9.0 months

Harrison
(MGH)

46 (all treated with 
EBRT+IORT) 15 (mean) 50.4-58.8 or 

SBRT

100% received 
neoadjuvant 

treatment

15% local 
recurrence rate 23.0 months

Abbreviations: EBRT, external beam radiation therapy; Gy, gray; IORT, intraoperative radiation 
therapy; PFS, progression-free survival; SBRT, stereotactic body radiation therapy

Tepper et al. IJROBP 1991;21:1145.
Mohiuddin et al. JCO 1995;13:2764.
Ogawa et al. IJROBP 2011;80:111.
Chen et al. Medicine(Baltimore) 2016;95:e4861.
Harrison et al. Ann Surg Onc 2020;27:1400.
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IORT Mitigates R1 Resection

▪ MGH: 201 patients with borderline/locally advanced PDAC treated with 
FOLFIRINOX→RT→Surgery±IORT. 

▪ 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). 
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Study Patient Number

(N)
IORT Dose 
Range (Gy)

EBRT Dose 
Range (Gy)

Systemic 
Therapy Local Control Median Overall 

Survival
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(ISIORT-Europe)

270 (169 
IORT+EBRT, 95 

IORT alone)
7.5-25 18-61

11.8% 
concurrent with 

EBRT

Median local 
control 15 months 19 months

Showalter
(Jefferson) 37 (23 IORT+EBRT) 10-20 45-50.4 70% adjuvant 23% locoregional 

recurrence 19.2 months

Ogawa
(JROSG)

210 (62 
IORT+EBRT, 148 

IORT alone)
20-30 20-60

19% concurrent 
with EBRT; 46% 

adjuvant 

2-year local 
control 83.7% 19.1 months

Calvo 29 10-15 45-50.4
100% concurrent 
with EBRT; 62% 

adjuvant

5-year 
locoregional 

control 92.2%

5-year 20% for 
all patients 

(including no 
IORT)

Harrison
(MGH)

86 (all treated with 
EBRT+IORT) 10.2 (mean) 50.4-58.8 or 

SBRT

100% received 
neoadjuvant 

treatment

12.7% local 
recurrence rate 46.7 months
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PACER (Pancreatic AdenoCarcinoma with 
Electron Intraoperative Radiation Therapy)

▪ PI: 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.
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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!
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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!
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• Rochester

• 1981: IORT in rad onc department
• 1988:  dedicated OR suite with refurbished 

linac
• 2022:  2nd IORT (mobile electron unit)

• Phoenix: mobile electron unit in OR
• Jacksonville: mobile electron unit OR
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IOERT - Mayo
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IOERT - Mayo
Linac – Hard docking system
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IOERT Cases – Mayo Rochester
April 1981 – Sept, 2022

Site Primary Recurrent Total

GI 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
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Pancreas 130 14 144
Colon 55 261 316
Rectum 214 740 954
Anus 17 41 58

Total 494 1087 1581
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Advanced Primary Colon Cancer
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Locally Advanced Colon Cancer
Mayo Clinic Results

Group # Patients 5-year LR 5-year DM 5-year OS
R0 resection 50 10% ~30% 66%
R1 resection 18 54% ~57% 47%
R2 resection 35 79% ~68% 23%

p < 0.0001 p = 0.002 p = 0.0009

EBRT > 50 Gy 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 = 0.01 p = 0.04

Schild, Red Journal 37:51-58,1997
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Primary Colon Cancer
IOERT for subtotal resection

Schild, Red journal 37:51, 1997
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Locally Advanced Rectal Cancer
Selected Series

Study # Pts Years EBRT , Gy Margins IORT , Gy 5-yr LC 5-yr DM 5-yr OS

Willett, MGH25 20 1978-1989 50.4 R0 10-20 88% - 53%*

Valentini, 
Rome26

29 1991-2006 45-55 R0 10-15 100% - -

Alberda, 
Rotterdam27

31 1996-2012 45-50** R1 10^ 84% - -

Zhang, 
Shanghai28

71 1994-2007 45-50.4 R0-1 10-20 90% 54% 75%

Sadahiro, 
Japan29

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

Mathis, Mayo 
Clinic20

106 1981-2007 50.4 R0-2 7.5-25 86%^^ 49%^^ 49%

Roeder, 
Heidelberg30

243 1991-2004 41.4 R0-2 10-15 92% - -

Sole, Madrid31 335 1995-2010 45-50.4 R0-1 10-15 92% 25%*** 75%

Kusters, 
European 
pooled32

605 to 2005 45-50.4 R0-2 10-12.5 88% 29% 67%
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R0 resection

R+ resection

T4 Rectal CA – IOERT Pooled Analysis, MCR-CHE
Survival Outcomes vs Radicality of Resection-417 pts
Relapse free survival                                         Overall survival

P<0.0001                                                                p<0.0001

months
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• Proctectomy with coloanal anastomosis
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permanent colostomy at year 5

• Stress urinary incontinence
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Endpoint CC LC DC
crude 87% 74% 51%
1 year 96% 92% 78%
2 year 90% 80% 56%
5 year 82% 62% 38%
10 year 78% 57% 36%
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IORT Results – Recurrent Colorectal Ca
R0 resection 

Series #Pts EBRT IORT 5-yr S LR
(Gy) (Gy) (%) (%)

Vermaas 2005 17 50 10 45 (3yr) 65
Alektiar 2000 53 45-50 10-18 36 57
Abuchaibe 2000 8 40-50 15 29 50
Dresen 2008 84 30-50 10 59 (3yr) 25
Lindel 2001 25 50 10-15 40 44
Eble 1998 14 41.4 12-20 71(4yr) 21
Wiig 2002 18 46-50 15 60 30
Valentini 1999 11 45-47 10-15 41 20
Haddock 2010 236 30-50 12.5 46 28
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IORT Results – Recurrent Colorectal Ca
R1 resection

Study # Pts EBRT 
dose, Gy

IORT 
dose, Gy

IORT 
technique

5-year LC 5-yr DM 5-yr OS

Alektiar, 
MSKCC

21 50.4* 10-18 IOHDR 26% - 11%

Wiig, Norway 29 46-50 15-20 IOERT 50% - 20%

Eble, 
Heidelberg**

9 41.4 10-20 IOERT 67% 33% 33%^

Dresen, 
Eindhoven***

34 50.4^^ 12.5 IOERT 29% 69% 27%

Haddock, 
Mayo Clinic

224 50.4^^^ 15 IOERT 56% 62% 27%

*50.4 in patients with no prior EBRT; no EBRT in patients with prior radiation
**4-year results
^4-year relapse free survival^^30.6 Gy in previously irradiated patients
^^^5-39.6 Gy in previously irradiated patients
***3-year results
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IORT Results- Recurrent Colorectal Ca
R2 resection

Study # Pts EBRT 
dose, Gy

IORT 
dose, Gy

5-year LC 5-yr DM 5-yr OS

Lindel, MGH 15 50.4* 15-20 12% - 13%
Eble, 
Heidelberg**

8 41.4 10-20 60% 75% 25%^

Dresen, 
Eindhoven

29 50.4^^ 15-17.5 29% 71% 24%

Haddock, Mayo 
Clinic

156 50.4^^^ 20 49% 73% 16%

*20-50 Gy in previously irradiated patients
**4-year results
^4-year relapse free survival
^^30.6 Gy in previously irradiated patients
^^^5-39.6 Gy in previously irradiated patients

©2012 MFMER  |  3232579-42©2012 MFMER  |  3232579-42

37 38

39 40

41 42

10/5/2022

7

©2012 MFMER  |  3232579-37©2012 MFMER  |  3232579-37

Overall Survival
Recurrent Colorectal IOERT

Survival
(%)

Years

80

60

40

20

0

100

0 3 5 7 10

Survival
median 36 months
1 year 90%
2 year 70%
5 year 30%
10 year 16%

©2012 MFMER  |  3232579-38©2012 MFMER  |  3232579-38

Endpoint CC LC DC
crude 87% 74% 51%
1 year 96% 92% 78%
2 year 90% 80% 56%
5 year 82% 62% 38%
10 year 78% 57% 36%

Disease Control - Recurrent Colorectal Ca

Disease
Control

(%)

Years

80

60

40

20

0

100

0 3 5 7 10

central control

local control

distant control

©2012 MFMER  |  3232579-39©2012 MFMER  |  3232579-39

IORT Results – Recurrent Colorectal Ca
R0 resection 

Series #Pts EBRT IORT 5-yr S LR
(Gy) (Gy) (%) (%)

Vermaas 2005 17 50 10 45 (3yr) 65
Alektiar 2000 53 45-50 10-18 36 57
Abuchaibe 2000 8 40-50 15 29 50
Dresen 2008 84 30-50 10 59 (3yr) 25
Lindel 2001 25 50 10-15 40 44
Eble 1998 14 41.4 12-20 71(4yr) 21
Wiig 2002 18 46-50 15 60 30
Valentini 1999 11 45-47 10-15 41 20
Haddock 2010 236 30-50 12.5 46 28

