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Information

Thank you for joining us for our Sixth Annual Patient Positioning Symposium! We hope you find this symposium enjoyable as
well as educationall Here is some general information that you might find useful during your stay:

Hotel Information:
Disney’s Yacht Club Resort
1700 Epcot Resorts Boulevard
Lake Buena Vista, Florida 32830-8407
Hotel: (407) 934-7000

*You can find a detailed agenda and schedule on page 6-7.

Summary:
The Patient Positioning Symposium is designed for Radiation Therapy professionals who are interested in learning about the
latest practices and future direction of Radiotherapy. CAMPEP, ASRT, and MDCB credits will be awarded after completion of
the symposium.

« Present an overview of the current immobilization techniques and technology

« Discuss challenges and issues with current immobilization setup techniques

« Acquire practical knowledge of the basic tools for evolving radiotherapy treatment options

Continuing Education Credits:

Continuing Medical Education Credits
Medical Physicists - Up to 16.5 MPCEC Hours: An application has been submitted to the Commission on Accreditation of
Medical Physics Education Program

Radiation Therapists - Up to 15 Credits: An application has been submitted to the American Society for Radiological
Technologists for designing of Category A continuing education credits.

Medical Dosimetrists - Up to 10 Credits: An application has been submitted to the Medical Dosimetrists Certification Board
for designation of MDCB credit.
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Symposium Agenda

Thursday, March 27, 2014

11:00am - 12:30pm Registration (Asbury Lobby)

1:00pm-2:30pm DIBH Workshop (Asbury A)
1:00pm - 1:45pm - Group A
1:45pm - 2:.30pm - Group B

Wensha Yang, PhD & Jose Martinez, RTT- Facilitator

2:30pm-4:00pm Head & Neck Workshop (Asbury A)

2:30pm - 3:15pm - Group A
3:15pm - 4:00pm - Group B

David Wiant, PhD & David Sterle - Facilitator

4:00pm-5:30pm  Proton Workshop (Asbury A)
4:00pm - 4:45pm - Group A
4:45pm - 5:30pm - Group B

SBRT Workshop (Asbury D)

1:.00pm - 1:45pm - Group B

1:45pm - 2:30pm - Group A

Indrin Chetty, PhD & John Lohmiller- Facilitator

Supine Breast Workshop (Asbury D)

2:30pm - 3:15pm - Group B

3:15pm - 4:00pm - Group A

Jennifer Chavez, RT(R)(T) & Nathan Pell- Facilitator

Prone Breast Workshop (Asbury D)
4:00pm - 4:45pm - Group B
4:45pm - 5:30pm - Group A

Andrew Wroe, PhD, D.A.B.R. & Rene Velasquez Keith Crowe, Treatment Aide Lead & Tom Miklasz-
- Facilitator Facilitator

5:30pm - 6:30pm  Welcome Reception (Asbury Lobby)
Friday, March 28, 2014

8:00 am Breakfast (Asbury Lobby)
8:45am-9:00am Welcome and Introduction
9:00am-10:00am A comprehensive review of technical aspects related to SBRT treatment of thoracic and upper
Gl tumors
-Indrin Chetty, PhD - Henry Ford Hospital
10:00am-10:45am Immobilization Considerations for Prone Breast Treatments
-Keith Crowe, Treatment Aide Lead
-Sutter Cancer Center, Radiation Oncology Services - Sacramento
10:45am-11:15am  Break
11:15am-12:00pm Prone Breast Treatment Update
-Julia White, MD - Ohio State University
12:00pm-1:00pm A New Era of Intra-cranial and Head and Neck Treatment
-David Wiant, PhD - Moses Cone Health System
1:00pm-2:00pm Lunch (Yacht Club Marina)
2:00pm-3:00pm Immobilization Techniques in Proton Therapy
-Andrew Wroe, PhD, D.A.B.R. - Loma Linda University Medical Center
3:00pm-4:00pm Patient Positioning Using an In-Room MR Imaging System
-Rojano Kashani, PhD - Washington University School of Medicine
4:00pm-4:30pm Break (Asbury Lobby)
4:30pm-5:30pm The Clinical Use of a Spirometer based Respiratory Motion Management System for
Deep Inhalation Breath-hold Radiation therapy of Left-sided Breast Cancer Treatment
-Wensha Yang, PhD - Cedars-Sinai Medical Center
5:30pm Epcot Center
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Saturday, March 29, 2014

9:00 am
9:45am-10:30am

10:30am-11:15am

11:15am-12:00pm

12:00pm-1:00pm

1:00pm-1:45pm

1:45 pm-2:45pm

2:45pm-3:15pm
3:15pm-4:00pm

4:00pm-4:45pm

Breakfast (Asbury Lobby)
Unconventional Immobilization Devices and Setups
-Theisha Haddock, BS, RT(R)(T) - Duke University Hospital
In Search for the Ideal Proton Therapy Immobilizer - Evaluation Study of Intracranial Immobilizer
-Omar Zeidan, PhD, D.A.B.R. - UF Health Cancer Center at Orlando Health
Therapist Perspective on Treatment Delivery (Past/Present/Future)
-Maryse Biron, M.Ed., RTT & Tricia Lamore, RTT - Fletcher Allen Health Care
Lunch (GH Salons | & Il)
Eradication of Ambiguity in Radiation Therapy - Start in Simulation Procedures
-Thomas Jozwiak, RT(R)(T) & Rediet Gebremichael, BSRT(R)(T)(CT
- University of Texas MD Anderson Cancer Center
Brachytherapy Workflow in Radiation Oncology
-Doug Martin, MD - Ohio State University
Break (Asbury Lobby)
“It’s More Than Just Doing More With Less”
-Jordan Johnson, MSHA, BSRT(R)(T) - Thompson Cancer Survival Center
Orchestrating Better SBRT Positioning
-Keith Crowe, Treatment Aide Lead

-Sutter Cancer Center, Radiation Oncology Services - Sacramento




Faculty

Indrin Chetty, PhD

| am the head of the Radiation Physics Division in the Department of Radiation Oncology and | am responsible for:
overseeing routine clinical operations, mentoring junior faculty members, facilitating new clinical and research
projects, assisting with writing peer-reviewed publications, assisting with grant writing applications, and routine
administrative tasks associated with leading a large group of 40 faculty, 31 physicists and 9 dosimetrists.

My main area of research involves accurate estimation of dose to the tumor and surrounding healthy lung

tissue during radiation treatment for patients with lung cancer. More specifically the methodology involves the
development and application of an accurate algorithm (the Monte Carlo technique) for computation of dose in

the patient tissues, by simulating radiation interactions within the patient. My experience in medical physics has
spanned approximately 20 years, and much of my research experience over this time has been associated with
the treatment of lung cancer patients. | was the Pl of a RO1 grant from the NIH investigating better correlation of
outcomes with MC dose calculation for lung cancer patients.

| received my BS degree, with high distinction (equivalent of Summa Cum Laude), in Physics and Mathematics at
the University of Michigan prior to attending the University of California, Los Angeles, where | earned both an MS
and PhD in Medical Physics. After working as a Medical Physicist in California while pursuing my PhD degree, |
returned to the University of Michigan (upon completion of my PhD) where | began to apply the clinical aspects of
medical physics with research in improving accurate planning and targeting of radiation therapy and assessment
of response. My research interests also include the use of image-guided radiation therapy (IGRT), which involves
imaging of the patient’s tumor site and surrounding normal tissues at the time of treatment, with the goal of
improving targeting accuracy.

| am also actively involved in service related to our national organizations, the American Society of Therapeutic
Radiation Oncology (ASTRO) and the American Association of Physicists in Medicine (AAPM). This year | am chair of
the ASTRO Radiation Physics committee. In 20111 served as the Scientific Program Chair for the annual meeting of
the AAPM. | am actively engaged in education in Radiation Oncology at the national level. | served for 6 years as
the physics program chair for the ASTRO Spring Refresher Course, which is a national course focusing on clinical,
physics and biology education for residents training in the field of Radiation Oncology. | am also currently serving
as the Physics Chair for the ASTRO State-of-the-Art meeting, which focuses on the use of the latest technologies in
IMRT, IGRT, SBRT and particle therapies in the routine clinical setting.

Keith Crowe, Treatment Aide Lead

Mr. Crowe is a Treatment Aide Lead at Sutter Cancer Center Radiation Oncology Services — Sacramento California.
Responsible for Treatment Aide Department for 25 years, lead development of SRS/SBRT programs, IMRT Head
and Neck, Prone Breast. Mr. Crowe has worked with multiple vendors to create many innovative, cutting edge
immobilization devices. Mr. Crowe is responsible for patient positioning, is an enthusiastic caregiver and has
extensive Clinical training in sterilization techniques.

Julia White, MD

Dr. White is considered the international authority in breast cancer as it pertains to radiation oncology. Her

clinical research has helped define the field of breast radiation oncology. Dr. White earned her bachelor’s degree
in biology at Rosemont College in Rosemont, Penn., and her medical degree from Michigan State University’s
College of Human Medicine. Dr. White is the new director of breast radiation oncology at The Ohio State University
Comprehensive Cancer Center — Arthur G. James Cancer Hospital and Richard J. Solove Research Institute
(OSUCCC—James). Prior to joining Ohio State, Dr. White was a professor in the department of radiation oncology at
the Medical College of Wisconsin in Milwaukee. She also served as department chair and medical director for the
department of radiation oncology at Community Memorial Hospital in Menomonee Falls, Wisconsin. Dr. White holds
memberships in almost a dozen professional and honorary societies, including American College of Radiology,
American Society of Clinical Oncology and American Society of Therapeutic Radiology and Oncology, while also
serving on several editorial boards including Journal of Clinical Oncology and International Journal of Radiation
Oncology Biology Physics.
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David Wiant, PhD

Dr. Wiant Dr. earned his bachelor’s degree in physics from the Department of Physics Kenyon College, Gambier
Ohio, and received his PHD from the Department of Physics Kent State University, Kent, OH. Dr. Wiant is currently a
Senior Physicist, in the Department of Radiation Oncology Cone Health System, Greensboro, NC. Dr. Wiant received
the prestige’s Otto Lehmann Award in Karlsruhe Germany, one of only two major international dissertation awards
in the field of liquid crystal technology; the annual honor recognizes young scientists for outstanding thesis or
dissertation work. This is the first time the award has gone to a doctoral candidate in the United States. Dr. Wiant
holds Professional Certifications in American Board of Radiology—Therapeutic Medical Physics and the Authorized
Medical Physicist, North Carolina.

Andrew Wroe, PhD, D.A.B.R.

As a Medical Physicist and Translational Researcher | seek to bring together physics, medicine, engineering,
computer science and biology in developing advancements in radiation medicine. Specifically | am interested

in developments in proton therapy including patient immobilization, patient alignment, Monte Carlo simulations,
beam delivery, dosimetry and imaging. | obtained my undergraduate and graduate training in medical physics
from the University of Wollongong in Australia. This training had a large laboratory and clinical component, which
focused on multidisciplinary solutions to overcoming challenges in medical physics. During the course of my PhD
studies | spent a total of 18 months in the US completing research at a number of institutions including the US
Naval Academy, Brookhaven National Laboratory, Loma Linda University Medical Center, Massachusetts General
Hospital and the Harvard School of Medicine. This research was sponsored in part by a Fulbright Scholarship,
which | was fortunate enough to be awarded with in 2005.

Since 2007 | have been employed as a Medical Physicist and Associate Director of Translational Research within
the Department of Radiation Medicine at the James M. Slater MD Proton Treatment and Research Center. This
posting is excellent as it allows me to use a multi-disciplinary approach to progressing proton therapy and in turn
pass my knowledge onto students. Additionally | am an Assistant Professor at the Loma Linda University School of
Medicine, and Honorary Fellow at the Centre for Medical Radiation Physics at the University of Wollongong.

Rojano Kashani, PhD

Dr. Kashani earned her bachelors’ degree in Electrical Engineering from the University of Michigan, Ann Arbor,

MI, and received her Masters and PhD degrees in Nuclear Engineering and Radiological Sciences. Dr. Kashani
completed her Medical Physics Residency in Radiation Oncology at the Washington University School of Medicine;
St. Louis, MO. Dr. Kashani is currently an Instructor in Radiation Oncology in the Washington University School of
Medicine, St. Louis, MO, while also serving as the Chief of Stereotactic Body Radiation Therapy Service. Dr Kashani
is board certified by the Therapeutic Medical Physics (American Board of Radiology), and some of the arrears of
clinical interest include Stereotactic Body Radiotherapy, Deformable Image Registration and Adaptive Therapy.

Wensha Yang, PhD

Dr. Yang earned her bachelor’'s degree in (Chemistry and Materials) from the University of Science and Technology
of China, and received her Ph.D. in (Material Chemistry, Minor in Analytical Chemistry) from the University

of Wisconsin-Madison. Dr. Yang is currently a Medical Physicist, in the Department of Radiation Oncology at
Cedars-Sinai Medical Center, Los Angeles, California. Prior to joining Cedars-Sinai Medical Center, Dr. Yang was
an Assistant Professor in the Department of Radiation Oncology at the University of Virginia. Dr. Yang holds
memberships in several professional and honorary societies, including ASTRO, AAPM, Sigma Xi, Materials
Research Society and American Chemical Society, while also serving on the Head and Stereotactic Body,
Radiotherapy SBRT Committee at the Department of Radiation Oncology, Cedars-Sinai.