©2012 MFMER  |  3232579-40©2012 MFMER  |  3232579-40

IORT Results – Recurrent Colorectal Ca
R1 resection

Study # Pts EBRT 
dose, Gy

IORT 
dose, Gy

IORT 
technique

5-year LC 5-yr DM 5-yr OS

Alektiar, 
MSKCC

21 50.4* 10-18 IOHDR 26% - 11%

Wiig, Norway 29 46-50 15-20 IOERT 50% - 20%

Eble, 
Heidelberg**

9 41.4 10-20 IOERT 67% 33% 33%^

Dresen, 
Eindhoven***

34 50.4^^ 12.5 IOERT 29% 69% 27%

Haddock, 
Mayo Clinic

224 50.4^^^ 15 IOERT 56% 62% 27%

*50.4 in patients with no prior EBRT; no EBRT in patients with prior radiation
**4-year results
^4-year relapse free survival^^30.6 Gy in previously irradiated patients
^^^5-39.6 Gy in previously irradiated patients
***3-year results

©2012 MFMER  |  3232579-41©2012 MFMER  |  3232579-41

IORT Results- Recurrent Colorectal Ca
R2 resection

Study # Pts EBRT 
dose, Gy

IORT 
dose, Gy

5-year LC 5-yr DM 5-yr OS

Lindel, MGH 15 50.4* 15-20 12% - 13%
Eble, 
Heidelberg**

8 41.4 10-20 60% 75% 25%^

Dresen, 
Eindhoven

29 50.4^^ 15-17.5 29% 71% 24%

Haddock, Mayo 
Clinic

156 50.4^^^ 20 49% 73% 16%

*20-50 Gy in previously irradiated patients
**4-year results
^4-year relapse free survival
^^30.6 Gy in previously irradiated patients
^^^5-39.6 Gy in previously irradiated patients

©2012 MFMER  |  3232579-42©2012 MFMER  |  3232579-42

37 38

39 40

41 42

10/5/2022

7

©2012 MFMER  |  3232579-37©2012 MFMER  |  3232579-37

Overall Survival
Recurrent Colorectal IOERT

Survival
(%)

Years

80

60

40

20

0

100

0 3 5 7 10

Survival
median 36 months
1 year 90%
2 year 70%
5 year 30%
10 year 16%

©2012 MFMER  |  3232579-38©2012 MFMER  |  3232579-38

Endpoint CC LC DC
crude 87% 74% 51%
1 year 96% 92% 78%
2 year 90% 80% 56%
5 year 82% 62% 38%
10 year 78% 57% 36%

Disease Control - Recurrent Colorectal Ca

Disease
Control

(%)

Years

80

60

40

20

0

100

0 3 5 7 10

central control

local control

distant control

©2012 MFMER  |  3232579-39©2012 MFMER  |  3232579-39

IORT Results – Recurrent Colorectal Ca
R0 resection 

Series #Pts EBRT IORT 5-yr S LR
(Gy) (Gy) (%) (%)

Vermaas 2005 17 50 10 45 (3yr) 65
Alektiar 2000 53 45-50 10-18 36 57
Abuchaibe 2000 8 40-50 15 29 50
Dresen 2008 84 30-50 10 59 (3yr) 25
Lindel 2001 25 50 10-15 40 44
Eble 1998 14 41.4 12-20 71(4yr) 21
Wiig 2002 18 46-50 15 60 30
Valentini 1999 11 45-47 10-15 41 20
Haddock 2010 236 30-50 12.5 46 28

©2012 MFMER  |  3232579-40©2012 MFMER  |  3232579-40

IORT Results – Recurrent Colorectal Ca
R1 resection

Study # Pts EBRT 
dose, Gy

IORT 
dose, Gy

IORT 
technique

5-year LC 5-yr DM 5-yr OS

Alektiar, 
MSKCC

21 50.4* 10-18 IOHDR 26% - 11%

Wiig, Norway 29 46-50 15-20 IOERT 50% - 20%

Eble, 
Heidelberg**

9 41.4 10-20 IOERT 67% 33% 33%^

Dresen, 
Eindhoven***

34 50.4^^ 12.5 IOERT 29% 69% 27%

Haddock, 
Mayo Clinic

224 50.4^^^ 15 IOERT 56% 62% 27%

*50.4 in patients with no prior EBRT; no EBRT in patients with prior radiation
**4-year results
^4-year relapse free survival^^30.6 Gy in previously irradiated patients
^^^5-39.6 Gy in previously irradiated patients
***3-year results

©2012 MFMER  |  3232579-41©2012 MFMER  |  3232579-41

IORT Results- Recurrent Colorectal Ca
R2 resection

Study # Pts EBRT 
dose, Gy

IORT 
dose, Gy

5-year LC 5-yr DM 5-yr OS

Lindel, MGH 15 50.4* 15-20 12% - 13%
Eble, 
Heidelberg**

8 41.4 10-20 60% 75% 25%^

Dresen, 
Eindhoven

29 50.4^^ 15-17.5 29% 71% 24%

Haddock, Mayo 
Clinic

156 50.4^^^ 20 49% 73% 16%

*20-50 Gy in previously irradiated patients
**4-year results
^4-year relapse free survival
^^30.6 Gy in previously irradiated patients
^^^5-39.6 Gy in previously irradiated patients

©2012 MFMER  |  3232579-42©2012 MFMER  |  3232579-42

37 38

39 40

41 42

10/5/2022

7

©2012 MFMER  |  3232579-37©2012 MFMER  |  3232579-37

Overall Survival
Recurrent Colorectal IOERT

Survival
(%)

Years

80

60

40

20

0

100

0 3 5 7 10

Survival
median 36 months
1 year 90%
2 year 70%
5 year 30%
10 year 16%

©2012 MFMER  |  3232579-38©2012 MFMER  |  3232579-38

Endpoint CC LC DC
crude 87% 74% 51%
1 year 96% 92% 78%
2 year 90% 80% 56%
5 year 82% 62% 38%
10 year 78% 57% 36%

Disease Control - Recurrent Colorectal Ca

Disease
Control

(%)

Years

80

60

40

20

0

100

0 3 5 7 10

central control

local control

distant control

©2012 MFMER  |  3232579-39©2012 MFMER  |  3232579-39

IORT Results – Recurrent Colorectal Ca
R0 resection 

Series #Pts EBRT IORT 5-yr S LR
(Gy) (Gy) (%) (%)

Vermaas 2005 17 50 10 45 (3yr) 65
Alektiar 2000 53 45-50 10-18 36 57
Abuchaibe 2000 8 40-50 15 29 50
Dresen 2008 84 30-50 10 59 (3yr) 25
Lindel 2001 25 50 10-15 40 44
Eble 1998 14 41.4 12-20 71(4yr) 21
Wiig 2002 18 46-50 15 60 30
Valentini 1999 11 45-47 10-15 41 20
Haddock 2010 236 30-50 12.5 46 28

©2012 MFMER  |  3232579-40©2012 MFMER  |  3232579-40

IORT Results – Recurrent Colorectal Ca
R1 resection

Study # Pts EBRT 
dose, Gy

IORT 
dose, Gy

IORT 
technique

5-year LC 5-yr DM 5-yr OS

Alektiar, 
MSKCC

21 50.4* 10-18 IOHDR 26% - 11%

Wiig, Norway 29 46-50 15-20 IOERT 50% - 20%

Eble, 
Heidelberg**

9 41.4 10-20 IOERT 67% 33% 33%^

Dresen, 
Eindhoven***

34 50.4^^ 12.5 IOERT 29% 69% 27%

Haddock, 
Mayo Clinic

224 50.4^^^ 15 IOERT 56% 62% 27%

*50.4 in patients with no prior EBRT; no EBRT in patients with prior radiation
**4-year results
^4-year relapse free survival^^30.6 Gy in previously irradiated patients
^^^5-39.6 Gy in previously irradiated patients
***3-year results

©2012 MFMER  |  3232579-41©2012 MFMER  |  3232579-41

IORT Results- Recurrent Colorectal Ca
R2 resection

Study # Pts EBRT 
dose, Gy

IORT 
dose, Gy

5-year LC 5-yr DM 5-yr OS

Lindel, MGH 15 50.4* 15-20 12% - 13%
Eble, 
Heidelberg**

8 41.4 10-20 60% 75% 25%^

Dresen, 
Eindhoven

29 50.4^^ 15-17.5 29% 71% 24%

Haddock, Mayo 
Clinic

156 50.4^^^ 20 49% 73% 16%

*20-50 Gy in previously irradiated patients
**4-year results
^4-year relapse free survival
^^30.6 Gy in previously irradiated patients
^^^5-39.6 Gy in previously irradiated patients

©2012 MFMER  |  3232579-42©2012 MFMER  |  3232579-42

37 38

39 40

41 42

10/5/2022

7

©2012 MFMER  |  3232579-37©2012 MFMER  |  3232579-37

Overall Survival
Recurrent Colorectal IOERT

Survival
(%)

Years

80

60

40

20

0

100

0 3 5 7 10

Survival
median 36 months
1 year 90%
2 year 70%
5 year 30%
10 year 16%

©2012 MFMER  |  3232579-38©2012 MFMER  |  3232579-38

Endpoint CC LC DC
crude 87% 74% 51%
1 year 96% 92% 78%
2 year 90% 80% 56%
5 year 82% 62% 38%
10 year 78% 57% 36%

Disease Control - Recurrent Colorectal Ca

Disease
Control

(%)

Years

80

60

40

20

0

100

0 3 5 7 10

central control

local control

distant control

©2012 MFMER  |  3232579-39©2012 MFMER  |  3232579-39

IORT Results – Recurrent Colorectal Ca
R0 resection 

Series #Pts EBRT IORT 5-yr S LR
(Gy) (Gy) (%) (%)

Vermaas 2005 17 50 10 45 (3yr) 65
Alektiar 2000 53 45-50 10-18 36 57
Abuchaibe 2000 8 40-50 15 29 50
Dresen 2008 84 30-50 10 59 (3yr) 25
Lindel 2001 25 50 10-15 40 44
Eble 1998 14 41.4 12-20 71(4yr) 21
Wiig 2002 18 46-50 15 60 30
Valentini 1999 11 45-47 10-15 41 20
Haddock 2010 236 30-50 12.5 46 28

©2012 MFMER  |  3232579-40©2012 MFMER  |  3232579-40

IORT Results – Recurrent Colorectal Ca
R1 resection

Study # Pts EBRT 
dose, Gy

IORT 
dose, Gy

IORT 
technique

5-year LC 5-yr DM 5-yr OS

Alektiar, 
MSKCC

21 50.4* 10-18 IOHDR 26% - 11%

Wiig, Norway 29 46-50 15-20 IOERT 50% - 20%

Eble, 
Heidelberg**

9 41.4 10-20 IOERT 67% 33% 33%^

Dresen, 
Eindhoven***

34 50.4^^ 12.5 IOERT 29% 69% 27%

Haddock, 
Mayo Clinic

224 50.4^^^ 15 IOERT 56% 62% 27%

*50.4 in patients with no prior EBRT; no EBRT in patients with prior radiation
**4-year results
^4-year relapse free survival^^30.6 Gy in previously irradiated patients
^^^5-39.6 Gy in previously irradiated patients
***3-year results

©2012 MFMER  |  3232579-41©2012 MFMER  |  3232579-41

IORT Results- Recurrent Colorectal Ca
R2 resection

Study # Pts EBRT 
dose, Gy

IORT 
dose, Gy

5-year LC 5-yr DM 5-yr OS

Lindel, MGH 15 50.4* 15-20 12% - 13%
Eble, 
Heidelberg**

8 41.4 10-20 60% 75% 25%^

Dresen, 
Eindhoven

29 50.4^^ 15-17.5 29% 71% 24%

Haddock, Mayo 
Clinic

156 50.4^^^ 20 49% 73% 16%

*20-50 Gy in previously irradiated patients
**4-year results
^4-year relapse free survival
^^30.6 Gy in previously irradiated patients
^^^5-39.6 Gy in previously irradiated patients

©2012 MFMER  |  3232579-42©2012 MFMER  |  3232579-42

37 38

39 40

41 42

10/5/2022

7

©2012 MFMER  |  3232579-37©2012 MFMER  |  3232579-37

Overall Survival
Recurrent Colorectal IOERT

Survival
(%)

Years

80

60

40

20

0

100

0 3 5 7 10

Survival
median 36 months
1 year 90%
2 year 70%
5 year 30%
10 year 16%

©2012 MFMER  |  3232579-38©2012 MFMER  |  3232579-38

Endpoint CC LC DC
crude 87% 74% 51%
1 year 96% 92% 78%
2 year 90% 80% 56%
5 year 82% 62% 38%
10 year 78% 57% 36%
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IORT Results – Recurrent Colorectal Ca
R0 resection 

Series #Pts EBRT IORT 5-yr S LR
(Gy) (Gy) (%) (%)

Vermaas 2005 17 50 10 45 (3yr) 65
Alektiar 2000 53 45-50 10-18 36 57
Abuchaibe 2000 8 40-50 15 29 50
Dresen 2008 84 30-50 10 59 (3yr) 25
Lindel 2001 25 50 10-15 40 44
Eble 1998 14 41.4 12-20 71(4yr) 21
Wiig 2002 18 46-50 15 60 30
Valentini 1999 11 45-47 10-15 41 20
Haddock 2010 236 30-50 12.5 46 28
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IORT Results – Recurrent Colorectal Ca
R1 resection

Study # Pts EBRT 
dose, Gy

IORT 
dose, Gy

IORT 
technique

5-year LC 5-yr DM 5-yr OS

Alektiar, 
MSKCC

21 50.4* 10-18 IOHDR 26% - 11%

Wiig, Norway 29 46-50 15-20 IOERT 50% - 20%

Eble, 
Heidelberg**

9 41.4 10-20 IOERT 67% 33% 33%^

Dresen, 
Eindhoven***

34 50.4^^ 12.5 IOERT 29% 69% 27%

Haddock, 
Mayo Clinic

224 50.4^^^ 15 IOERT 56% 62% 27%

*50.4 in patients with no prior EBRT; no EBRT in patients with prior radiation
**4-year results
^4-year relapse free survival^^30.6 Gy in previously irradiated patients
^^^5-39.6 Gy in previously irradiated patients
***3-year results
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IORT Results- Recurrent Colorectal Ca
R2 resection

Study # Pts EBRT 
dose, Gy

IORT 
dose, Gy

5-year LC 5-yr DM 5-yr OS

Lindel, MGH 15 50.4* 15-20 12% - 13%
Eble, 
Heidelberg**

8 41.4 10-20 60% 75% 25%^

Dresen, 
Eindhoven

29 50.4^^ 15-17.5 29% 71% 24%

Haddock, Mayo 
Clinic

156 50.4^^^ 20 49% 73% 16%

*20-50 Gy in previously irradiated patients
**4-year results
^4-year relapse free survival
^^30.6 Gy in previously irradiated patients
^^^5-39.6 Gy in previously irradiated patients
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IOERT Related Neuropathy 
Recurrent Colorectal Cancer

≤ 1250 cGy  > 1250 cGy 

any neuropathy 9% 21%

Grade 1 3% 7%

Grade 2 4% 10%

Grade 3 1% 4%
P = 0.0003

IOERT Dose
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IOERT for Colorectal Nodal Mets
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IORT for Colorectal Cancer
Conclusions

• IORT 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

• IORT 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
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Case #1
• 70 yom with T4N0 cecal cancer
• Resection with positive radial margin
• No adjuvant therapy
• Tumor bed relapse one year later
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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

49 50

51 52

53 54
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Case #1
Recurrent Colon Cancer

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

55
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HNSALV 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

Background

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

▪ Local control after surgery alone is unacceptably 
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. 

▪ 130 previously radiated patients with recurrent 
head/neck cancer 

▪ Randomized to surgery followed by:
▪ Observation 
▪ Chemoradiation

▪ 60 Gy with concurrent 5-FU and Hydroxyurea

Results

Toxicity Purposes of study

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

2. Compare our outcomes to historical controls.
3. Determine if surgical margin status has a 

significant impact on LRC, PFS, and OS.
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Combining Immunotherapy with Salvage Surgery and IORT  
for Treatment of Persistent/Recurrent Head and Neck Cancers

Case Breakdown at The Ohio State University 
from 2004-2015

Total cases:99

Upfront:  38 Salvage:61

SCC:  45 Non-SCC: 17

+ margin: 18 - margin: 21

Patient Characteristics

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

Prior therapy IORT Prescriptions

▪ Median dose was 12.5 Gy (range 10 – 17.5 Gy)

Additional treatment

n Regimen

No post-op EBRT
Post-op EBRT

38
23

N/A
Median 45 Gy; Range 25 –56 Gy

No post-op chemo
Post-op chemo

52
9

N/A
Carboplatin/Paclitaxel (4)

Cisplatin (4)
Carboplatin (1)

~62 % of patients only had surgery and IORT

Results
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Salvage – All histologies

1 y LC 59% 1 y DFS 39% 1 y OS 62%
2 y OS 42%

Salvage - SCC

p = 0.03NS

p = 0.09

Grade 5 toxicity

▪ Carotid blowout
▪ 18 days after surgery
▪ Within IORT treatment field
▪ Patient had split thickness skin graft placed over 

carotid at time of surgery

Other significant toxicities

▪ ORN (2)
▪ Wound dehiscence (1)
▪ PC fistula (1)
▪ TE fistula (1)

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. 