Tneisha Haddock, BS, RT(R)(T)

Tneisha M. Haddock is a radiation therapist Level Il at Duke University Hospital in Durham, NC. She graduated
from East Carolina University with a Bachelor of Science degree in Exercise and Sport Science with a concentration
in Exercise Physiology in 2002. At Pitt Community College, she studied Radiography and graduated with an
Associates of Arts degree in 2007 and in 2008 graduated with a diploma in Radiation Therapy. She has been

an employee at Duke since August 2008. She is a lead CT Simulation therapist, member of the Falls and Safety
Committees, and a departmental preceptor for prospective radiation therapy students.

Omar Zeidan, PhD, D.AB.R.

Omar Zeidan received his doctorate in nuclear physics from the University of Tennessee in 2002. He then joined
the Department Of Radiation Oncology, University of FL, as a research associate followed by a residency in
radiotherapy physics at the Johns Hopkins Oncology Center in Baltimore. Between 2005 and 2010 he was a staff
physicist at M.D. Anderson Cancer Center Orlando. Between 2010 and 2013 he was the Director of Medical Physics
and Corporate Radiation Safety Officer for the proton therapy center in Oklahoma City. He recently joined back
M.D. Anderson Cancer Center Orlando as Chief of Proton Therapy Physics. His main clinical and research interests
include Proton Therapy, Intensity and image-guided radiotherapy (IGRT).

Maryse Biron, M.Ed., RTT

Maryse Biron is a Radiation Therapist at Fletcher Allen Health Care and the Clinical Coordinator for the University
Of Vermont in Burlington, Vermont. She received her undergraduate degree from the University of Vermont and
her Master’s in Education from St. Michael College. Maryse has over 28 years experience in the field radiation
oncology. Maryse works in radiation oncology as a senior therapist at Fletcher Allen Health Care. Maryse is also
responsible for the radiation therapy student’s clinical education and internships. Maryse is currently working with
the University of Vermont to establish the use of a Clinical Simulation Lab using a “Vertual” Linac to enhance the
clinical education of the radiation therapy students.

Tricia Lamore, RTT

Tricia Lamore is a Radiation Therapist at Fletcher Allen Health Care in Burlington, Vermont. She received her

AS degree from the University of Vermont. She has over 20 years of experience in radiation therapy. One of

her specialties is CT simulation. She has been a key part of implementing new technologies in her department
including new treatment devices and new immobilization. She was on the team that helped bring on SABR and
Frameless SRS. She plays a very active role in teaching the students and has been named clinical instructor of the
year several times. She loves being a team player and is always up for a new challenge!




Thomas Jozwiak, RT(R)(T)

Mr. Jozwiak is a Radiation staff Therapist at UT MD Anderson Radiation Oncology Department. Mr. Jozwiak
graduated from UT MD ANDERSON CANCER CENTER SCHOOL OF HEALTH & SCIENCES with a BS Radiation
Therapy, and is currently attending ASHFORD UNIVERSITY for his Masters in MHA. During his tenure at UT MD
Anderson, he has become very experienced with BAT, CT on rails, 4D console, Primus, Aqusim, PET CT, OBI, Gated
breathing treatments. Mr. Jozwiak is a member of the American Registry of Radiologic Technologists and the
American Society of Radiologic Technologists.

Rediet Gebremichael, BSRT(R)(T)(CT)

Mr. Gebremichael is a Radiation staff Therapist at UT MD Anderson Radiation Oncology Department with eight
years of practical clinical experience. Mr. Gebremichael graduated from University of Texas Houston, Texas with
a BS Radiation Therapy, and is currently assisting physicians on elaborate and technical procedures such as
simulation, ISO center placement for proton treatments and photon treatments. Mr. Gebremichael is a member of
the American Registry of Radiologic Technologists and the American Society of Radiologic Technologists.

Doug Martin, MD

Douglas Martin, MD is the Clinical Director, Department of Radiation Oncology at the Arthur G. James Cancer
Hospital and Richard J. Solove Research Institute and Associate Professor, The Ohio State University College of
Medicine coming to Columbus, OH in 2006. He completed residency training at the University of lowa in 1995.
After residency he served in the U.S. Navy on active duty until 2002. He then joined the Lexington Clinic in
Lexington, KY and served as Radiation Oncology Department Head from 2003-2006. At Ohio State, he leads the
department’s brachytherapy program with a focus on genitourinary and gynecologic malignancies. He is also on
the transition task force involved in the design and planning for the “New James Cancer and Critical Care Tower”, a
11 billion dollar, 1 million square feet facility set to open for patient care in December 2014. The radiation oncology
department takes up the entire second floor and has a fully operational brachytherapy suite with direct access

to MR imaging during procedures. He will review current and future workflow for radiation therapy brachytherapy
procedures performed at his institution.

Jordan Johnson, MSHA, BSRT(R)(T)

Jordan Johnson is the Director of Cancer Center for CMC Regional Hospital as a joint venture with Thompson
Cancer Survival Center. He graduated Magna Cum Laude in 2007 with a Baccalaureate in Radiologic Technology
from the University of Louisiana and in 2008, received a second Baccalaureate in Radiation Therapy from the
University of Texas MD Anderson. Jordan recently completed his Master’s degree in Healthcare Administration
from the University of St. Francis.

Jordan worked as a radiation therapist at Duke University Hospital for 4 years, in addition to having previously
worked in diagnostic imaging, CT, and MRI. He serves as a site visitor for the JRCERT, is an ASRT grassroots
member, in 2010 represented North Carolina at RT in DC, is the Vice Chairman, and the Region 6 team leader for
the ASRT’s CRTA Committee.

Jordan enjoys helping patient’s through their journey with cancer, mentoring students and advancing our
profession.
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Indrin Chetty, PhD

A comprehensive review of technical aspects related to SBRT
treatment of thoracic and upper Gl tumors




Indrin Chetty, PhD

Comprehensive review of technical
aspects related to SBRT treatment of
thoracic and upper Gl tumors

Indrin J. Chetty, PhD
Henry Ford Health System
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4. VMAT planning and delivery considerations

5. Summary

Conventional RT vs SBRT

Characteristic
Dase [ Fraction
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Target definition
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Primary imaging modality

Conventional RT vs SBRT

Characteristic Conventional RT
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A comprehensive review of technical aspects related to SBRT treatment of thoracic and upper Gl tumors

SBRT Utilization: A Survey of Stereotactic Body Radiation
Therapy Use in the United States
Pan H, etal. Cancer, 2011 Oct 1;117(19):4566-72.
1600 radiation oncologists randomly selectad

Patient Selection and Treatment Sites: A Survey of Sterectactic
Body Radiation Therapy Use in the United States
Fan H, et al. Cancer. 2011 Oct 1;117(19):4566-72.
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Indrin Chetty, PhD

Tools for contouring of 4D CT datasets

4D-CT or Respiratory Correlated CT (RCCT)
re tumor/organ position as function of time/
projection
= CT Data binned according to ime stamp of external
breathing signal (respiratory trace)

Detected end inhalation points
f Erd Inhalation

Largerwaard and Senan, Front Bed Ther Oncol: 40: 239-252, 2007

Courtesy: C. G

How many CT phases are needed to create an
accurate ITV?

Coronal view

10 phases

Mote: difference in volume of liver projected - lower density adjacent
Hssues that move with res tion provide the minimum HU voxels

Coirtesy: B, Havanagh, U of Colsrads

SBRT treatment planning
requirements
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Typical SBRT treatment plan beam arrangements

7 field Liver

Lung SBRT planning: General Guidelines

1. Appropriate planning margins to account for
motion, follow nationally accepted guidelines
e.g. RTOG

2. Sharp dose falloff:

+*Number of beams - use as many beams as
possib sreater number of beams results in
better target dose conformity and dose fall-off
away from the target. Typically use 7 or more
beams

SBRT planning: General Guidelines SBRT Planning: Rapid Dose Falloff

Sharp dose falloff: Liver SBRT 7 field Spine SRS: HFHS
LIVER: Rx &0 Gy -

Uss “sensibla” beam angle selection
Use beams mostly entering on :u'.|l'ilr1lII % right side for right-sided tumors
-fwold beam angles through critical structres or through low dentity Hasees
- Short beam paths

Courtery: Janalles Do, Univ Mickigan

Typical SBERT treatment plan beam arrangements Large number

T field Lung Non-coplanar
Use non-overlapping and .

non-coplanar beams to help
increase dose falloff

Exrodn in SRS | SEHT

Choose beams with “best”
geometry for the particular
site, i.e. avoid beams th
long path lengths in lung

tissue

Counaty: Timathy Salbarg. UT Southwaitarn Medical Cantar




Indrin Chetty, PhD

The block (BEV) margin for SBRT plans
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Lung SBRT dose calculations
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SBRT Treatment [ Technologies for managing motion
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A comprehensive review of technical aspects related to SBRT treatment of thoracic and upper Gl tumors

reduces required target margins and normal tissue dos

Diarwidl Jalfrare: LS Patent, Fig- 17 fa) Jan” 2005

Localization: Baseline shift

Mean target position vector was greater than 2 mm
and 5 mm_in 41 of fractions, respectively
[n=126, from Shah et al. (Beaumont) Red Journal, 2011]

MTP |baseline) shift was ificantly different based
on treatment time and type of immobilization device -
stereotactic body frame was most accurate

Baseline shift necessitates daily volumetric imaging
{CBCT)

Soft-tissue (CBCT) vs Bony Alignment for lung SBRT

Localization: systematic shift in the ITV: baseline shift
(from Larry Kestin, MHP, 21* century unwlngl.':l

CBCT: Early Stage NSCLC (SBRT)

nargins significantly relative to

SBF + CBCT IGRT/postcorrection
SBF alone/precorrection margin margin (residual only')

Lat. {rmm)

9, 16
Lona- el 126 24
vertimml g7 19

Investigation of localization errors wsing CBCT for SABR-based
treatment of lung cancer and i|'|1|1u'I o planning margins
Exsa Mayyas' Ning Wen', Dvehi Lin'.Carrd CGlide Hurs' Sanath Kemar' Benjanin
Alsanan' Musther Ajlouni'and Isdris 1, Chetiy' {Subssitted v PMB]
78 SBRT lung patients (12 Gy x 4) imaged daily with CBLT on the
0Bl [Trilogy or TrueBeamn)

Couch shifts between CBCT (soft tissue) and skin-mark alignment

(T — 1T

11111
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Residual Errors: between CBCT and kV/kV or kv/
MV x-rays

]-I-ras.lc'."ua.i'(uun} -0'3 0.1
Y resianaiiun) 06 | 0.6
M, esigua(mm) @24 § 2.0

M ter (M) m m

Considerations: ITV-based w/ volumetric imaging

Volumetric information is available to correct for systematic
uncertainties; one is able to view normal tissues

Imaging information is “static” and not dynamic, i.e. one
cannot account for real-time motion

Treatment/imaging of the ITV may result in unwanted dose
to the normal tissues especially for high amplitude motion

Matching of the CBCT to a reference dataset may confound
the match — 4D CBCT may be helpful here

MNoise can be a real problem and confound proper
visualization especially where patient scatter is significant

Active Breathing Control
ABC found to reduce margins by half or mare for lung and liver
tumaors (Wong, Balter, Dawson 2001, ete.)

Intrafraction [short-term) reproducibility: 1-2 mm (Weong, Balter)

Interfraction (long-term) reproducibility for lung: ave. deviations
were 2-3 mm; max diffs were 3.8 mm in RL, 9.0 mm in 5I, and 6.8
mm in AP directions were observed for inhale scans (Kashani,
Balter et al)

Increases Tx time a factor of 3-5; patient tolerability issues

Respiratory
Correlated
AD-CBCT ws.

Wong et ol. The use of Active Balter et al. Daily targeting of
Breathing Control to reduce intrahepatic tumaors for
margin for breathing motion , radiotherapy , Red Journal: 52:
Red Journal: 44; 911 (12999) 266 (2002)

Alternatives to the ITV-based approach:

Respira ating using external surrogates
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Challen

ExacTrac [Brainlab): optical guidance, intrafxn imaging

b exscirac x-ray 6O systemn in
ided radbotheragy, Med
Dosim 33:124-34, 2008

Tumor Tr ng MLC (future techn

dynami

piratory Gating: facilitated by real-time imaging of

[Brain

implanted fiducials
The real-time tumaor
tracking [RTRT) system
[Shira al UROBP, 48,

tkaido Univ)

Eim
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Pan
Foluthon |

Fam ks
P —

“6D" motion compensation with the “gimbaled” source

kV planar or volumetric imaging

Gating using fluoroscopy enhanced to visualize soft tissue

Kamino et al Red J: 65

" "
1 .
[

Infernal Indisap (mm)
4

as 4 4 + B - - 4 4

§B 9% 100 10% W0Z 103 104

axternal artipost [mm)

Hitting the Target and Avoiding Organs at Risk

slide eourtesy of Dawid laftray

Considerations: Respiratory Gating and Tracking

Can reduce normal tissue exposure especially for tumors moving
with large amplitudes

Gating increases Tx time considerably (2-5 times) based on the %
duty cycle/gating window and patient compliance

Combination of real time imaging of implanted fiducials can
result in very high skin doses, up to 1200 mGy per hour
(reported in Nang 2005 with the RTRT system); Implanting
fiducials is invasive

With gating residual motion behaves unpredictably and could
exceed planning margins. Daily image guidance should be
performed [Ozhasoglu and Murphy, Red Journal 52, 1389-
1399, 2002)

ung ¥ AF wiew bnberaal Mducksl

RNt

Pl YW

time uecands)

2002

g 3 AP viee eateral fducisl

Hitting the Target and Avoiding Organs at Risk

sitesy of Dawd laftray
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Hitting the Target and Avoiding Organs at Risk Hitting the Target and Avoiding Organs at Risk