18
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Combining Immunotherapy with Salvage Surgery and IORT  
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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

▪ 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. 

20

Mandal R, et al. The head and neck cancer immune landscape and its immunotherapeutic implications. JCI Insight 1(17).
Cavaleri S, et al. Immuno-Oncology in head and neck squamous cell cancers: News from clinical trials, emerging predictive factors 
and unmet needs.  Cancer treatment reviews 2018 
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Combining Immunotherapy with Salvage Surgery and IORT  
for Treatment of Persistent/Recurrent Head and Neck Cancers

Recurrent/Persi
stent H&N 

SCCA
(Tissue)

Immunotherapy
(2 doses)

0 Gy

2 Gy x 2

8 Gy x 2

Pre-Op Radiation

Blood, Urine & 
Tissue

PET/CT/MRI Blood, 
Urine & 
Tissue

Surgery-> 
IORT 10-

15Gy

Surgery-> 
IORT 10-

15Gy

Surgery-> 
IORT 10-

15Gy
Immunotherapy

Blood, 
Urine & 
Tissue

Blood, 
Urine & 
Tissue

3 month
follow-ups 
for up to 1 

year

PET/CT/MRI

HNSALV Trial

Primary End Points
Toxicity – 15 patients each arm

Secondary End Points
6 month LC, DFS &OS
Clinical and Mol. translational analysis
QOL

Acknowledgments
▪ Arnab Chakravarti MD

▪ John Grecula MD
▪ Mauricio Gamez MD

▪ Nikol Mladkova MD PhD
▪ Marcelo Bonomi MD

▪ James Rocco MD PhD
▪ Matt Old MD

▪ Enver Ozer MD
▪ Amit Agrawal MD
▪ Steven Kang MD

▪ Ricardo Carrau MD
▪ Nolan Seim MD

▪ Kyle VanKoevering MD

26

THANK YOU!

27

Speaker presentations



74 2022 I N T E R N AT I O N A L S O C I E T Y O F I N T R AO P E R AT I V E R A D I AT I O N T H E R A P Y ( I S I O R T )  CO N F E R E N C E 752022 I N T E R N AT I O N A L S O C I E T Y O F I N T R AO P E R AT I V E R A D I AT I O N T H E R A P Y ( I S I O R T )  CO N F E R E N C E

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

Speaker presentations

UNIKLINIKUM SALZBURG 22-10-05

Universitätsklinikum der PMU | SALK 1

Fastner G1
,  Reitsamer R2,3, C. Gaisberger P1, W.Hitzl18, B. Urbanski19 , Milecki P4, Karzcewska A20, Murawa D5, Hager, E6, Ciabattoni A7,              

Budach W8, Matuschek  C8, R. Isaak9, Reiland J10
, K. Arneson10 SchumacherC11

, Ricke A11
, Ricardi U12, Fusco V13, Vidali C14, Ivaldi GB15, 

Alessandro M16 , Bräutigam E 17 KA Hartmann 21 , Fischer Th2,3, Sedlmayer F1 on behalf the HIOB Trialist group
1UC Radiotherapy und Radio-Oncology, Landeskrankenhaus, Paracelsus Medical University, Salzburg
2UC  Gynecology, Landeskrankenhaus, Paracelsus Medical University, Salzburg,
3UC Special Gynecology (Breast Center), Landeskrankenhaus, Paracelsus Medical University, Salzburg
4Dep. Radiotherapy Clinic, Electroradiology,  Wielkopolska Cancer Centre, Poznań, Poland 
5Clinic of Gnereral Surgery and Surgical Oncology, Faculty of Medicine and Health Sciences Un., Zielona Gora, Poland
6Dep. Radiotherapy/Radioonkology, Landeskrankenhaus Klagenfurt, Austria
7U.O.C. Radioterapia, San Filippo Neri Hospital, Rome, Italy
8 Medical Faculty,Dep. of Radiation Oncology, Heinrich Heine University,  Düsseldorf, Germany
9Institut Radiation Oncology, St.Lukes Hospital, Cedar Rapids, USA
10Institut Breast Surgery, Avera Regional Medical Center, Sioux Falls, USA
11Brustentrum/Senologie, St-Elisabeth Hospital Cologne-Hohenlind, Germany
12Dep of Oncology, University of Turin, Turin, Italy
13Radioterapia, IRCCS-CROB Reference Cancer Center Basilicata, Rionero in Vulture, Italy
14 Dep. Radiation Oncology, Azienda Sanitaria Universitaria Giuliano-Insontina, Trieste, Italy 
15 Dep. Radiation Oncology, ICS- Maugeri - IRCCS,Pavia, Italy 
16Div. of Radiation Oncology,Ospedale di Città di Castello , USL Umbria 1, Citta di Castello,  Italy
17Dep. for Radiation Oncology, Ordensklinikum Linz Barmherzige Schwestern, Linz, Austria
18 Research Office-Biostatistics, Paracelsus Medical University, Salzburg
19 Dep. Radiotherapy Clinic, Gynecological Oncology,  Wielkopolska Cancer Centre, Poznań, Poland 
20 Centre of Radiotherapy Affidea, Koszalin, Poland
21 Klinik f. Strahlentherapie und rad. Onkologie, Marien Hospital Düsseldorf GmbH, Düsseldorf, Germany

Hypofractionated whole breast irradiation and IOERT Boost:
HIOB (NCT01343459): First clinical results 
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▪ HIOB: IOERT 11 Gy + 15 x 2.7 Gy WBI

▪ Rationale for Hypofractionation:
Canadian and START-Trials (UK)

▪ Rationale for IOERT Boost (10 Gy): 
6-J LRR:   0.8% [Fastner G. et al, Radiother Oncol 2013]

10-J LRR: 2.7%   [Kaiser J. et al, Int J Radiat Oncol Biol Phys 2018]

Design:
▪ Sequential probability ratio test, SPRT
▪ One armed, multicentric, prospective trial

Background

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 

• upper  limit (exceeding = inferiority) and a 

• lower limit (undershooting = superiority/equality). 

Sequiential probability Ratio Test - SPRT
annual rate % 5-year rate %

▪ Age > 50 : 0.7                  3.5   (Bartelink)  

0.4 2.0 (START B) 

▪ Age 41-50 : 1.2          6     (Bartelink)

0.72                3.6  (Whelan)

▪ Age 35-40: 2                     10  (Bartelink) 

0,72  3.6 (Whelan)

Primary Endpoint: „Local Control“

upper limit (tolerated)
lower limit (best published)

22-10-05 University Hospital - Paracelsus Medical University | Gemeinnützige Salzburger Landeskliniken Betriebsges.m.b.H. 4

Further Endpoints

Secondary Endpoints

• DFS, MFS, OS, DSS, LC, and LRC

Tertiary Endpoints:

• acute toxicity : CTC-Sxcoring system

• late toxicity: LENT-SOMA 

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

22-10-05 University Hospital - Paracelsus Medical University | Gemeinnützige Salzburger Landeskliniken Betriebsges.m.b.H. 5

Inclusion criteria
• Inv. breast Carcinoma

• Age:  ≥ 35 

• T-status:  T1-2

• N-status: N0-1

• R0-Resection

• All Grade G1-G3, all HR and Her-2 status

• Neoadjuvant/adjuvant therapy: No limits
22-10-05 University Hospital - Paracelsus Medical University | Gemeinnützige Salzburger Landeskliniken Betriebsges.m.b.H. 6

IOERT

Dprescr
(Prescription dose

11,1 Gy = Maximum on 
central beam axis)

Cax
(Central beam axis –geometric tube axis )

clinAx
clinical axis – perpendicular to tissue surface

d (reported depth)
.

▪PTV-Definition:
3D Volume of at least 2 cm beyond the former macroscopic tumor

edge. Procedure: Without skin, “dose-limit” at rib-surface: 5 (-7) Gy

▪ IOERT Dose: 11.1 Gy Dmax on the central axis

▪ PTV encompassed by 90% of the prescribed dose (i.e. 10 Gy)

1 2

3 4

5 6
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▪ HIOB: IOERT 11 Gy + 15 x 2.7 Gy WBI

▪ Rationale for Hypofractionation:
Canadian and START-Trials (UK)

▪ Rationale for IOERT Boost (10 Gy): 
6-J LRR:   0.8% [Fastner G. et al, Radiother Oncol 2013]

10-J LRR: 2.7%   [Kaiser J. et al, Int J Radiat Oncol Biol Phys 2018]

Design:
▪ Sequential probability ratio test, SPRT
▪ One armed, multicentric, prospective trial

Background

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 

• upper  limit (exceeding = inferiority) and a 

• lower limit (undershooting = superiority/equality). 