Fasent

High Dose Regicn

k - e Hear Inside = Heart Cugside  High
Heart Irsace High Dose Region DCiorse Region
High Cosa Region

Target and surrounding normal tissues don” t necessarily move together - "seeing
the normal tssees may be &5 important as sesing the ta r:ﬂ- {slide courtesy of

slide eowrtesy of Dawd laffray David Jatfray)

Volumetric Arc Therapy (VMAT) VMAT (RapidArc) Example Case
IMAT Intreduced by Yu in 1295 (C. Yu, PMB, 1995)

Re-emergence on linacs made possible by dynamic variation
of dose rate during arc delivery

Potential to reduce treatment time significantly [60-70%:):
may reduce patient discomfort and intrafraction motion

VMAT plan quality is similar to that of IMRT for both target
coverage as well as normal tissue doses, including skin doses

RapidArc (2 partial arcs) DVHs for normal lung and R peripheral PTV

V20 [RA) = 26.4%; MLD = 14.2 Gy il |
V20 [IMRT) = 27.5%; 14.7 Gy |
MU [Time) VMAT = 475 [0.8 min)
MU (Time) IMRT = 1563 2.6 min)

VS (RA) = BB%
V5 (IMRT) = 60%

IMRT

25
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Accuracy of single Is
VMAT is highly
The dosimetri
dista

Dosimetric impact
translation in each axis

[eourties aireen Chin (H

RML PTV

with translation

Overall Summary

Methods for mitigating motion must be applied thoughtfully
with careful consideration of the limitations

Margin design must incorporate systematic and random
errors, as well as other factors, such as the strength of the
surrogate used to image the tumor (recall the van Herk
fermalism for computing the planning margin)

5 deg. rotation setup error: arc length=R x 0

Summary: VMAT

Is dependent on:

* Direction of major tumor motion relative to that of
MLC motion

Amplitude of motion
Tends to average out over multiple arcs and fractions
Complexity of intensity modulation

Is similar to the interplay effect observed with IMRT

Overall Summary
SBRT planning for differant treatment sites, lung, liver,
pancreas, spine etc. must incorporate safe tumor doses and
nermal organ tolerance doses from studies in the literature,
and protocols

Lung tissue density impacts tumor dose deposition
significantly requiring accurate dose algorithms e.g.
convolution/superpesition or Monte Carlo; tumor location
and size are significant factors

VMAT offers an efficient solution to RT delivery, particularly in
the context of SBRT but should be used cautiously with
consideration of the impact of setup errors
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Keith Crowe, Treatment Aide Lead

Immobilization Considerations

For Prone Breast | reatments

Sutter Cancer Center Radiation Oncology Services
= Sauramenio

Keith Crowe — Treatment Aide Lead

Presented a talk on “IMET Head and Neck
Immobilizaton™ i Invemess, Seotland May
2005

Published arhicle ntled *“Well Posthoned™ and
created “Smart Chart” guestionnure for vendors
on immobiliaton devices in, ADVANCE for
Imagng and Oncology Administrators, Oclober
2007

Presented a talk ttled “*Couchtop Technology
Impacls and Challenges [or the Fulure™ af the
Patient Posioming Symposium held at Wall
Iisncy World, Florda March 2009

Limitations of Prone Setups

m Patient’s Ability to “Climb™ Into
Treatment Position

® Treating Supra-Clav and Electron
Boosts (Access 360 Allows S/C Rx.)

® Patient Comfort Lying Prone

32

Keith Crowe — Treatment Aide Lead

m Sutter Cancer Center Radiation Oncology
Services — Sacramenio

® Formerly Radiological Associates of
sacramento (ROC)

B 25+ Years as a Patent Positioning Experl

® Treatment Aide Position Similar to Mould
Room Staff in UK.

Benefits of Prone vs Supine

= Little to No Lung in Field

s Minimize Skin Fold Reactions

m Mo Hearl in Field on Lefi Sided
Treatmenis

® Pendulous Breast is in a More
Reproducible Position

Starting Up Prone Program

m New Technology Requires Training

® Research of Various Techniques

® Determining a Simulation Process

® Treatment Planning

® Feedback From Treatment Machine

m Identifying Bottlenecks and Issucs on Linac




Difficulties of Setups

& Reproducibility Sup/Inf and Li/Ri

® Patient Comfort Lying Prone

= Many Prone Patients Arc Obese

m Patient Difficuliv Getting Inio Position
8 Conira Lateral Breast Position

Adding a Vacuum Cushion

® One thing was evident 1o our staff. We
needed 1o use a vacuum cushion with the
Access 360 device.
= We considered 3 alternatives.
 Full Body Cushion
« Upper Torso Cushion
2 Separate Cushions

Adding a Vacuum Cushion

8 We remove the upper pink padding on the
Access 360 device

10:00am - 10:45am
Immobilization Considerations for Prone Breast Treatment

[nitial Issues Encountered

m Getting the Patient Into Position

® Patient Comfori Lying Prone

® Patient Position Reproducibility

® Patient Movement Due to Discomfor

= Aligning the Patient (Sup/Infand Li/Ri)

m Opposite Breast Position Was Inconsistent

Adding a Vacuum Cushion

® Choosing 4 Cushion Design
« Full Body and Lower Torso Cushion
+ Full Body is more difficull 1o use
+ Lower body position had minnmal
impact on sctup reproducibility
s Upper Torso — Most of the movement we
observed was above the waist. Paticni
was simply nol ¢comloriable lying on the
padding for a long time

First Cushion Attempt

® Our first cushion was a 100 em x 70 em
clear Urethane Vac-Loc with the beads
pushed out of one quadrant.
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First Cushion Attempt

Low Face Holder

Made from Star Booard and Nylon Matennls
Designed to Tse With Q-Fix Prone Pillow
and Flat Pillow

Prototype Cushions

First Cushion Attempt
m Initial Observations

+ T'oo much Kl

+ Larger than needed

¢ Cushion not indexed

+ No aecess 10 Aceess 360 Prone pillow section
of the board,

+ We embedded our im-house designed Tow Face
Hodder i the coshion

¢ Immobilizing the opposite breast was a huge
INProvEment

Prototype Q-Fix Cushions

m We contacied Q-Fix with our request for a
custom desizned vacuuwm cushion.

® Two Nylon Cushion designs were sent for
our analvsis. One with a section for the
opposite breast 1o be included and one
withoul.

® Chur testing has concenirated on the cushion
that includes the opposite sided breast

Prototype Cushions

4 Cushion with Low Faee
. Haolder Embedded

Crshion
without Low
Foee Holder




10:00am - 10:45am
Immobilization Considerations for Prone Breast Treatment

[0p View (Embedded Low Face Holder) Close Up of Low Face Holder

Side View (Patient Left) Side View (Patient Right)

Indexing Vacuum Cushions

® One problem with Nylon cushions is that
they are very “slippery” when sitting on a
hard surface.
The included indexing bar helps to stabilize
the protolype cushion. We also use small
adhesive “loop™ Velero sirip on the bollom
of the cushion to match up to the existing
“hiook™ Velero on the Access 360

& Another trick is fo use a small section of
“sticky™ drawer liner under the cushion
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[ndexing Vacuum Cushions Indexing Vacuum Cushions

- .=

Indexing Bar for Vacuum Cushion

Treatment Planning Images

Treatment Planning Images Treatment Planning Images




[reatment Planning Images

Stable Patient Position

® With the use of an upper immobilization
device our patients are able 1o maintain a
very stable position,

m The opposite side breast position has a
major impact on daily reproducibility. The
patient hias an abilily 1o rotale depending on
where the opposite breast is positioned.

s The Low Face Holder allows us to vary the
height of the Prone pillow (e accouni for
larger patients.

Observations

s The breast must be positioned such that
[recly falls into the open area ol the Access
360 device. The patient needs 10 almosl
“fall” imo that area slightly so that there is
no beam passing through the center spine
area of the device on the Medial fangent
field

® The widith of the cushion musi be closely
monilored to avoid gantry collisions,

10:00am - 10:45am

[reatment Planning Images

Observations

® We have seen a major improvement in
patient comfort smee using upper lorso
cushions.

® The patient 15 able to maintain their position
for a longer period.

= lmmobilizing the opposite side breast is
imperative to reproducibility. It was this
daily variation that was causing many
15511C5,

Observations

m Our clinical trials have shown that an upper
body cushion can dramatically improve the
daily reproducibility with the Access 360
device,

m [ is imporiant that the cushion not raise the
patient up and away from the opening.

m We look forward to working with Q-Fix 1o
fing une the Prone Cushion design,

Immobilization Considerations for Prone Breast Treatment
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A New Era of Intra-cranial and
Head and Neck Treatment

David Wiant, Ph.D.
Cone Health Cancer Center
Greensboro, NC

2

CONE HEALTIH
P it e e e -

Thanks!

nna Myrick * Jon ell
issd Napier Jackie Maurer
+ Brian Lamonds Carohne
« L enora-Say
srystal Reynolds-

* John Mo
« Matt Manning
Robert Murray Klarity
= Stacy Wentworth ;
Jim Kinard

What are the questions?

5 III'|I'||I'||::|

b Intr:r fraction Motiof
Il Intra-fraction Molion

2. Surface D
b. Transm

Slmﬂl
d Comfort

Wt FE i S

Declarations

* This work does not represent an endorsement
of a particular product or vendor by Cone
Health

Where did we start?

'uEr ains

i th i
anial SRS

Wams 0 Lt Zommpramrs:

|. Absolute Positioning -
T:l"g'h.:::-tu:'-n as a ::.l:-rn:_'mrr_- for absolute

i ons-and rotations afteEranitial 1|1Hq|n|;'.| using
L-ECT (HEN] or ExacTrac (SES)
Closed Masks
Translalions mm +-0.9mm (1.3 - 3.9 mm, n=5)
Rotations =1 f= 0.6 (0.9-1:7'mm, n=2)

Head Frames
Translations=1.6 mm (n=1)

Wams N Lt Zommpramrs:




"

|. Absolute Positioning -
CH.GG;HGH motion as a surrogate for absolute

positioning
Translations and rotations aferimtial imaging using
pafpmoTherapy MVCT or Exacirac for SRS and HEN

Translations= 7.8 mm /- 1.9 mm{1.8 =16.1 mm,
n=10}"

Rotations = 0.7 +/-0.8" (0 — 3.1 ", mm, n=10)
SRS

Translations = 2.2 mm +- 1.4-mim (0.4 —4.3 mim,
n=10)
Rotations =1.4% +{- 0.8 (0.2=2.7%, mm, n=10)

* T oemin ThEraghy Teavmlalhans s hasle 55 s ool eotich sag
Mt PR (e Somgcsdaen

Il. Intrafraction Motion - Literature

RMSE trunslations for SRS and HEN monitored with pre- and post
CBCT and ExacTrac

Closed Masks

Translations = 0.8 mm+/= 0.3 ' mm (0.25 = 1.4'mm;
n=13)

Head Frames

Translations=07-mm-=+/-04-mm{0:25 — 1. mm;n=3)

Wt FE i S

Thoughts on intra-fraction

1. Systemmgsoiution?

2. Monitoring mited by lonizing
radition exposure 3 Pre- and Post
CBCT arExacTric before alter cach
couch posiion

3, Bestcaze, about ¥ asample every 1-2
minutes

4. What hapoens betwoon pamples ™

Tk hdimi- i sg=a akbo

fikask

movament in tha

[ T TR e—

12:00pm - 1:00pm
A New Era of Intra-cranial and Head and Neck Treatment

Does this tell us how much the patient
is moving in the mask?
SRS: 2-3 mm HEMN: 34

We probably see about change'in
absoiute position inside fhe 1
[ L

A

Il. Intrafraction Motion - CHCC

RMS transiations for SRS monltoredwith EXacTrac

Closed Masks

Translations= 0,7 mm +/- 0.6 mm (0.1 =3.3 mm,
n=10)"

Finkrw-fradthon mios evadsaled by LapeTrae ingludes indde o noertz e
Waen FPL (o e

Positioning/Intrafraction Motion
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lll. Dosimetric Properties

Moldcare Head Cushions

Transmission and surface dosesarednainly a concern for
HE&N

Wt FE i S

lll. Dosimetric Properties
Masks

Transmission and surface doseaeamainly a concern for
H&N

Wt FE i S

IV. Physical Properties

-~ Easily moldable when wet™
»=5 minutes to'dry
» Mot reusable [ re-formable
> Difficult to mold tightly'to head. Need at least 2
people actively invalved
- Odorwhen wet

Wt FE i S
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lll. Dosimetric Properties

ﬁﬁiﬁ

286 £Gy 445 <Gy AT1cGy 296 oGy
480 cGy 4T ey 4TS ey T4 ey

]
b b

sBurfico dose! about £.5- 1.5 times higher msrmpliod regon
Little ehange. in doze at depth

Wt FE i S

lll. Dosimetric Properties

ZED 4B ety
ABY Gy by 483 ey
T

'Surface doze” dbout 1:5times higherin sampled region:
Masks probably not stretched as much on phantam ason patients

e o oike L I.I.

IV. Physical Properties
Masks

5-10 mintites to dry

Slight shrinkage (may use spacer in sim)
-+ 2 people needed for placement

May cause claustrophobia Fanxiety

> 2-piece mask-takes-30 minutes to dry
Minimal shrinkage {always use spacer)
5 3 people needed for placemant
May cause claustrophobia f anxiety

e o oike L
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A New Era of Intra-cranial and Head and Neck Treatment

Summary Where Are We Going?

. 2 mm [ 1° of absolute position variation in mask

. 0.7 mm,of intra-fractionmovement

. Cushions are hard to'mald, bul iave no effect on
imaging and acceptable surface dose

. Masks.increase surface dose by ~12%

. Standard masks take 2 people-upto 20 minutes to
make

SRS masks take 3 people up to 45 minutes to
make

. Masks may cause claustrophobia (| anxiety

Interlude — Surface Imaging Surface Imaging - VisionRT

AT

f" -

l-,. o
’n\ .-;.--f"

4

e

® e vt il

Roll™

Pitch

Uses speckie phologrammelry Io Create surface image
Registers real ime surface to reforence surfice 24 times par
second
Provides linear, shafts and rotition:s tomfch surfiices
Surfaca imaging enpable of detecting subenilimoter
movemenis

oy L b S
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Masks — Do we need them? Masks — Do we need them?
Personal Opinions

1. Whole Brains =
2. SRS -
3. Definitive Intracranmial’or H&N -

Start From the Bottom Up... Posterior Immobilization — Mayo
Mold

=0 Famm motion over 20
minitess
Comfortable

Logistical difficulties with
building and disposal
Mot easy o put mask over mold

Posterior Immobilization — Klarity Shell
System

e O
e
5 |

Posterior Immobilization — Klarity Shell

ﬁ?‘f%ﬁ%ﬂetric Properties

.v-"'d--ll--'
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Posterior Immobilization — Klarity Shell Posterior Immobilization — Klarity Shell
By sl&ditnetric Properties SY$RPsical Properties

Allowssfobtapesed Lop edges for
goot mask it
Acceptable dosimelnc properties
Tor certain- applications
Easy disposal
Mo odor
Ory heat
AT oGy AT2 oGy AT1 oGy Reformable [ Reusable
| person Lo form mold inabout 16
it
Reasonable fit

5435 gy S48 oGy S oGy

“Surface doseTabout 1.2 fimes higher for sholl cushions thon
Moldeare.

Wt FE i S & Wt FE i S

Posterior Immobilization - Open Masks
Mo Rigateal Properties

Allows for tapiered fop edges
forgood mask it

Acceptable dosimetnic
properties

Easy disposal

1 person to form maold in about
10 minutes

Does not always give tight fit
Some odor. when wet

Wt FE i S 3 Wt FR Cher Lomrwacmrs

I. Absolute Positioning — Open Il. Intrafraction Motion— Open
Masks Masks

Literature

Translations = < 1 mm-{n=4)"

b e
s o

Translations =2-3 mm (n=1)*

Translations =24 +/- 1.1 mm. (3 patients, 62 é‘ T
fraction)+ u o A F NE =
Translations = < 3mm (20 whole brain patients) A 3

P imia P e e imdien 8] e e seg i g

*Data fram ane site for single fraction SAS set-up with DICOM refecamce surface a6 LA ReBangres L Sme 1 Reey or of, "R amretoring i cTaris Baruianm RIS rd Srpey
sintracranial set-irp with & miv of DICOM and ViskonHT reference surface sy vt fovanl L e Aawermicant apmod serlans g™ et P SR, PET-mves i)

A [ . e, | e Ly, H, i T T SR FRR T T

Wt FE i S . L dda-TH (L
Wi 20 (M Jyrymm
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Il. Positioning / Intrafraction Motion Il. Intrafraction Motion— Open
Refs

Miean RAS For Al Fractions

= P, Conita, T Pawoon, L0 el 0 nmasn n Betern & Wi 0 G, LY. g
A5 Mene, C Chuem, et LIL Lovwoor, Fravmoia L et wfBE gy 0 SOmIATEY
R ST R I Serthteiel. " Reweney TH Ba-EL] LT
B UL DA iy, | ischapem, § 3 £ Deis-Bincn, it s, 050 W Law, “Rgrsian fom
S8 Atad PaEh D TN T ik R emoititior i pret e R e St eore”

A o Wl s o (o Ml s ATV =230 1N

0B AL g, L e, 8 M & s, 0 Gl ¥ Nl | Wik, bl 9 R

B g oA Ml olnodr i g Al o i

L1 G, W Ditovta, bl awion, |01 Lmrm, ¥ ..nwu.- e, 0 g, ol T
Fashis e S ey S ) ) e = e s

e~ Pt R S, SC11, S (2B it
® Lk Coria T, Pawicn 1D Lewion, st B Seng TR AL 000 maik-uIN CONE RRTREST
ey § PRy iRl P el 1 VN, M-Sk R
wm
Fatient
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Il. Intrafraction Motion- Open Il. Intrafraction Motion- Open

RMEETD | min e A0 Patiants

Pbean AVES [ Min Ower Al Patlenis

; 5‘
T |

Mo nignitioant correlution (r=0 40 p= Mo uignitioant correlition {F= 048 p=

A A 048
0% TPy | 048] s 74 i Lo

Il. Intrafraction Motion—- Open Il. Intrafraction Motion— Open
tacks

Paroeen of Time Dutsid Tolieranca per Fraction
RMS [ Fraction Over All Patinnts L

W e ot e v

Wbl Tiew That

Hmuuulnl n||hh =

Mo nigaiticant correlition ir=0 43, p= £
058

Wt FE i S




Il. Intrafraction Motion— Open
Masks

‘ 4

[P FERER Y

Ill. Dosimetric Properties — Open

lllHIIIEE. .

S Arsant-Dien Vel rme

e,

%

Surfoce dose 4-5% higher for 2.4 mm and 12135 higher fod 3.2 mm
than currenl masks (427 Gy lor curment masks)
Piien AHA Lk S s

Where are we at now -

L ~

Ufsqi_n._‘.}gf‘ll_al Moldcare for
whole brains

Using shell molds with
hitgh Moldcare for HEN
May mowve to shell
cushions for whole
brains or SRS

Wt PR e S

12:00pm - 1:00pm
A New Era of Intra-cranial and Head and Neck Treatment

Il. Intrafraction Motion— Open
ke

<04 mm.change in RMS posihon Gver-10
minutes

- 1 mmEMS STD over each minute

On average > 90% of time epent within 3 mm
{or within 1 mm of the initial set-up tolerance)
No change with fraction numbear

Normal involuntary movements like blinking
breathing, swallowing give <1 mm movement

Wt FE i S

IV. Physical Properties — Open
Masks

Intracranial ! SRS
2-3 minufes. to dry
Slight shrinkage (may USESPICETAT Sim)
2 people needed for placement ='easy placement w/ split
frame

May reduce clavstrophobia Fanxiety

H&N
2-3 minutes to dry
Slight shrinkage (may Use spacer imsim)
3 people needed for placement —hard to make, no split
frame
May reduce claustrophoba | anxiety

Wt FE i S

Where are we at now — Whole
Brain?

All patients treated with 3.2
i Assure Open View
Masks

All patients treated Wwith
“flat” Moldcarecushions
All pafients monitored with
surface imaging

Wt FE i S
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Where are we at now—H & N?

Where are we at now—-H & N?

50 patients randomized to 2 arch Questions
groups n -‘I-I-Jl'fﬂl'-'l_'.‘ imis g b L 4]
1 -Uppementorn ACECBCT for
alization?
ndard.of care with closec masks provide adequate
intrafraction immaobilization over
protracted courses of treatment
{25+ frachons)?
3_Do open how! indications. of

afmgankiety and

claustropho
reduction?

W Fot ks

A st Cpreme =

Where are we at now - SRS?

1. Effect of Opening on Abselute
Positioning

Where are we at now - SRS?

Pre-Clinical Research

1. How does the size ofthe openmg atfect
absolute positioning®

2. How does the size of the opening affect
monitoring at non-zero couch angles?

Wt FE i S

Where are we at now — SRS? Where are we at now — SRS?
1. Effect of Opening on Absalute

1. Effect of Opening on Absalute
Positioning Positioning
Initial Positioning with DICOM Reference Surface Secandary Positioning with VRT Reference Surface

e : == mditference for "EEN!
3.5 mm BRME diffetence for “Full” and- 6,5 mm difference for “E&N At 05 Tar SERN

* Ayerage of ET and CBCT wsed as e
" Avernge of ET and CBCTeusmd 0o tefodericr u ' Ve AT




12:00pm - 1:00pm
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Where are we at now - SRS? Where are we at now - SRS?

2. VRT versus ET at non=zermcouch 2. VRT versus ET at non-zeracouch

angles angles
Differences Betweon VRTand ET for Full Mask

e F a
a1 el
o . . (=¥
a5 e
.6
a1
04 o1 03
&7 . o7
36 measurements made at 7 different.couch angles
0L mm offsets wereomade with the couch

il F M e

Where are we at now - SRS? Where are we at now - SRS?

Another Surface Imaging Another Surface Imaging
Interlude Interlude

; ¥ %
Pilich -

The “full” masks gave more stable surface image agreement at couch-angles within +/- 30°

readings (4/: 0.1 mm) than the eyes and nose masks Thosurface imaging sysiem more accurately

[+~ 0.5 mmm) detected transiations at couch angles within +/- 30°
ET had +/- 0.2 ehanges n shifts with repeated 4 Whew S Cr Ty w

Surface imaging and ET werein-almost perfect

Where are we at now - SRS? Conclusions / Future Work

Another Surface Imaging Whole Brain

Interlude Open masks provide adequate immobilization and
localization with or without surface imaging
“High'" posterior immobilizatie Withoutimask and
with surface imaging is a possibility - Make
volunteer motion measurements in this sef-up

Intracranial
Open masks provide adequate immobilization and

b localization with or without surface imaging
At couch angles outside of +/-30% surface imaging had a Can surface imaging be usedtosupplement
~0.5-1 mm systematic offset CBCT?
It's net clear whether our system 15 not functioning
praperly or the system cannol handle couch positions
cutside 307

Wt FE i S w
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Conclusions / Future Work

HE&N

Open masks

Questions?

! FESpONSe
jeen Brisnlab and surface
imaging foc intracranial SRS patlents
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Andrew Wroe, PhD, D.AB.R.

Proton Therapy Immobilization
How is it different to photons?

ﬂ.’ COVEA T ENTIEY LESIVERSTTY

> MEDRAL CTNTTER

Qutline -
» Proton Therapy Introduction i i P
= History
= Bragg Peak
= Fimite Range .

et

» Proton Therapy Immobilization Considerations
= Range Uncartainty

= Farl to Par Vanability

= Time Stability

+ Edge Effects

= CT Uncerainty

= External Immobiization

= Intemal Immobilzaton

t'r’l} LORLA T I LNV RSTTY

History and LLUMC

» First proposed by Roberl Witson in 1548 and was developed in its fiest 2
decades al 5 cenbers workl vice

» Slow initial progress because of imited acvancements in imaging, freatment
plarning and dosimetry.

» Bmprosvesmaants in Thase areas have resufled inan exgiosion in profon herapy
»LLUMC was the firsd hospital based prolon Yol e |
therapy cenfer in 1990 wan almost 13,000 \FSEEEE 4 . et
patients ireated since opening

» CuiTenlty Gheve &ne over 30 operaling prolon
thesapy taciliens worldsige with plans lof a
Turier 22

= Today oaer 50,000 patients have been ireated
with profons wodd wide

Disclosure

| have not had a personal financial relationship
with the manufacturer of products or services
discussed in this presentation.

All material discussed is based on experience and
scientific merit.

J’ FOWIA T INER LENIVERSTTY
LIRE N t

Outline

» Irmmobilization Solutions al LLUMC
= POD
* Bite Block
= BoS
= 5DX
* Reclal Balloon

» Benehits of Dopartment Wide Solulions
= Standardization for Combo Treatments
= ACCUTAcY
= Cost Effectivanass

Q) | OVALINDAUNIVERSTY

Why Protons?

»Protons are a useful tool in radiation therapy as they
produce a high dese region in the patient

»This high dose region can be placed anywhere by varying
the protons energy

+Protons S _
»Low entrance dose




How do you treat with a Bragg Peak?
» A Bragg peak gives a very narmow high dose region

» To Ireal a volurne that may [543 I'I'Ll|lipll! cEnlmeiens thick we !pﬂ!i\d
eul the Bragg peak (SOBP)

» Achieved by supenmpasang many Bragg
peaks ol diferent energy and nlensly

» The SOBP creales a uniform dose . -1
region for realing & volurme . |

» Can be achived passively or i-
dynamically

» The S0BP width can be made to sui
thi volume being treated

U"} LORLA T IR LENIVERSTTY

2:00pm-3:00pm
Immobilization Techniques in Proton Therapy

Facility Design

» Buall around & ceniral acceleralor used o deliver profons of 200-300 Mey
» Gariries alkow for beam delivery 360 degrees around the patient provicing mare
eatment options for clinicians

» A precision couch allws for alignment of patients with E-dagrees of freedom

“.!1""} LOREA | IR LNV HRSTY

Immobilization Impact

»As with photons both external and
internal immobilization effects our
ability to hit a specific target

»In proton therapy anything located
upsiream of the target and in the
beam path can impact the depth of
the distal edge

»This includes immobilization devices

»In proten therapy you need to
remember the third-dimension!