Sequiential probability Ratio Test - SPRT
annual rate % 5-year rate %

▪ Age > 50 : 0.7                  3.5   (Bartelink)  

0.4 2.0 (START B) 

▪ Age 41-50 : 1.2          6     (Bartelink)

0.72                3.6  (Whelan)

▪ Age 35-40: 2                     10  (Bartelink) 

0,72  3.6 (Whelan)

Primary Endpoint: „Local Control“

upper limit (tolerated)
lower limit (best published)
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Further Endpoints

Secondary Endpoints

• DFS, MFS, OS, DSS, LC, and LRC

Tertiary Endpoints:

• acute toxicity : CTC-Sxcoring system

• late toxicity: LENT-SOMA 

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

22-10-05 University Hospital - Paracelsus Medical University | Gemeinnützige Salzburger Landeskliniken Betriebsges.m.b.H. 5

Inclusion criteria
• Inv. breast Carcinoma

• Age:  ≥ 35 

• T-status:  T1-2

• N-status: N0-1

• R0-Resection

• All Grade G1-G3, all HR and Her-2 status

• Neoadjuvant/adjuvant therapy: No limits
22-10-05 University Hospital - Paracelsus Medical University | Gemeinnützige Salzburger Landeskliniken Betriebsges.m.b.H. 6

IOERT

Dprescr
(Prescription dose

11,1 Gy = Maximum on 
central beam axis)

Cax
(Central beam axis –geometric tube axis )

clinAx
clinical axis – perpendicular to tissue surface

d (reported depth)
.

▪PTV-Definition:
3D Volume of at least 2 cm beyond the former macroscopic tumor

edge. Procedure: Without skin, “dose-limit” at rib-surface: 5 (-7) Gy

▪ IOERT Dose: 11.1 Gy Dmax on the central axis

▪ PTV encompassed by 90% of the prescribed dose (i.e. 10 Gy)
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▪ HIOB: IOERT 11 Gy + 15 x 2.7 Gy WBI

▪ Rationale for Hypofractionation:
Canadian and START-Trials (UK)

▪ Rationale for IOERT Boost (10 Gy): 
6-J LRR:   0.8% [Fastner G. et al, Radiother Oncol 2013]

10-J LRR: 2.7%   [Kaiser J. et al, Int J Radiat Oncol Biol Phys 2018]

Design:
▪ Sequential probability ratio test, SPRT
▪ One armed, multicentric, prospective trial

Background

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 

• upper  limit (exceeding = inferiority) and a 

• lower limit (undershooting = superiority/equality). 

Sequiential probability Ratio Test - SPRT
annual rate % 5-year rate %

▪ Age > 50 : 0.7                  3.5   (Bartelink)  

0.4 2.0 (START B) 

▪ Age 41-50 : 1.2          6     (Bartelink)

0.72                3.6  (Whelan)

▪ Age 35-40: 2                     10  (Bartelink) 

0,72  3.6 (Whelan)

Primary Endpoint: „Local Control“

upper limit (tolerated)
lower limit (best published)

22-10-05 University Hospital - Paracelsus Medical University | Gemeinnützige Salzburger Landeskliniken Betriebsges.m.b.H. 4

Further Endpoints

Secondary Endpoints

• DFS, MFS, OS, DSS, LC, and LRC

Tertiary Endpoints:

• acute toxicity : CTC-Sxcoring system

• late toxicity: LENT-SOMA 

• Cosmesis: 5-Point-Scoring System (van Limbergen) 
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Inclusion criteria
• Inv. breast Carcinoma

• Age:  ≥ 35 

• T-status:  T1-2

• N-status: N0-1

• R0-Resection

• All Grade G1-G3, all HR and Her-2 status

• Neoadjuvant/adjuvant therapy: No limits
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▪ HIOB: IOERT 11 Gy + 15 x 2.7 Gy WBI

▪ Rationale for Hypofractionation:
Canadian and START-Trials (UK)

▪ Rationale for IOERT Boost (10 Gy): 
6-J LRR:   0.8% [Fastner G. et al, Radiother Oncol 2013]

10-J LRR: 2.7%   [Kaiser J. et al, Int J Radiat Oncol Biol Phys 2018]

Design:
▪ Sequential probability ratio test, SPRT
▪ One armed, multicentric, prospective trial

Background

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 

• upper  limit (exceeding = inferiority) and a 

• lower limit (undershooting = superiority/equality). 

Sequiential probability Ratio Test - SPRT
annual rate % 5-year rate %

▪ Age > 50 : 0.7                  3.5   (Bartelink)  

0.4 2.0 (START B) 

▪ Age 41-50 : 1.2          6     (Bartelink)

0.72                3.6  (Whelan)

▪ Age 35-40: 2                     10  (Bartelink) 

0,72  3.6 (Whelan)

Primary Endpoint: „Local Control“

upper limit (tolerated)
lower limit (best published)
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Further Endpoints

Secondary Endpoints

• DFS, MFS, OS, DSS, LC, and LRC

Tertiary Endpoints:

• acute toxicity : CTC-Sxcoring system

• late toxicity: LENT-SOMA 

• Cosmesis: 5-Point-Scoring System (van Limbergen) 
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Inclusion criteria
• Inv. breast Carcinoma

• Age:  ≥ 35 

• T-status:  T1-2

• N-status: N0-1

• R0-Resection

• All Grade G1-G3, all HR and Her-2 status

• Neoadjuvant/adjuvant therapy: No limits
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▪PTV-Definition:
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▪ HIOB: IOERT 11 Gy + 15 x 2.7 Gy WBI

▪ Rationale for Hypofractionation:
Canadian and START-Trials (UK)

▪ Rationale for IOERT Boost (10 Gy): 
6-J LRR:   0.8% [Fastner G. et al, Radiother Oncol 2013]

10-J LRR: 2.7%   [Kaiser J. et al, Int J Radiat Oncol Biol Phys 2018]

Design:
▪ Sequential probability ratio test, SPRT
▪ One armed, multicentric, prospective trial

Background

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 

• upper  limit (exceeding = inferiority) and a 

• lower limit (undershooting = superiority/equality). 

Sequiential probability Ratio Test - SPRT
annual rate % 5-year rate %

▪ Age > 50 : 0.7                  3.5   (Bartelink)  

0.4 2.0 (START B) 

▪ Age 41-50 : 1.2          6     (Bartelink)
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0,72  3.6 (Whelan)

Primary Endpoint: „Local Control“
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lower limit (best published)
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Further Endpoints

Secondary Endpoints

• DFS, MFS, OS, DSS, LC, and LRC

Tertiary Endpoints:

• acute toxicity : CTC-Sxcoring system

• late toxicity: LENT-SOMA 

• Cosmesis: 5-Point-Scoring System (van Limbergen) 
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Inclusion criteria
• Inv. breast Carcinoma

• Age:  ≥ 35 

• T-status:  T1-2

• N-status: N0-1

• R0-Resection

• All Grade G1-G3, all HR and Her-2 status

• Neoadjuvant/adjuvant therapy: No limits
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WBI only (no RNI) 

• 2.7 Gy (ICRU) x 15 (5 Fx/week)

WBI and Start of treatment

Day 36-56 post OP 

• Adjuvant Chemotherapy:
Up to 9 mths

8

CONSORT-diagram:

Eligible patients: N= 1445

Excluded:
N= 326

Analysis (04/20):
N= 1119

• „per protocol“: N=758
• „ITT-criteria“: N=361
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▪ Austria: 3
▪ Poland: 1
▪ USA: 2
▪ Italy: 9
▪ Germany: 3
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9% 13%

Rekrutierung nach Zentren: 18Recruiting centres: 18

% of recruited pts
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▪ Age groups:  35 - 40: n=45 4%
41 – 50: n=285 26%
> 50: n=789 70%

Patients in FUP: n=1104
▪ 1 year: 1049 95 %
▪ 3 years: 863 78 %
▪ 5 years: 518 47 %
▪ 6 years: 348 31 %
▪ 7 years: 98 9 %
▪ 8 years: 33 3 %
▪ 9 years: 1

▪ FUP (Months):  Median 50   (0.7 – 104)

Patients and FUP: N= 1119
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Age (y) n (%) Histology n
35-40 45 (4) IDC/NST 870 (78)
41-50 285 (26) ILC 103 (9)
> 50 789 (70) mixed 88 (8)

T-Stage others 58 (5)
1 949 (85) EIC-Status
2 145 (13) negative 970 (87)
x 5 (0.5) positive 149 (13)
0 20 (1.5) Grading

G1 268 (24)
N- Stage G2 629 (56)

0 984 (88) G3 168 (15)
1 130 (11.5) Gx 54 (5)
X 5 (0.5) HER2-Status

R-Status (mm) 5 (0.1-80) neg 961 (85.9)
KI67 (%) pos 157 (14)

<20 487 (44) ns 1 (0.1)
≥ 20 494 (44) HR- Status 
ns 138 (12) neg 98 (8.9)