'U'f } | -1 '-:I .I *~ - 3 | INIVERSITY

PT Immobilization - Range Uncertainty

»Multiple faciors can contribute o range uncertainty including:

= Errors in conversion of CT # to electron density to proton
siopping power

= Immwobilization device part 1o part varability
= Changing patient body contour

» Typically the range uncertainty for proton therapy is accepled
as 3% of the protons total range.

sImmobilization devices located upstream of the target can
contribute to this uncertainty,

AT INDE LIYIVERSTTY

PT Immobilization - Range Uncertainty

sUncertainty in the Bragg peak position, (or more cormectly the
S0OBP distal edge) is an important issue for prolon therapy

du s

™ Prigdons
a - ] Do
»Overestimation in proton range can lead to irradiation of normal
tissue

sUnderestimation of profon range required can lead to under-
dosing of the target volume

ia.""'} LOREA I LNV RSTTY

PT Immobilization — CT Uncertainty

= CT imaging is the basis of our dose
calculation in photon and proton therapy

&In proton/photon therapy HU are
converted lo electnon density

=P

« EEEE-EECEE

=For proton therapy an additional
canversion of electron density to prolon
slopping power is complate.

wAs the proton range calculation is

dapandant on this conversion, armors in

this calculation can lead to ermors in the L
proton range Hovadue

MEA L INEE LIV ERSTTY
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PT Immobilization — CT Uncertainty

e CT scanners are useaful at deriving
material information a range of lisswes

wMaterials that do not lie on the CT

calibration curve can be difficull 1o image
accurately

wMaterial chokces for immobilization
davices are key for accurate imaging

wFor all immobilization devices the CT
genarated proton water equivalent
thickness (WET) should be
experimentally verified prior to clinical

PT Immobilization - Part to Part Variability

»Part to part variability can impact range unceriainty if the
patient is scanned using one immobilization device (i.e. a table
top) and treated on a different device,

nLoma Linda has overcome this by having a patient specific
POD which lravelled wilth the patienL :

b

o &g the patient was scanned
and treated in the same
device any part to part
variability was accounted for

o The difficulty with this
system is storage space

PT Immobilization - Time Stability

»Moldable devices such as the MoldCare cushion offer an
increasead level of customization to the immebilization process

#In proton therapy such devices should only be scanned once
the intemal composilion has stabilized lo minimize range ermors

»MoldCare cushions need to dry out

to have a uniform internal structure 0 hr

»Studies at LLUMC suggest this takes

24 hours & hr

»ff the CT is completed priar to this,
dansity cormaction is neaded to

ensure the treatment plan reflacts

the conditions on treatment day

i } II..I. AYEY I‘-....| b33 !I"\-..I". 1RSI

PT Immobilization = CT Uncertnint}f

rMeasuring the water equivaben
thickness is completed al LLUMC
using precision range shifters

»The shift in the distal edge
position with a immebilization
device placed upstream of the
detacior is recorded and the
water equivalent thickness
detemmined

»This data is then compared to CT
scans and treatment planning

data to ensure accuracy

V) | OMATINDA UNIVERSTTY

PT Immobilization - Part to Part Variability

» Today we are moving lo a moedular system where a specific
device (Le. POD, table-lop, BoS insert elc) is located in a
specific room (i.e. CT, proton elc).

» These devices must be interchangeable such that the patient
treatment plan iz an accurate representation of delivery.

»Device characieristics to check include dimensions, density,
and umiformi

} LOIAA T INERA UINIVERSITY
RL %R

PT Immobilization = Non-uniformity
»Mon uniformily in an immobilization device should be avoided

» Dewice non-uniformity  can indude lowhigh density regions in
manufativred devices or fodds in patient specific devices such

as vac-lock bags
zMon-uniformities can shift ralative to -
the patient daily.

#Shifts in non-uniformities can
compromise beam range relative to
patient anatomy.

} LOIAA T INERA UINIVERSITY
TR A Al UEITTR




PT Immobilization - Edge Effects

»Edge effects refer to passing the beam
across edges or along boundaries

#Shifts in the patient relative o the
boundary on a daily basis can impact
the proton range

»Beams thal pass hall through a device
are also problematic

»Proton beams should pass entirely
through an immabilization devica [ table
top and allow for selup uncertainty

2:00pm-3:00pm
Immobilization Techniques in Proton Therapy

PT Immobilization - Edge Effects

»Edge effects can be minimized through
planning guidelines and immobilization
design

wLow profile mask frames allow for a
wider range of beam angles lo be used
in patient treatment with minimal impact
on range uncerainty

»Beveled edges allow for minimal impact
on range uncertainty

} LOREA I LNV RSTTY

PT Immobilization - Beveled Edges

» A baam which crosses an
immabilization boundary can
introduce significant range error if the
targetpatient moves relative 1o the
immaobilization struchure

»Bevelad adges reducea any ranga
uncertainty with patient position
redative 1o the edge. Beamns that
cross these boundaries can deliver
accapiable range unceriainty

U"} CVEA T INDE LEXIVERSTTY

PT Immobilization — Internal Immobilization

sInternal immobilization is also a key component in prolon
therapy immaobilization to Emit motion and allow for lecalization

of a specific target

sWhaere possible such immaobdization should nol add additional
malerial in the proton beam path

sWhere the immobilization device is in the beamn path it should
b waler equivalent or have a density that is imagable by CT
and accurately reflected in the dose calculation

AT INDE LIYIVERSTTY

PT Immobilization — External Immobilization

s External proton immobilization should:
~ Adequatety immabilize the patient
~ Piace tha patient in a reproducitle posiion
~ Be accurdlely represaniad in e treatrment plan
= B homogeneous in constnuichon
= Have Bested edgas to lim edge effects
~ Lisa kew censdty maberials where possinie
=~ Fiace & minimnal amound of materkal in the Baam path

= Adlcre minamal & gap

Q) | OMA LINDA LINIVERSI TS

Immobilization Vs Tracking

‘E - Aperture
I
HU Bolus

Tumor Patient

Q) | OMATINDA LENIVERS
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Immobilization at LLUMC

nHas been developed and refined
through 20+ years of proton
experience

& general breakdown of
immobilization device and treatment
site:

=~ Thorax/Abdomen = POD
~ Head/Neck — Mask
= SRS/SRT - Bite Block

MU LENIVERSTY

POD Immobilization

» The axisting systaem at LLUMC creates a single custom POD that
is used for imaging and treatment.

»Advantages:
= Samea POD for imaging and treatmeant

r_*'

~ Superior POD immaobilization

» Disadvantages:

~ Storage
= Transportation

ia.""'} LORLA T I LNV RSTTY

POD Immobilization

» The new design is built on the Q-fix kK\Vue platform and has
been designed to maximize the treatable volume

»Features include:
~ Bavelad Edges
= Foam cong for homageneity
~ Adjusstable kool plale
~ Removabie S0X sheil

= 42 5 inch uninfermupted treatabs
length + 14.5 inches

COLA IR LEXIVERSTTY

POD Immobilization

»2 parl expansion loam allows us o creales
a custom mold of the palient with bow
density material,

» POD immaobilization is used extensively at

LLUMC as it:

=~ Confines larger patients to the CT circla

= Prowvides superion body immaobilization

=~ Provides reproducible patient thickness
for laberal and poslerior beams

~ Allows for minimal air gaps

=~ Provides a stable reference for leveling
a patient

Q) | OMA TINDA UNIVERSTTY

POD Immobilization

» The goal has been to update the POD
immaobilization to retain all the
benefits.

» To do this we are building on “liner”
technology

w8, POD will be allocated o a specific
roam while the patient specific iner
will be travel with the patient {imaging
through treatment)

» The challenge s lo creals a room
specific POD which meels the prolon
design considerations

Q) | OMA TINDA UNIVERSTTY

POD Immobilization

» The new POD system will
provide Improved treatment
flexibifity (beveled edges,
mavable carbon rails)

wLiner iechnology will provide
improved treéatment room
efficiency and storage



Head / Neck Immobilization

sAgquaplast mask immobilization is the standard immobilization
material for head/neck

# The difficulties with standard systems include:
= Large bulky mask frames
= Limited nozzle clearance
~ Limnited shoulder immobilization

o8 now mask system more custom suited
to proton therapy was needed that could —
also be applied to the existing conventional machines with
minimal modifications

ia.""'} LORLA T I LNV RSTTY

2:00pm-3:00pm
Immobilization Techniques in Proton Therapy

Head /Neck Immobilization

» The BoS system thatl was designed by MGH physicists in
collaboration with Q-fix has been implemented at LLUMC

alt provides:;
~ Easy implemeantation onto axisting couches
~ Head!Shoulder immobilization
~ Edgeless” masks
~ Minimalist design

L8

WA T INDE LNV RSTTY

Head / Neck Immobilization

The main advantage of the system is the abifity to altain a wide
range of reatment angles with minimal matarial in the beam path

Bite Block Immeaobilization

» Multiple design elements were incorporated including:

~ CompatiiBly with curren bile-block frame

=~ Vacuum attachment of bils-block irame
Faarm cone comtruction b minimize probon wabsr equivasent thickness
Bevebed edges to minimize proton edge effects
Inchexed head cushion
Indexing for body immobiiation devices
WVisual 8nvd radic-opague mankers Tor couch QA
Wariabes fool reats and knes cushaons 1o cusbomize fool and leg position

WA T I LNV RSTTY

Bite Block Immeaobilization

#Proton Therapy has a big advantage for SRS and SRT through the
Hragg peak and Supenar penumba

= The challenge is o harness hes abiity with effective immobilization
w AL LLUMC we use vacuum bite block fixation

s\acuum is used o attach the frame to the
tabile and then the bile block 1o the palient

= This provides a secure immaobidizaton
platform which can be released at the
push of a batton

et also adds no additional malerial to the
beam path

ia.""'} LOREA I LNV RSTTY

Bite Block Immeobilization

& Proton therapy, bite block immebikzation and a 6-degree of
freedom robotic positioner provide a significant advantage in
SR3 and SRT
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Breath Hold Monitoring
eLocalizing the target not only in space but time is also important

wPatient breath hold assists in localization of the target with time
allowing for accurate beam delivery.

wGating is complex and can also lead to technical challenges and
lang treatment times with pulsad beam delivery

=Belt systems can add extra material in
the proton beam path which is undesirable

#Relying on the patient to hald their breath |
reproducibly can be unreliable

tu} LORLA T I LNV RSTTY

Rectal Balloon

»Rectal balloons provide internal immaobilization of the prostate

#By filling the rectum with a known volume of water and
ensuring the patient has a full bladder for CT and treatment we
cri:ale a reproducible prostale position

# Thit decreases inter- and intrafraction maotion significantly

Rectal Balloon
»Rectal balloon also:

~ Fills the rectum with water minimizing range uncertainty due
o variation in rectal flling

= Locates much of the reéctum away from the treatment fiald
~ Is well iolerated by patients

Breath Hold Monitoring

» Implementabon of & spiromeine device such as an ABC or S0X device
provides real time feedback for the tharapist and patient

» This has been imglemented at LLUMC and appresimately 10 patients
have been trealed with excallent pabantstall Teodback

® Uinit mounted on self contained cart

» Uit connects wirelessly to contral room

= Works well with POD immobilization

» Mo additional matenal placed in beam path

» Fabent data stored on secure database for
futura clinical analysis

A

Rectal Balloon

» This decreases inter and intralraction molion significantly?
»¥What do | mean........
»Motion was reduced by approximately 50% *

»Rectal balloon and patient instruction provides prostate position
accuracy with bony anatomy alignment that is equivalent to
prostate imaging *

* L St K. Lille, B Croves, C.
Vs, Sader, "I m
Ieforiracion Pt Moo in o
Tt of Prossiae: Coanco s
Evimncial Paloon AR TR
Abaleact €04, 01

Multi-Modality Immobilization

»Prolon therapy immaobilization is specialized

»Mot all photon immobilization can be adapted to and used in
praton therapy due to inherent differences

HOWEVER. proton therapy immabilization can be used in
phaton tharapy

» Design concepts lor proton therapy immaobilization doas nol
make it unsuitable for photon therapy

»Using proton therapy immobilization in the photon dlinic is a
viabla solution



2:00pm-3:00pm
Immobilization Techniques in Proton Therapy

Take Home Message

»Proton therapy is a useful tool for radiation medicine yet
requires specific immaobilization design features to reach its

Multi-Modality Immobilization

» Standardizing the immaobilization clinic wide has a number of
benefits

~ Accuracy: single scan single plan regardless of modality Tull petential
~ Flexibility: allowing physicians to easily transfer patients sImmaobilization is more critical to beam delivery in proton
betwean modalities reducing the need for re-scans therapy
~ Cost: supporling only one immobilization system is more »Care must be taken to understand the efects immobilization
cost effective iz having on beam delivery prior to clinical release
~ Training: lessens the burden on training and in-services »Employing site-wide immobilization solutions has distinct
benefits

~ Efficlency: No need to re-immobilize based on modality;
»Make sure the immobilization device immobilizes the patient

and staff are more practiced in the use of a singhe system

t'r’l} LOREA I LNV RSTTY
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Patient Positioning Using an In-Room MR Imaging System




Rojano Kashani, PhD

Patient Positioning Using an
In-Room MR Image-Guided
Treatment Delivery System

Raojana Kashani, Ph.D., DABR

CITEMAM CANCTR CESTER i y . Mo
e

Outline

= |ntroduction toin-room MR image-guidance
« |maging capabilities of first commercially available system
= Patlent positioning conslderations
* Site specific immobilization and positioning
= Breast
= Head-and-nack
- Spine SRS
Peivis [ Abdomion
Stercotactic Iunz and abdomen

= Dscussion

Introduction to in-room MR image-guidance

= Existing Imaging techniques mostly address the pre
treatment imaging at each fraction

= 2020 match with kY source

= Conebeam CT

= Fluoroscopy

= MvET

« During treatment delivery, we rely on motion surrogates

= Warlan' s RPM which Images a small plastic black on patient’ s
abdemen
Align-RT which tracks the motion of patient” s surface

- Calypso which tracks the position of implanted slectromagnetic
transponoers

Introduction to in-room MR image-guidance

= Benefits of in-room MR
- Wisualization of soft thisue targets instead of surrogates

* Poberntial for more acourate pathom seoup, alowing for margs reduction
Ka additional dose o the patient
Ability to image during treatment to monifor tumor mation
{apnbiqu,- to track sodt tissue targets or CHARs for gn?lna

+ |nroom MR systems currently under development
- ©.2-T MRI+/inac Frototype: Cross Cancer Institute, Canada
- 15T MRI+Elekta: UMC Litrecht, The Nethariands
- 0.35-T MRICobalt Sources: ViewRay, Cakwood, OH

Introduction to in-room MR image-guidance

= Systems that allow for imaging during treatment provide
limited infarmation

- Warkan TrueBeam allows for acquisition of KV images
= Lirmited planar images, with no soft Lissue information

= CBCT can be répeated during delivery the ireatment but adds
additional time for image acguisition and increases the dose Lo Lhe
patient,

First Commercially-Available Solution

= 0.35-T MRI+Cobalt Saurces: ViewRay, Cakwood, OH




3:00pm - 4:00pm
Patient Positioning Using an In-Room MR Imaging System

First Commercially-Available Solution Machine Characteristics

= 0.35-Tesla MRI field = 3 (o-60 sources: 15,000 Ci each { maximum)
- Strong enough to produce quality Images - Dose rate at lsocenter - Boo oly from all 3
wihile reducing dosimetric effect of MR - Source size: ~3x2.5 cm
field ; t
= Collimation

* CooB0 souUrces: = MLEC = 30 pairs of leaves per head
Elminate problems with generating boam » 550 =105cm

I the presence of magnetic field
= Integrated system » Boresize =70 cm

Mante-Carlo-based treatment planning » Maximum feld size = 27 cm
= Imaging = Virtual to machine isocenter distance =155 cm
= Dalbvery « Couch-180 cmiong, 50 cm wide

Machine Characteristics Patient positioning considerations

« Typical imaging times:
= Localizer (PEpl]) scan @15 s8g

« Bore size - 70 cm

* Treatment couch

* Oradient colls

* MR compatibility of immobilization devices

- Hegh resolution volumelric scan :
15 58¢ = 3 Men
* |maging resclution
- Volemelric images: 1.551.5%15 mm
= Planar treatment images:
3.5%3.5%5.0 rum
* Real-time imaging speed:
= 4 frames per second = Single plane
= 2 frames pef second = Three

planes

Bore size Treatment Couch
= 70 cm diameter bore = Fiberglass
Limits the use of some of the standard immobliization devices such - Highly attenuating compared to
as slant boards due to dearance carbon fiber
s Also depends on patient size = |ndexed
= 5o cm wide
- Consideration of analomy cutside the field of view [FOV) ~ SHEhtY Rarrawer than some
= TPS provides an estimate of vaid kocenler locations based on other IGRT couches

external skin defined on planning mage.
= |t also wses the skin bo verity Clearance prior to aBowing the user

to shift the couch
aceuracy, however attenuation
= Does not know about anatorny outside of FOV (arms) varies depending on beam angle

= Most immaobllization devices are not visible on the setup MR = Patient position relative fo the
IMFRE, couch & very important

« Modeled in TPS
= Modeled in the TPS to within 1X




Rojano Kashani, PhD

Gradient Coils

= For best image quality,
coils need to be placed
as close to the patient as
possibla

« Posilion varies per
patient and
immobiization system

+ Should be separated
fram the patient to avoid

deforming the tissues /_,

bt T 8 T e ] e b a1 5 ] | L —
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Site specific immobilization and positioning

= Breast

- Current standard of practice in our clinic for partial breast is to use
AlignRT or CBCT

- Cavity €an be gassdly visuallzed on the MR

bt T 8 T e ] e b a1 5 ] | L —

Site specific immobilization and positioning

= Breast
Alpha cradle | Vacloc bag
= Armug an the affected side

Codl placernent (5.3 concern as (t may change the breast tissue shape
fromm fraction be fraction

o Lodls vware soparated from tho pakiond by r-l.w.'\r_ a bridga ovor tho
paticnl Lo hiald the colls

B T meaa e i f— s 4 A S 0 R | —— e —

Site specific immobilization and positioning

« Breast
Aligring to the cavity may be more accurate than the external
breast surface in some cases - Potential for smaller marging

= Also able to visualize the changes in the cavity over the treatment

Bt e € T i — o S | g | ——— i ——

Site specific immobilization and positioning

= Head-and-Neck

Site specific immobilization and positioning

« Head-and-Neck




3:00pm - 4:00pm
Patient Positioning Using an In-Room MR Imaging System

Site specific immobilization and positioning Discussion

= ConeBeam CT ve. MR

Minor modifications were made to immobilization devices
as well as actual patient setup

MR compatible versions of various devices were bullt

= Ability to monitor patient position during treatment would
allow for less rigid immaebilization for specific sites.

B s T 8 SRS s ] pe b A e | (1P & ] | T B —

B s T ® ST et s ] e 6 s | PR

+ el v L —

Acknowledgments

« Olga Green, Ph.D.
= Sasa Mutic, Ph.D.
= James R. Victoria, CMD

B s T 8 SRS s s

b a1 & o Y i —




Notes




Notes







(-l‘g Patient ;;2%

advanced education in patient positioning

Friday, March 28, 2014
4:30pm - 5:30pm
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The Clinical Use of a Spirometer based Respiratory Motion Management
System for Deep Inhalation Breath-hold Radiation therapy of Left-sided
Breast Cancer Treatment




Wensha Yang, PhD

Disclosure

Clinical Implementation of a Spirometer

based DIBH for left-sided Breast Radiation _ _ o
| have no financial relationship with any of the

vendors in this presentation to disclose.
Wensha Yang Ph.D.

Medical Physicist and Assistant Professor

Cedars Sinai Medical Center

Cedars Sinai Medical Center Outline

<+ Clinical needs for breast radiotherapy with respiratory
mation control

<+ How to control respiratory motion for breast cancer.
< Cedars-Sinai’ s experience on a spirometer based

respiratory mation control for left-side breast
radiotherapy,

Misthods

The N E.w E N G LA N D * 953 with major coromary events and 120% controls.

= Muesn doie to the heart and LAD

]D URNAL af MEDICINE ¢ Mhodal: Bo{1eKX), whisrs 85 wid the rstam-specites rate of MIST CHRORARY SvenTL in

the abdence of radiotheragy. X wid the dase of cardias radiatian [in Gyl and K was
the parcentage incresie in the rate of majer corsnary events per Gy

| [FTPR— MAECH $4, 303k ——— |

i

Risk of [schemic Heart Disease in Women after Radiotherapy
for Breast Cancer

* 2160 bemast cancer patisnts.

+ Rates of major corcnary svents increased linsartly with s mann doas to the
teart by T.4% per gray, with no apparent theeshold

+ Bagins within a few years afler oaposiste, and contiries for ot laast 20 yeer
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The Clinical Use of a Spirometer based Respiratory Motion Management System for Deep Inhalation Breath-hold Radiation

therapy of Left-sided Breast Cancer Treatment
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Significant number of patients who underwent radiation had
cardiac perfusion defects.
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114 pasisnis were inchaded n ihe study.
OF 114 patients. S, 83, 41, anil 3T has Tolow-up SPECT 6, 12, 18.80d 2linoniks

st
Radiation therapy causes valume-dependent perfusion defects in =40% of patisms

withis 7 yaars af RT.
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50 patients with lnft-sided breast cancer and S patients with right-side breast cances
Awerage maan dosg was 1.3 (50=0. TGy 1o the heart and T[S0 5) Gy 1o the LAD
&4% pationas have pan of the hean receiving > 200Gy,
LAD dose i distance dependart
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There are clinical needs for techniques
ta reduce in-field cardiac volumes and

hence to reduce the cardiac doses!

But how?

Can we do it with prone?

Hzan moves anteriorly
when patent & Selup in
prone position.,

Is there a better breathing phase
for critical organ sparing?
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Impact of Respiratory Manoeuvres on Cardiac Volume Within Left-
Breast Radiation Portals

Ming M Than, Mchasl L Chuang Bruce A Domsien, Rebscca eiman, Jay B Mama, and
Wiiarren J bilanring

Circulation Violome 96{ 100 I363-3272 Movember T@

! B ™ us

PR T THR S P S

EEDLCTION N CANDAD YOLUSIE IS DEFT-SEEAST FREATMENT

drnational |
FIELES BY ERSFIRATONY MANDUVERS: & ©F STUDY oy i

R.tlu.ullmlki.‘:t:'.-.l- w

Whissi-Mlt L P L, s D, BLAL.™ My Mo U, SUET, L s, DR binlogy w physios
Wansss | Mvwnma, BEEL " Fan Thiama, MAE oun Moty Bemenmes, M 13 ¥
L L e S et | —
s o Lt s B, s 1 g i b e gty s el M
[ Pulrished In 2000

&T study to proposs radiotherapy of left-sided breast with breathing mansuver,
Mo pechnigua Was ised io moanalod ha breath-Sold

Bhultipde hraaif:holi scans weare aoguired at tha same day, showing
repraducibitlity of the braath-bold <3mm using o surface markes as 8 lasdmerk
¥ breathing monitoring device was used

Can We Utilize Breathing Control to Achieve
Reproducible Gating/Breath-hold Position?
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Breathing Control Devices for Breast Radiation Therapy

Voluntary Breath-hold

< Self-held breath-hold withoul réspiratory moniloning,
CHME inferiock (Vanan maching] through a hand-
held switch, not commercially avalable

4 Spirometry based (Dyn'R, Vimax)

< Surface marker based. (Varian RPA aystem)

< XDesurtace image guided, (Vision RT, C-RAD )

Inveluntary Breath-hold
& Active breathing control device, (ElekLa)
Gating technique

& ADCT to decide best gating window for the traatmeant
(Warian RPM system)

Audicvisual feedback systerns are usually used to improve breath-hold
reproducibility throughout the treatment course.

Spirometry Products that are Compatible with DIBH

WA Specta 200G (VIASYS
Healthcane Ine, Yorta Linda, CA)

- By

Spiolyn' R (Dyn'F, Mured, France)

= A reproducible state of deap mspirabon breath-hold tachniqua
= Conlrols intermal anatomy by contralling lung volume
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Voluntiary breath-hald guided breast treatment using Varian RPM
Hreshin l:[iv.\l aflicheram VL l”'l‘fl ancer redechad ol g

therapy of Left-sided Breast Cancer Treatment

Gated breast treatment using Varian RPM

Greathing adapted radiotherapy for breast cancer: Comparison
of free beeathing gating with the breath-hold technique

Rine §. Morreman”, Aaden M, Pedersen, Trine Jakobl hettha,
Lena Spacht, Hikan Mystrom
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3D surface imaging for patient setup
and motion control

Gated-RT ™ system (Vision RT] Sentinel ™ system (C-Rad)

03 |

L

3D surface imaging for whole breast setup (Vision RT)

Clinfeal evaluation of interfractional variations for whole
breast radiotherapy using 3-dimensional surface imaging p o

Armish P. Shak D", Tomas Dvorak WD, Mickael 5. Camy MS, "
Baniel 1. Buckhalz MO, Sandend L, Megis FRO Pobilisheed i 2017

A %

DIBH breast treatment using 3D surface imaging (Vision RT)

A Voluntary Broath-Hold Treatmant Technigue for the
Left Breast With Unfaverable Cardiac Anatemy Using
Surface Imaging

B B, Gleega. FREL T Jetis . Buscetos, M5 Gregery £ Sharp. S
Darsind L. Sedlavab. BA.° Lhibagher £ Loltar, B,

andl ApRean G. Taghies, MO, FhO*

Impartant finding:

13 of 20 padents requirsd ot isast 1 sdditional retersnos mages dunng thesr reaiment, and the
average furber of addional reference images for al patients was 1.3, This suggests that in
some cases, the comelation betwsen intsrmal and surisce anaiomy vaned dunng reatment

Calrieis frols- ——ee
and Chwrintiam P. Kasges. Pl

3D surface imaging for breast setup (C-Rad Sentinel)

Clinfcal Evaluation of a Laser Surface 5 g 5
in 120 Patients for Improving Daily Setup .i.mu'rl:r S T—
in Fractionated Radiation Therapy Randitiom U nocksgy

Parsien Maser, PR, Groger sabl, M5, M itk i, M8, K3l Schuert, Fab,' s
Poris, L. Jirgen Beben, 18, PO Wl Herture, Wb,

Publizhed im 2012

et 2f ot P s ey e (amm e G ey bamems am
B e et

120 patlervts for & different sites were studled

= MVCT Frowm Tomotberapy was uied o standard

= Using & reference image scquired with the laser system after MWCT-based setup
correction is more reliable than wsing the imported MCOM reference surface,

= Additional radiclogic imaging may still be needed but frequency can be reduced.
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Inwaluntary breath-hold guided breast treatment using Elekta ABC

= Astivd Breaang Cosrdinater (ABC) froen Elelia, developsd ol Wilkam B i Hospial

*  Modfied verblaior that has two separate fiow monstors and bwo scissce valves, wiich ane
intritaced st srpLter

= alies will be closed when & defined lung volums s sst

= Al braath-hald in any peedelined lung valame.