Multifocality pos 1020 (91)
no 979 (87) ns 1 (0.1)
yes 140 (13) 22-10-05 University Hospital - Paracelsus Medical University | Gemeinnützige Salzburger Landeskliniken Betriebsges.m.b.H. 12
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≥ 20 494 (44) HR- Status 
ns 138 (12) neg 98 (8.9)

Multifocality pos 1020 (91)
no 979 (87) ns 1 (0.1)
yes 140 (13)
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▪ 1 year: 1049 95 %
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HIOB Trial: Hypofractionated Whole Breast Irradiation  
and Electron IORT Boost in Early-Stage Breast Cancer
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Systemtherapie/techn. Parameter 

ET: N=983, 88%
adj.CT +/- Tra +/- Per: N=213, 21%
NACT  +/- Tra +/- Per: N=53, 5%
ET/CT: N=183 (16%)
Tra/+-Per: N=61 (5.5%)

Tube diameter cm: Med. 6 cm (4-8)
Lead shielding: yes: n=268 (24%)

no: n=851 (76%)
Electron energy MeV: Med. 9 (4-15)
V 90 ml: Med.44 (4-104)
Breast volume (PTV) ml: Med. 1350 (233-2457)

Systemic treatment / IOERT parameters

22-10-05 University Hospital - Paracelsus Medical University | Gemeinnützige Salzburger Landeskliniken Betriebsges.m.b.H. 14

Klinisches Resultate:
• 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=32 (3%)

Clinical Results:

15

Treatment tolerance

Evaluation:         n=1118 n=1103
CTC WBI – End      4 weeks post WBI
CTC 0/I (no/faint reaction): 99.7 % 99.3%
CTC II/III(moderate/moist desquamation): 0.3 % 0.7%  
CTC III WBI-End 4 weeks post WBI
Pats 1 0
CTC IV 0 1*

*: prolonged wound healing
ipsilat. axilla (not in the IORT field)  

Acute toxicity

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

G0/2: 99.6% (99.3-100)
G3/4**: 0.3% (0-1.9) 

**:3 patients with pain G4: 
Pat.1: until year 2
Pat.2: In the course of metastases
Pat. 3: G3 fibrosis – lost to FUP
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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

05/2018: N=158
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LRR: Altersgruppe 41- 50 Jahre

10/2019: N=92

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
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n=11

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
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n=11

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
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Systemtherapie/techn. Parameter 

ET: N=983, 88%
adj.CT +/- Tra +/- Per: N=213, 21%
NACT  +/- Tra +/- Per: N=53, 5%
ET/CT: N=183 (16%)
Tra/+-Per: N=61 (5.5%)

Tube diameter cm: Med. 6 cm (4-8)
Lead shielding: yes: n=268 (24%)

no: n=851 (76%)
Electron energy MeV: Med. 9 (4-15)
V 90 ml: Med.44 (4-104)
Breast volume (PTV) ml: Med. 1350 (233-2457)

Systemic treatment / IOERT parameters
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Klinisches Resultate:
• 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=32 (3%)

Clinical Results:

15

Treatment tolerance

Evaluation:         n=1118 n=1103
CTC WBI – End      4 weeks post WBI
CTC 0/I (no/faint reaction): 99.7 % 99.3%
CTC II/III(moderate/moist desquamation): 0.3 % 0.7%  
CTC III WBI-End 4 weeks post WBI
Pats 1 0
CTC IV 0 1*

*: prolonged wound healing
ipsilat. axilla (not in the IORT field)  

Acute toxicity

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

G0/2: 99.6% (99.3-100)
G3/4**: 0.3% (0-1.9) 

**:3 patients with pain G4: 
Pat.1: until year 2
Pat.2: In the course of metastases
Pat. 3: G3 fibrosis – lost to FUP
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Secondary endpoints

DFS: 97.8% (96.9-98.8)

MFS: 98.1% (97.2-99)
DSS: 99.4% (98.8-99.9)
OS: 97.9% (96.6-98.9)
LC: 100% 
LRC: 99.7% (99.4-100)

Act. 4-year rates (95% CI)
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Cosmesis evaluation:
Rep.  Photodocumentation, Double evaluation: Doctor/Patient

Qualitative 5-Point-Score Van Limbergen E 1989

E0: Excellent
E1: Good
E2: Moderate
E3: Bad
E4: Complications

E0-E1: Satisfactory
E0-E2: Acceptable
E3-E4: Unacceptable
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„Subjective“ breast cosmesis

86%

98%
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„Objective“ breast cosmesis
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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
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E3: Bad
E4: Complications

E0-E1: Satisfactory
E0-E2: Acceptable
E3-E4: Unacceptable

22-10-05 University Hospital - Paracelsus Medical University | Gemeinnützige Salzburger Landeskliniken Betriebsges.m.b.H. 21

„Subjective“ breast cosmesis

86%

98%

2%

83%
78%

98%

2%

22-10-05 University Hospital - Paracelsus Medical University | Gemeinnützige Salzburger Landeskliniken Betriebsges.m.b.H. 22

„Objective“ breast cosmesis

98%

76%

2%

71%

94%

6%
8%

22-10-05 University Hospital - Paracelsus Medical University | Gemeinnützige Salzburger Landeskliniken Betriebsges.m.b.H. 23

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

22-10-05 University Hospital - Paracelsus Medical University | Gemeinnützige Salzburger Landeskliniken Betriebsges.m.b.H. 24
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Low-energy x-rays for intraoperative radiotherapy

Overview TARGIT trials

IORT as APBI
•TARGIT A
•TARGIT E
•TARGIT C
•TARGIT US
•TARGIT R

IORT as an anticipated boost
•TARGIT B
•TARGIT BQR Long-term outcomes of the

TARGIT A trial

Why focus on pre-pathology
results = immediate IORT?

 Recommended treatment and 
in favour compared to post-
pathology IORT (seen in 2014)

Vaidya, J. S. et al. (2020). Long-term survival and local control outcomes from single dose targeted intraoperative radiotherap y during lumpectomy 
(TARGIT-IORT) for early breast cancer: TARGIT-A randomised clinical trial. BMJ, 370, m2836. https://doi.org/10.1 136/bmj.m2836

2298 patients

10 countries

32 centers

TARGIT A Trial
Long-term results for pre-pathology

• Largest multicenter RCT for APBI with one modality
• Academically driven
• Supervised by NIHR who signed off the statistical analyses plan

1140 women received risk adapted TARGIT
1158 women received standard EBRT treatment

Randomized between 2000 and 2012

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.
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TARGIT A Trial

Vaidya J et al 2021 Br J Cancer  – New clinical and biological insights from the
international TARGIT-A randomised trial of targeted intraoperative radiotherapy

during lumpectomy for breast cancer

Experimental arm:

IORT n=899
IORT + EBRT 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)

Vaidya, J. S. et al. (2020). Long-term survival and local control outcomes from single dose targeted intraoperative   
radiotherapy during lumpectomy (T ARGIT-IORT) for early breast cancer: TARGIT-A randomised clinical trial. BMJ,  
370, m2836. https://doi.org/10.1 136/bmj.m2836

Screen detection~67%

Tumor size~84% ≤ 2cm 

Tumor grade~20% grade 3  

LN invasion~22% node positive

0% 100%

Patient 
Characteristics

TARGIT A Trial
Long-term results

Vaidya J et al 2020 BMJ  – 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 trial

TARGIT A Trial
Long-term results

Primary Outcome:

Local recurrence
rate @ 5 years
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Patient  
Characteristics

Trial name PBI Treatment 
Technique

Follow-up 
(months)

Local Recurrence 
(PBI vs. WBI)

Overall Survival 
(PBI vs. WBI)

Florence1,2,4  
n = 520

Grade 3 = 11.4% 
N0 = 85.6% 128.4 IMRT 

5 fractions 3.7% vs. 2.5% 91.9% vs. 91.9%

Budapest1,2  
n = 258

Grade 3 = 0%  
N0 = 94.6% 122.4 Brachytherapy (HDR) 

7 fractions 5.9% vs. 5.1% 82% vs. 80%

B-39 (NSBAP)1,2  
n = 4216

Grade 3 = NR 
pN0 = 65.0% 122

3D-Radiotherapy, 
Brachytherapy (HDR) 
Mammosite Balloon 

10 fractions or 5-10 days
4.6% vs. 3.9% 90.6% vs. 91.3%

TARGIT-A1,2,3  
n = 2298

Grade 3 = 20.1%  
N0 = 83.9% 102 IORT (50kV) 

1 fraction 2.11% vs. 0.95% 92.0% vs. 90.0%

GEC-ESTRO1,2  
n = 1184

Grade 3 = 8.4% 
N0 = 99.2% 79.2 Brachytherapy (HDR) 