= abdated on lung and e pabists

THE [EE OF ACTIVE BREATHING COMTROL (UBD) TO REDULE MARCIK @S
FOR BEREATHING MOTION erivnal ol
Fealisumd bk
Jeen W, Worws, Prlk, Moo B, S, Palk, D & Doseyr, Pall, Bl m plopicd
Wear B o, MID, Bove 8 Romiwion, WD, Doparms 5. Sracamens, M D oo
Agavw) & Maxtar, MDD
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Publishedd in 1995

First use of ABC on breast radiation therapy
DEZF INSFIRATION BEEATH BOLD T0 REDUCE [READUATED HEART

YOLUME BN BEEAST CANCER FATEENTS .-...I-\.‘.ul
w1l ooy
Karwaipu £ Som, Pall. FCCRM. Manuon £ Aros, Mic.* ve Comer
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= 5patients
= Plannd bofh reguiar tangents and nigerits

1o reduce both cardiac wo d lung W25

Comparison of MRI defined heart volume with CT defined heart volume

MELEGID VO LUETER ASAESAAEINT OF CARIHAD ANATIAN A%l
IHInd RETLCTHIN V1A AUTIVE BREATHING CONTRUH, [M HING

—y—
IREAHATION FO& | ITTSI00S BEEAST CASCER FoadsinonCncokgy
salegy w plyaios
Ciasa, 1, Kvavs, ML L sy Russ, ALDL” D0 Vs, Pl
ke W, Pallh* R v, WA N s Lo, WA Camon I, Wassoia, SU0 _——
A . Slarmag, M, FACR. e Fains & Yo, kLD Publfshed in 2005
Dl o 8 ikt gy gy B, B S Ryl sk, M8

I
Visole Hewrt Wy, REoction - W0 (50] s leart Wy, Bdhariion, - 1 i
= LV volumes calculated from MRI and CT are comelated with each other
indicating CT & adequate for delermining whech patients are Mol 1o
penelt from ABC freatmants

Something here!l!

. Y

Implementation of at Cedars Sinai Medical Center

Y —

= Purchasad 500 Oyn'R about two years ago:

= ~2 manths for physics test, maning for
theragists and setup profocois

= W started with lung, Fver and pancreas
SBRT. Later it was used on breas! regulary
fractonated case. Breast SBRT protocol is in
development.

| . |
o

It takes team work to implement a new procedure in clinic!
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Cabling of SDX Dyn'R

QA of SDX Dyn'R
1. Daily calibration using a cylinder with 3L fixed volume. Our spec=-+1-1%

2. Monthly cleaning of the metal filler psece.

Py
! . &

3. Annual faciory cabibealion by Qfix.

Cwrvicn i3 shippod back o e company and @ loaner devices |5 Lsed
during Ihe arnual cadbration pariod

Treatment vault
Control room )

CT simulation workflow

Traarmg & Cansdidake lor

Setting femath | J /1 TIRTCEN) Al

L) Dyn'R¥ Smina . TGervin

| Froe Aadd?
e
cT

Fior pomrpdiant patiscs, the process takes <16

Fer dificut patients., MD 1o deckde how long we should keep trying Fusson to the breaat Hssus Redarence points are put Tangints plan s dasign
ared heart s contoured on in, Dhen' R device s
FIF.
Patierits ane besiod iy shive that they cam hold the breath 82 cefined bevel for af least 3 thhé DI8H scan. o ol 1 ek o uiing FIF, E-comp of
lirmers gl 10w wach Gme

being in the fiald IMRT, #e.

Talking to the patients and make sure they understand the process is
axtremely important]

Planning workflow 2 Treatment workflow

A RPN AN B AL TE T O 3 WL KT ATEAS TS0 B CARIH — For first fracton:
EAPUHE (U BASRATHN FUHLLOP I EREATSIENT 10 BIE AT AL r

Limins IMEns

HTUMS
[ I s B |

For following fractions:

5.1 0mins Smims
Trost while
e ~EE
Sehup nates:

1. Align b bee breathing LAT tafics tablescs CM, check rofation with Lager,

2. Alagn o sciv (atog

3 Ask patient bo take a deep breath in. Adjust e couch {Lng and Lat) S0 match schy
nsn. Do he b bt i &'y

|I Ak patient b Lake @ desp besath in. Check AF DIgH S50 Adiastl oouch verl 19 mdatch

| % Take ports. ake marks on Tnal approved ports
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Khwan bpart doss {Gih

Dosimetric comparison of free-breathing and DIBH plans using Dyn'R
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= Statistically significant reduction of heart and LAD dosas.
= Left ing V20 is similar from the two typas of plans.
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= @ drifting motion pattern during DIBH and a rancom motion
pattern during DIBH

Wby ol Ao ateer do? Sl
beeathen?

Aty ipeisl initiueBon necded for &
vecoesshul treatment?

Intra-fractional motion during one breath-hold using Dyn'R

34d.8
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= MY portal films weng exported from the HYV system

= Chesl wall was segmenied usng a MaSab program developed in-house.

= Different pafieims of molion wers pbserved: b, Bange malion from ramse 1,
€. refatively smafl motion for all frames.

= Medun milras-frectonal chest wall maobon was 0, 1{S0=0 % mm n AP and
0.5(50=1.1)mm in SI. respectively.

Inter-fractional motion during multiple different

breath-holds using Dyn'R

a ;¥ Em— B Er €
14 l = T
0 12| '\. Dyt E - ! T
_ 18} = Dayl | % - Day2 1
E Day2 E 18 | Daryd o S -
= 230 - Dayd | i Curpd N
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+ Different patiems of chest wall motion wene observed, (crossing pattem or
paraliel pattem

= The average AP inter-ractonal chest wall motion was 2(50=1.4)mm. The
sefup ermof was exciuded by aligning adjusting he images acconding o
he fekd shape.

Suggestions for future improvement

Running cables for the device needs to be improved,

(LCD screen solution from a couch mount?)

« Extended plastic tubing so beam attenuation is less of
an issue?

+ Mouth pieces with different sizes.

= Mose plug vs. nose clip?
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Conclusions Acknowledgement

* There are clearly clinical needs for left-side breast

Physics group: Physician group:  Therapist group:

radiation with respiration control. Benedick &, Fraass Howard Sandler Troy Gustafson
| Elizabeth Mckenzie Michele Burnison Tai Mguyen
.
Different technologies are available on the market to ¥amg Yue s Mirhadl Sinead Hochberg
achieve similar goal. Robert Cook Behroo: Hakimian Bab Alagala
Kai Huang Steven Shlao Tim Labelle
+ Different factors are considered in choosing a technigue Robert Wallace Richard Tull
. Mancy MoCreary Robart Beznik
for your center, [accuracy, external vs, internal, how easy Lela Semaan

Mawwell Schulz
to use, budget, etc.)

Thank you!
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Tneisha Haddock, BS, RT(R)(T)

Unconventional Immobilization Devices and Setups




Tneisha Haddock, BS, RT(R)(T)

Presentation Topics...

= Pre-simulation and simulation process
» Owerdll steps

Unconventional Immobilization = Communication belween Doctors and
Devices & Setups Simulation Therapists

 Unconventional set-ups and devices, including
some rare diseases

+ Main point of inleras!
Toeisha M. Haddock

BS, RT (RNT)

= Department Communication
» Simulation therapists, freatment therapists, and other

Duke University Hospital involved patient care providers
Pre-simulation process Simulation process
= Communicalion between Doctors & Simulation = Sel palient up & construct device
Therapists + MD Order

+ MD Order
@ Mark patient appropriately
= Room preparation
* Necessary suppes = Scan pafient with approved parameters
+ MDD Crder

Call other necessary personnel
+ Dosimetry, physics, treatment therapists

= Planning Documentation

» Treatment checklist & planning picitures
& Patient education

» What is to toke place at time of simulation

Communication Between Doctors and Communication Between Doctors and
Simulation Therapists Simulation Therapists
= Heclronic Medical Record [EMR) = Hecironic Medical Record (EMR)
+ Twe Used in Radiation Oncclegy + MD Crder
= Ang- Departmental = Lecated in Aria
MO Cder * Detailed physicion’s prescripfion for the patient’s setup fo
achieve optimal reaiment ond palient care
Tcaliveont hiac o) « Addilional detailed sefup comments can be added 1o the
PR notas secticn
i - Resident, Attending, or Physician’s Assistant can enter the form
Joumal -ﬁﬁiﬂd’l‘lﬂ mus approve belone Smulalicn
* Part of the Pre-simulaticn & simulaticn processes

. Epi::-he ivaraity ke Syt « Koy form of departmental communication




MD Order Document

Special Notes

L7 P T 1 CPOet, vt Bk T 1 ool ' I | Tiiew ool e |
il
P will need sssistnnce on amd off the table, Need
1o raise & frop nght leg, lefl lep straight. P can not bend
left leg. 1 em margmn around keft moer thigh scar and cover
cutlined area with lem bodus, May wse alpha cradle or

S

Unconventional Devices & Setups

& Anatomy/Areas Covered
+ Exiremities

+ Breast
» Body (upper, mid, & lower)

» Head & Neck

9:45am - 10:30am
Unconventional Immobilization Devices and Setups

Immobilization Choices
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Unconventional Devices and Setups

= Goal

+ Show and discuss immobilization devices that have
been created for certain types of diseases, body
types, body areas

+ Unfamilior Devices
+ Combination devices

+ Inferchongeable devices

Unconventional Devices & Setups

= Types of devices used
+ Muififix

» Moldcare
¢ Alpha Cradie, Body Fix, and Yocloc
» Orfit

+ Agquaplast sheets

+ Shyrofoom
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Unconventional Devices & Setups Multifix

o Multifix Overview

» Commaonly used for extremifies
The patient can be positioned prone, supine, head-
first, or feei-first

+ indexed carbon fiber multifix baseplate fo ensure
accurate placement

- Individual posicasts are indexed on baseplate

« Water bath is used fo scften the thermoplastic posicast
o conform to patient's bady

+ Mold bolus inside posicast to ensure accurate daily
placement

+ Takes moments to dry

+ Eose of use

¢ Lise aother than for extrermity

Unconventional Devices & Setups Unconventional Devices & Setups
= Multifix-Forearm = Mulfifix + Styrofoam - Right Leg (Darire's Disease)

Unconventional Devices & Setups Unconventional Devices & Setups

= Multifix + Aquaplast + Moldcare + Styrofoam- & Multifix + Bolus + Styrofoam — Right Lateral Knee
Left leg with left foot immobilization
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Unconventional Devices & Setups Unconventional Devices & Setups

= Multifix + Breastboard - §'clav Chin Strap/Breast = Multifix + Breastboard - §'clav Chin Strap/Breast
Unconventional Devices & Setups Unconventional Devices & Setups

= Moldcare Overview = Moldcare - Typical Head & Neck

+ Commonly used lor head and neck set-ups, for
customized heod support

¢ Used to hold belus in ploce
» Can be constructed to be a customized headholder

+ Tokes longer fo diry
+ Ease of use

+ Use other than for head & neck sel-ups

Unconventional Devices & Setups Unconventional Devices & Setups
= Moldcare - Left Leg/Inner Thigh = Moldecare + Bolus - Left Leg/Inner Thigh

T e
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Unconventional Devices & Setups
= Moldcare + Styrofoam - Right Pelvis & Leg

Unconventional Devices & Setups
= Moldcare + Styrofoam — Right Pelvis & Leg

Unconventional Devices & Setups
= Moldcare + Bolus — Left Upper Elbow/Arm

Unconventional Devices & Setups
= Maldeare + Orfit — CSl (craniospinal imadiation)

Unconventional Devices & Setups
& Moldcare - Right Bicep/Upper Arm

Unconventional Devices & Setups
= Orfit + Styrofoam — C3l (craniospinal imadiation)

<




Unconventional Devices & Setups
* Moldcare + Styrofoam + 5-Frame - Head & Neck

Unconventional Devices & Setups
® Moldcare + Breastboard - Breast

Unconventional Devices & Setups
= Breast Alpha Cradle - Breast

9:45am - 10:30am
Unconventional Immobilization Devices and Setups

Unconventional Devices & Setups

= Moldcare + Balus + Long Frameless Mask - Head

& Neck + Righl Shoulder

Unconventional Devices & Setups

= Alpha Cradle, Body Fix, & Vacloc Overview

+ Commonly used lor patient’s body immaobilization

+ Use other than for body set-ups

+ Canuse same device on different anatomical areas
+ Stable & precise mold for patient's position

+ Alphao Cradie is not re-usable, uses chemicals

¢ Body fix & Vocloo are erwironmentally fiendly, easy fo
clean, re-usable, easier on patient's and therapists to
make, Uses a vecuum

Unconventional Devices & Setups

= T-Bodyfix +15 Degree Shyrofoam Wedge + Clear

Wingboard - Breasl
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Unconventional Devices & Setups Unconventional Devices & Setups

= T-Bodyfir +15 Degree Styrofoam Wedge, Clear = T-Bodyfix - Pelvis/Sacrum
Wingboard - Breasl

Unconventional Devices & Setups Unconventional Devices & Setups
= Pelvic Alpha Cradle - SBRT Prostate = Pelvic Alpha Cradle- Size Difference

Unconventional Devices & Setups Unconventional Devices & Setups

= Short Bodlyfix - Right Groin/Pelvis « Short Bodyfix - Anal Treatment
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Unconventional Devices & Setups Unconventional Devices & Setups
& Pelvic Alpha Cradle - Anal Treatment & Pediatic Cradle — Pedialric Abdomen

Unconventional Devices & Setups Unconventional Devices & Setups

= Short Bodyfix - Pediatric Abdomen = Decubitus Cradle - Right Abdomen/Appendix

Unconventional Devices & Setups Unconventional Devices & Setups
» Decubitus Cradle - Right Abdomen/Appendix = Vacloc + Wingboard - Esophagus & Thoracic

SHH
' W
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Unconventional Devices & Setups Unconventional Devices & Setups
= Vacloc + Wingboard - Esophagus & Thoracic = Vacloc + Prone Face Positioner — Right Bicep/
Spine Arm .