~8 fractions 1.4% vs. 0.9% 97.3% vs. 95.5%

IMPORT-LOW1,2  
n = 1343

Grade 3 = 9.5% 
N0 = 97.0% 72.2 IMRT 

15 fractions 0.5% vs. 1.1% 94% vs. 94%

ELIOT1,2  
n = 1305

Grade 3 = 21.7%  
N0 = 73.4% 69.6 IOERT 

1 fraction 4.4% vs. 0.4% 98.8% vs. 96.9%

TARGIT A and other APBI trials

First per-protocol analysis of the 
TARGIT E(lderly) Trial 
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TARGIT E: Purpose/Objective

Single arm prospective phase II 
study to test APBI in selected elderly 
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Risk-adapted approach

First per protocol analysis of local 
recurrence rate and overall survival
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TARGIT E: Inclusion/Exclusion criteria

Inclusion criteria
 ≥70 years
 cT1/2 (< 3.5 cm)
 cN0
 cM0
 invasive carcinoma 

(ductal)
 Informed consent

Exclusion criteria
 Extensive intraductal

component

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

24

Priv.-Doz. Dr. med. Elena Sperk

TARGIT E: Materials/Methods

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

IORT with low-energy x-rays (INTRABEAM®) with 20Gy 
+/- whole breast irradiation with a standard dose of 46-50Gy

Primary outcome: local recurrence rate measured at 2.5,5 and 7.5 years using 
the Kaplan-Meier method. Termination due to futility was deemed necessary in 
case local relapse rates exceeded 3/4/6% at 2.5/5/7.5 years.

Secondary outcome: overall survival
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Patient  
Characteristics

Trial name PBI Treatment 
Technique

Follow-up 
(months)

Local Recurrence 
(PBI vs. WBI)

Overall Survival 
(PBI vs. WBI)

Florence1,2,4  
n = 520

Grade 3 = 11.4% 
N0 = 85.6% 128.4 IMRT 

5 fractions 3.7% vs. 2.5% 91.9% vs. 91.9%

Budapest1,2  
n = 258

Grade 3 = 0%  
N0 = 94.6% 122.4 Brachytherapy (HDR) 

7 fractions 5.9% vs. 5.1% 82% vs. 80%

B-39 (NSBAP)1,2  
n = 4216

Grade 3 = NR 
pN0 = 65.0% 122

3D-Radiotherapy, 
Brachytherapy (HDR) 
Mammosite Balloon 

10 fractions or 5-10 days
4.6% vs. 3.9% 90.6% vs. 91.3%

TARGIT-A1,2,3  
n = 2298

Grade 3 = 20.1%  
N0 = 83.9% 102 IORT (50kV) 

1 fraction 2.11% vs. 0.95% 92.0% vs. 90.0%

GEC-ESTRO1,2  
n = 1184

Grade 3 = 8.4% 
N0 = 99.2% 79.2 Brachytherapy (HDR) 

~8 fractions 1.4% vs. 0.9% 97.3% vs. 95.5%

IMPORT-LOW1,2  
n = 1343

Grade 3 = 9.5% 
N0 = 97.0% 72.2 IMRT 

15 fractions 0.5% vs. 1.1% 94% vs. 94%

ELIOT1,2  
n = 1305

Grade 3 = 21.7%  
N0 = 73.4% 69.6 IOERT 

1 fraction 4.4% vs. 0.4% 98.8% vs. 96.9%

TARGIT A and other APBI trials

First per-protocol analysis of the 
TARGIT E(lderly) Trial 
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TARGIT E: Purpose/Objective

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

Risk-adapted approach

First per protocol analysis of local 
recurrence rate and overall survival

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

Risk
factors?

IORT

No

No
additional 

RT

Yes

Add WBI

Risk factors:
 larger size
 other histology
 free margin < 1 cm
 lymphatic vessel invasion
 positive nodes
 multifocal/-central lesions
 extensive intraductal 

component
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TARGIT E: Inclusion/Exclusion criteria

Inclusion criteria
 ≥70 years
 cT1/2 (< 3.5 cm)
 cN0
 cM0
 invasive carcinoma 

(ductal)
 Informed consent

Exclusion criteria
 Extensive intraductal

component

Sperk et al 2019 ASTRO (Chicago) – TARGIT E first per protocol analysis
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TARGIT E: Materials/Methods

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

IORT with low-energy x-rays (INTRABEAM®) with 20Gy 
+/- whole breast irradiation with a standard dose of 46-50Gy

Primary outcome: local recurrence rate measured at 2.5,5 and 7.5 years using 
the Kaplan-Meier method. Termination due to futility was deemed necessary in 
case local relapse rates exceeded 3/4/6% at 2.5/5/7.5 years.

Secondary outcome: overall survival

Sperk et al 2019 ASTRO (Chicago) – TARGIT E first per protocol analysis
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TARGIT E: Results
Applied radiation:
73% IORT only
21% IORT + WBI
5%   WBI only
1%   surgery only/no radiation

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% 

Screened patients
n=541, cases n=542

Screening failure
n=15 

Drop out (FU<42d)
n=38

Withdrawal (FU<42d)
n=13

IORT as second procedure
n=1

Current analysis
n=474 patients, n=475 cases

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

26

Priv.-Doz. Dr. med. Elena Sperk
At risk 472 427 378 273 167 61 10 0
% 100 99.8 99.8 99.4 98.5 98.5 98.5 -

TARGIT E: Primary outcome
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N=4 
after 11, 33, 42 and 43 months 
(all pat. received IORT only)
0.2% and 1.5% with local relapse at 2.5 and 5 years 

Sperk et al 2019 ASTRO (Chicago) –
TARGIT E first per protocol analysis
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TARGIT E: Patient characteristics with local recurrence

Patient Age at 
enrollment

Side of
primary

Clear
margins

Adjuvant
Chemother. 
(all Her2neu 

negative)

Adjuvant
Endocrine

therapy
Tumour

size
Multifocal/

-centric
Intra-
ductal

Lymph
vessel

invasion
Grade EIC Positive 

nodes

1 84 Left Yes Unknown No
(negative) 14 No Yes No 3 No No

2 75 Left Yes No Yes 8 No Yes No 2 Unknown Yes

3 71 Right No No Yes 24 Unknown Yes No 2 Unknown Unknown

4 70 Left Yes No No
(negative) 7 No Yes No 3 No No

All patients with IORT as APBI with 20 Gy
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TARGIT E: Secondary outcome

Overall survival

N=20

3 breast-cancer-related deaths

17 non-breast-cancer-related deaths

At risk 475 433 384 279 175 61 11 0
% 100 99.8 98.8 96.9 95.5 91.4 91.4 -

98.8% and 91.4% 
at 2.5 and 5 years

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

Sperk et al 2019 ASTRO (Chicago) – TARGIT E first per protocol analysis
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3 71 Right No No Yes 24 Unknown Yes No 2 Unknown Unknown

4 70 Left Yes No 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
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TARGIT E: Secondary outcome

Overall survival

N=20

3 breast-cancer-related deaths

17 non-breast-cancer-related deaths

At risk 475 433 384 279 175 61 11 0
% 100 99.8 98.8 96.9 95.5 91.4 91.4 -

98.8% and 91.4% 
at 2.5 and 5 years

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

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

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

Risk-adapted approach

First per-protocol analysis after 
100 included patients

Sperk et al 2020 ASTRO (online) – TARGIT C(onsolidation) - First per Protocol Analysis of 
The Prospective Phase IV Study of Intraoperative Radiotherapy (IORT) in Patients with 

Small Breast Cancer 32
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TARGIT C: Inclusion/Exclusion criteria

Inclusion criteria
 ≥50 years
 cT1 (< / = 2 cm)
 cN0
 cM0
 invasive carcinoma 

(ductal)
 Positive hormone 

receptors
 Informed consent

Exclusion criteria
 Multifocal lesions
 Extensive intraductal

component

Sperk et al 2020 ASTRO (online) – TARGIT C(onsolidation) - First per Protocol Analysis of 
The Prospective Phase IV Study of Intraoperative Radiotherapy (IORT) in Patients with 

Small Breast Cancer
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TARGIT C – Current state

Number of centers: n=5 
(Germany: Mannheim & Kassel, France: Montpellier, Lyon & Toulouse)
Enrollment: 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

Secondary outcome: overall survival, other oncological outcome, toxicity

Sperk et al 2020 ASTRO (online) – TARGIT C(onsolidation) - First per Protocol Analysis of 
The Prospective Phase IV Study of Intraoperative Radiotherapy (IORT) in Patients with 

Small Breast Cancer 34
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TARGIT C: Results

Median follow-up: 
12 months (range 0 – 60 months)

Sperk et al 2020 ASTRO (online) – TARGIT C(onsolidation) - First per Protocol Analysis of 
The Prospective Phase IV Study of Intraoperative Radiotherapy (IORT) in Patients with 

Small Breast Cancer

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

n=1 synchronous contralateral and 
local recurrence (3 months after IORT)

no ipsilateral in-breast recurrences
no metastasis
no deaths 
no grade IV/V toxicities

Both patients with local 
recurrence refused  
recommended WBRT 
and therefore were not 
treated according to the 
protocol.

35
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TARGIT C: Conclusion/Summary Summary
• 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

TARGIT-IORT means
• having only as much RT as needed based on final histopathology and
• being longer alive

….. and Conclusion
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Thank you very much! Any questions?
 Please contact me 

Email: Elena.sperk@medma.uni-heidelberg.de

Twitter: @ElenaSperk Researchgate: 
https://www.researchgate.net/profile/Elena_Sperk

Linkedin: https://www.linkedin.com/in/elena-sperk-
0965a0180/

Meetings and conventions....
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Starting Program & Gaining 
Momentum

• Approach 1st level Stakeholders
• Chairs, cancer center leadership, patient 

advisory board/advocates 
• Encourage Buy-In Clinical Team
• Patient focus, clinical outcomes, financials
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Gaining Momentum - Center
• Develop center policy 

• Patient selection criteria & provider 
credentialing requirements

• Radiation Safety Officer 
• Prior Authorization, Billing/Coding, 

Reimbursement Leadership 
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Gaining Momentum – Provider Team

• Everyone learned every role
• Assign who will own each role 

• Physicist – Move machine, QA, sources
• R/O – Prescription, timeout, paperwork
• Surgeon – Probes, ultrasound
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Gaining Momentum - OR
• Anesthesia team education!

• Special shielding? 
• Storage? 
• SPD handling equipment? 
• Training approach? 

11

Preoperative Consultation 
• Surgical oncologists screen (policy is key!)

• Consent: Preparation of cavity for IORT
• Radiation oncology officially offer via consult
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Changes in Peripheral Immune Cells After Intraoperative 
Radiation Therapy in Low-Risk Breast Cancer

Ferran Guedea, MD
Chair
Department of Radiation Oncology
Institut Català d’Oncologia
Barcelona University
Barcelona, Spain

Institut Català d’Oncologia

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). 

University of Barcelona (UB). Barcelona. Spain

ISIORT, Columbus, Ohio, USA,  10-2022

Institut Català d’Oncologia

Policy at Catalan Institute of Oncology (ICO): 

Definition of High Doses with RT:

Immunology & IORT:

Conclusions:

Institut Català d’Oncologia

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

Stereotactic Ablative Body Radiotherapy (SABR 
or SBRT): Definition  

Institut Català d’Oncologia

The precise 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 

But with in IGBT with HDR:

– Lower integral dose. 

– Longer clinical experience than SBRT.

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

Institut Català d’Oncologia

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

– 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

Intraoperative Radiotherapy (IORT): Definition  

Institut Català d’Oncologia

Stereotactic Ablative Body Radiotherapy
(SABR or SBRT)

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

≈

≈
Intraoperative Radiation Therapy 

(IORT)
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Institut Català d’Oncologia

Policy at Catalan Institute of Oncology (ICO): 

Definition of High Doses with RT:

Immunology & IORT:

Conclusions:

Institut Català d’Oncologia

ICO-Hospitalet. 
Barcelona. 1995

ICO-Badalona
2003

ICO-Girona
2002

 3 general hospitals 
 16 community hospitals
 Nearly 2.5 million people

40% of the adult population 
of  Catalonia

Catalan  Institute of 
Oncology (ICO)

Autonomous 
Community

7.2 million inhabitants

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. 

Institut Català d’Oncologia

Healthcare Activity  at ICO

RT Health Care 
Activity 2021

External Beam RT treatments 
(11 Linacs) 6010

Brachytherapy treatments 
(1 HDR, 3 PDR, 1 OR, 14 beds) 1100

Radiosurgery treatments 149

IORT con Intrabeam (1 Unit) 60

Hospitalet Girona Badalona

2950  
(6 Linacs)

1450
(3 Linacs)

1610
(3 Linacs)

1100

149

60

Institut Català d’Oncologia

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 

For cases candidates to PBI our Policy at ICO is: 

Institut Català d’Oncologia

Policy at Catalan Institute of Oncology (ICO): 

Definition of High Doses with RT:

Immunology & IORT:

Conclusions:

Institut Català d’Oncologia

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

I. Linares, MA. Berenguer, E. Martinez, M. Laplana, F. Guedea
Research Grant From ZEISS

Our ongoing Lab Project on IORT: 
Study of systemic Immune response 

with Extreme Hypofractionated RT with Intrabeam

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

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

Institut Català d’Oncologia Institut Català d’Oncologia

Methodology
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-β, IFN-α, EGFR

Our ongoing Lab Project on IORT: 
Study of systemic Immune response 

with Extreme Hypofractionated RT with Intrabeam

Institut Català d’Oncologia

Number of patients included 9-2022: 75

Group A: Surgery + IORT: 25 patients

Group B: Surgery + IORT + HypoRTE: 25 patients

Group C: Surgery + Hypo EBRT: 25 patients

Our ongoing Lab Project on IORT: 
Study of systemic Immune response 

with Extreme Hypofractionated RT with Intrabeam

Institut Català d’Oncologia

Our ongoing Lab Project on IORT: 
Study of systemic Immune response 

with Extreme Hypofractionated RT with Intrabeam.
Results:

Variable Group_A Group_B Group_C
Total lymphocytes 0,2035 0,0013 0,2565
Lymphocytes B CD19+ 0,0567 0,0001 0
Lymphocytes  T CD3+ 0,0567 0,0394 0,1431
Helper T cells CD3+CD4+ 0,6033 0,0971 0,0074
Cytotoxic T cells CD3+CD8+ 0,8653 0,0703 0,0128
Lymphocytes T Cells Ratio CD4/CD8 0,6149 0,1257 0,0959
NK CD56dim CD16+ 0,3916 0,0168 0,2786
NK CD56high CD16+ 0,0092 0,0004 0
NK cells (CD56dim CD16-) 0,5062 0,2068 0,8606
NK cells (CD56high CD16-) 0,5319 0,0784 0,0834
NK cells (CD56- CD16+) 0,015 0 0,0049
Treg (CD4+CD25+FoxP3) 0,5222 0 0,4361
Treg CD4+ CD45Ra- CD25+ Foxp3+ 0,3266 0,0014 0,2764
Treg (CD4+ CD45Ra+ CD25+ FoxP3+) 0,4153 0,0022 0,6123
Treg (CD4+ CD25+ FoxP3+ Helios+) 0,5828 0,3588 0,1836
MSDC 0,0589 0,001 0,0001
Granulocytes 0,1447 0,0124 0,1163
Monocytes 0,3165 0,0386 0,0001
Monocytes CD14+ 0,3916 0,0943 0,0001
Monocytes Classical 0,4813 0,6365 0,1691
Monocytes Intermediate 0,6149 0,6626 0,6728
Monocytes Non-Classical 0,0056 0,5133 0,1202

Institut Català 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, 

Institut Català 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-) 
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 Oncological Results:  

 Locoregional control
 37 IBRT (16 in the same quadrant)

 IBRT@5y: 2,7% (@median f-up 3,5%)
 5 lymph 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%)
 Overall survival @ 5y: 95,9% (@median f-up 94,4%)
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 Jules Bordet experience
 Oncological Results:  

 Locoregional control
 37 IBRT (16 in the same quadrant)

 IBRT@5y: 2,7% (@median f-up 3,5%)
 5 lymph 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%)
 Overall survival @ 5y: 95,9% (@median f-up 94,4%)
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Age (y) @ 5y @med. FU
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50-59 97,7 % 96,1 %

60-69 98,2 % 97,7 %

>= 70 96,9 % 96,9 %
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Molecular subtypes @ 5y @ med. FU

Luminal A-like 97,7 % 97,7 %

Luminal B-like 97,9 % 96,1 %

TNBC 92,2 % 92,2 %

Non-Luminal Her2+ 95,0 % 95,0 %
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Molecular 
subtypes

@ 5y @ med. FU

Luminal A-like 98,7 % 98,3 %

Luminal B-like 98,9 % 97,9 %

TNBC 96,0 % 96,0 %

Non-Luminal
Her2+

97,5 % 97,5 %

Ipsilateral Breast Tumor Control vs Molecular Subtypes stratified by tumor size 

pT1a & pT1b (N=428) 

Molecular 
subtypes

@ 5y @ med. FU

Luminal A-like 96,9 % 96,1 %

Luminal B-like 97,4 % 95,1 %

TNBC 90,9 % 90,9 %

Non-Luminal
Her2+

94,4 % 94,4 %

pT1c & pT2 (N=568) 

Log-rank p=0.12
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 Conclusions

 Low rate of breast cancer local recurrence after IOERT
 Insignificant irradiation of organs at risk
 No negative impact on breast-cancer mortality
 Appropriate applicator size according to tumour size (IOERT 

PTV adapted to the pT)
 Importance of preoperative work-up
 Importance of surgical procedure
 Acute and late toxicity rates very low
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