Unconventional Devices & Setups Unconventional Devices & Setups
= Arm Alpha Cradle - Right Forearm = Arm Alpha Cradle - Right Forearm

Unconventional Devices & Setups Unconventional Devices & Setups

= Arm Alpha Cradle - Right Bicep & Orfit Overview
= + Commonly used for head & neck immaobilization

+ Used to hold bolus in place

« Can be prone. or supine
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Unconventional Devices & Setups Unconventional Devices & Setups
= Bolus + Swim cap - Supine Scalp W g)mT + Bolus + Swim cap + Moldcare - Supine
calp

Unconventional Devices & Setups Unconventional Devices & Setups
= Moldcare — Supine Scalp Headrest & Orfit + Bolus + Swim cap — Prone Scalp

Unconventional Devices & Setups Unconventional Devices & Setups

= Orfit + Bolus + Swim cap + Prone Face rest - » Aquaplast Sheets + Bolus + Accufix - Supine
Prone Scalp Fosterior Scalp




Tneisha Haddock, BS, RT(R)(T)

Unconventional Devices & Setups
= Aquaplast Sheets + Bolus - Supine Posterior Scalp

Unconventional Devices & Setups
= Orfit + Bolus - Right Forehead

Unconventional Devices & Setups

= Aquaplast Sheets + Bolus + Orfit — Left Neck/
‘Mastoid Process

o

Unconventional Devices & Setups
w Orfit + Bolus — Right Nose & Left Lateral Neck

Department Communication

= Planning Documeniation
+ Treatment Checkiist

+ Planning Pictures
= Alerts

& Journal Notes

Department Communication

= Planning Documentation
+ Treatment Checklist
+ Detoded simulation set-up notes

« Exira notes concerning the setup are written here-in
addifional notes

« Who completed the simulation if questions arise

* Found under the "Documents” seclion

* Dosimednists & Physicists maoy clko use this for planning
purposes and to enter information infe RT Chart for
freatment set-up




Department Communication

@ Planning Documentation
+ Planning Pictures
« CT 0 pictures
* All pictures that may be needed for set-up

= Cfther noles can be odded separaiely to the piciures if
needed

Department Communication
= Alerls
» Entered by anyone

» Reminders

« Part of set-up notes

Department Communication

= Alerts

EE e ek Fu i
=1 L_COse 3
& P ] e = i

9:45am - 10:30am
Unconventional Immobilization Devices and Setups

Planning Documentation

Department Communication

= Alerls

m =

R p—— e I Pl —
= 3 —_——— e ——

Department Communication

& Journal Notes
» Entered by anyone

+ Reminders
¢ Location of immobiization device made ot simulation
+ Motes pertaining to patient care

¢ Treatment comments




Tneisha Haddock, BS, RT(R)(T)

Department Communication

& Journal Notes

Thank You For Your Attention

Take Away Messages

= These are not typical setups and will not work for
every patient

= Mot all setups are universal

= Patient centered

= Taillored to freat affected body area and patient
condition

@ Orfit = doctors main choice but can use others
& Don't be afraid to think outside the box &
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Omar Zeidan, PhD, D.A.B.R.

In Search for the Ideal Proton Therapy Immobilizer -
Evaluation Study of Intracranial Immobilizer
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m Disclosures ﬂhh“\.x

. |

Mo financial disclosures

In Search for The Ideal Proton |

Therapy Immoblizer = An * The material presented in this talk is based on clinical
Evaluation Study of . 7"‘“ E?ti;erlence at the ProCure Proton Therapy Center = Oklahoma
Intracranial Immaoblizer i L_. FHEﬂlth

CANCER CEMTER

ORLANDO AL * Feel free to contact me about the material presented in this
talk:

Omar Teidan, 5o nam | Chmasr Toviclan, 90 0, Dbt

Chied, Privteos Thiragy Py

T, Priton THeeipy Plyiics UF Health Cancer Cemer - Orlandds Health
Do Fridon @ Oasdobealth, com

E CiHealth

m Outline . m Significant and unmet need for protons

Uiging exiting profocals, protons would bemefit > 250,000 patienty/year
Status of proton therapy in the US bk EMERY. ONBT I A IR s 0

+ Treatment room design and the impact of imaging capability on N =R e
immobilization Cirban radlarisn sk | Aol srved

._J;L

E e S (e T e e m— e i F7C i e D

Importance of good immaobilization in PT for intracranial
treatments

How to do an independent evaluation of immobilization and
recommendations on improvements

a

B g .
roton Centers - 2014 m Multi-room Centers

FROTON THERAPY CHNTEMS . = mop | = e .-
! R o s
Rl = 1 =15 &0
- . i I]I _!._ 1 1 -
N el R - [
r""_""ﬂ 1 : ---"I
E |E L
4\-- T e
i 1 |1 -
r-.-.—-.d- i ff ;"

s -\.n.f Ramadas

o Mt Asarartices. - Broaes Thaerepy — =
B sl e




10:30am - 11:15am
In Search for the Ideal Proton Therapy Immobilizer - Evaluation Study of Intracranial Immobilizer

m Single-room Centers (compact gantry) ! m Treatment Room Components !

A Fmsaer i

In Develapment

Uibeskh

m Operational Challenges ! m Operational Challenges !

Single-Room Conter Multi-roam Canter Single-Room Canter Multi-room Centar
Dperates ke a corventional linac = Beam pregaration is long = could be Robat, Ganry, Ssout motions are Rebat, Gastry, Snoutl motions &g
b preparation tene i relabivly small  several miruiets dus to beam sharing refatively thw nelativaly show
{n beam sharing}

vipd ing i & chslang VelLmatnz imaging o & chalisngs
Bequires mone robotic oouch kids — Full gantry Focems reguire kess couch kicks {technalogy & workflow] {technology & warkflaw]
mafe imaging @nd less imaging

Less imaging degresy of fresdemn (2-mxis  Mons enapeg degress of fresdam [3-azs
maging]

i Uibeskh

Uibeskh




Omar Zeidan, PhD, D.AB.R.

m The ideal treatment requires precise, accurate,
and reproducible positioning at all times

Localization Immobilization
Can anly be quantified Should be quantified at all tires:
iin & snapshaot of time intra- and inter-fraction

E OFHealth

m Evaluation of Immaobilization Quality in PT

Basic assumptions:

Rabotic couch mation has sub-millemeter sccuracy

Imaging and radiation socenter congruency is sub-rmillimter far all
couchfgantryfsnout positional combinations

Image fusion quality and reproducibility is user independent

Perfect Positioning & Localization

E UFHealth

m Mask intra-fraction monitoring

s 18 oo

'_,il:'i.-[m'l_lh

m Imaging & Immobilization

Less imaging means more efficient treatment — a robust

immobilization system is needed

Maore imaging — more accurate localization but longer time for
patient on couch

Throughput is an issue in proton therapy centers- on average 10

minutesbeam

Goal; image once at setup and trust that immobilizer system to
keep the integrity of localization for the rest of the treatment —
should not be that hard for intracranial treatments...| or is it?

m Importance of Intracranial Immaobilization in PT

k

m Mask inter-fraction monitoing




10:30am - 11:15am
In Search for the Ideal Proton Therapy Immobilizer - Evaluation Study of Intracranial Immobilizer

== Immobilization '5_0"|1_F part of the eq_uatlcn. ! = Welcome to the Era of Personalized Immaobilization !
What about localization technology in PT?

ﬁ In-room lasers
JCT
- CBCT
- Portal Imaging
- Fluoroscopy
= WIVCT
o Digital ¥-rays
1 Surface motion tracking
< Internal tumor tracking

- Gating |active and passive)

{UFHealth
A ety exinting B seliable e hrslogy —

m References ! m Acknowledgements !

= Wen Hsi, PhD - Mclaren Proton Therapy Center, Flint, M|

= Therapist and Physicists at the ProCure Proton Therapy
Center, Oklahoma City, OK

i UiHfesth h Ofleath

mm Thank You !

Questions?

UFHealth
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Maryse Biron, M.Ed., RTT & Tricia Lamore, RTT

Therapist Perspective on Treatment Delivery (Past/Present/
Future)




Maryse Biron, M.Ed.,RTT & Tricia Lamore, RTT

Fletcher Allen Health Care
Burlington,Vermont

A therapis perspeithve on treatment delivery

T Rt - . T

TeS I LR L WART Ay
e T ¥ TaTel.TaTrT
RIS IR W
Maryss Bren, M. Ed, BTT
Tricha Lasncrs, BHTT

A Historical View

Goals and Objectives

Historical review of Radiation Therapy
¢ Radiation therapy

Al mid-1980" 5
« Immaobilization, technology and treatment

deliver
¥ What we had and
didn’t have

Industry changes and new technology

Simulation &
Immuobilization

Simulation

Simulation was real

Simulation without
lime

flouroscopy

= Knowledge of bony
and external anatomy

112



Immobilization

Treatment Delivery

Hand Bhocks

£

Sandwich trays

Exposura

S
.

Simulation

= Simulation with
Flouroscopy

X ray exposure

11:15am - 12:00pm
Therapist Perspective on Treatment Delivery (Past/Present/Future)

Imaging and Technology

On to the 1990’ s

« Simulation
Immobilization

“Treatment units

Immobilization

Breast Board
* Head and Meck
Chemical molds

¢ Mantle & CNS

113



Maryse Biron, M.Ed.,RTT & Tricia Lamore, RTT

Breast Board Immobilization: Head & Neck

One size fits all

Not indexed

Immobilization: Alpha Cradle Prone CNS

. I

Treatment delivery Upgrades to Linear Accelerator

Beamstapper e - MLE
Cerrobends
Independent laws

< |lmaging .MV only

Heustis film holder

14



Imaging and Technology

* Record and verify

« Imaging

Simulation 2000’s

Simulatien Visit to CT

fj p

w

-

~—
.ﬂ-
L
")

HEAD POSITIONING

11:15am - 12:00pm
Therapist Perspective on Treatment Delivery (Past/Present/Future)

NEW MILLENIUM

Immobilization devices 2000’s

Fl

BREAST BOARDS

115



Maryse Biron, M.Ed.,RTT & Tricia Lamore, RTT

Treatment Treatment

¥ 5; - E “Wedge orientation

“IMRT

Paper chart

“Poor man” IMRT/ multiple
fields with cerrobend blocks

Imaging Technology: Framed SRS
<MY K-rays

Immobilization
Simulation

= Treatment

. 2005...
Quality Assurance Simulation

« Simple

« Energy output
How did simulation

“ Doorinterlocks change?

116



11:15am - 12:00pm
Therapist Perspective on Treatment Delivery (Past/Present/Future)

Immaobilization Treatment

Electronic charting

¢ Custom headrests “golden moment”

-

. BE“'Q,I' board é\-r
« Vac loks ' ¢ New facility

>

Imaging Technology: Vision RT

o KV x-rays
o CBCT

¢ Ultrasound

Technology: SABR Technology: Frameless SRS

= Immobilization L
« |Immobilization

= Simulation

S . PR « Simulation -
C ]
« Treatment . l d
« Treatment Lo
it

117
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. Tomorrow- Where are we headed?
Quality Assurance

« Complex

* Energy output

« Door interlocks

* Ultrasound

= lmaging & isocenter confirmation
Vision RT

Tomorrow Acknowledgments

Immobilization Thank you to the Radiation Oncology staff at
« Treatment Fletcher Allen Health Care including
Agility MLC physicians, physicists, dosimetrist and
therapists,

YMAT
4D CBCT/ Adaptive therapy

SABR bﬂd'lp'.:'n'” SION RT LINTV [_H_qnﬂr
2o ,ﬂ. VERMONT®

¥ermont's Acodemic Medical Center
« Treatment planning
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Thomas Jozwiak, RT(R)(T) & Rediet Gebremichael, BSRT(R)(T)(CT)

Eradication of Ambiguity in Radiation Therapy — Start in
Simulation Procedures




Thomas Jozwiak, RT(R)(T) & Rediet Gebremichael, BSRT(R)(T)(CT)

= am-bi-gu-i-ty - noun

» doubtfulness or uncertainty of meaning or
B IR N R ok L ol e o intention
AR TR 1 P el WA A Enunﬂ|earlﬂdéﬁhltelvﬂgue

=IRIS VAT LY CSIRAT IR ATIAAN]

A PSS AT AR A AR BT T TR

Rl WIS BTN AN WP FUYIEINA R 0 Y

PN W LT DRV S TN

s eTaleal™ulBl=] -
AW W W

Rediet Gebremichae! B.S. R.T. (RNTHET)
Thomas.Jozwiak B.S. R.T (RKT)

MDAnderson

Making Canorr History'

B L T

sim-u-la-tion - noun

« Imitation or enactment, as of something
anticipated or in testing

« The act or process of pretending; feigning

= An assumption or imitation of a particular
appearance or form; counterfeit;

Objectives

The impact of simulation during the
course of radiation treatment

Site specific simulation procedures |/

devices

The needs and limitations:
Patient
Physician
Therapist

How is radiation understood

122



Era of Cobalt-60

As early as the era

of Cobalt-60, image

quality was poor

= owing o low contrast
res Ji'.mg from the
higher baam enargy
and poor resolution
due to the large
SOUTTE SIr

Little Info about UTMDACC

Radiation Oncology Division
62 Radiation Oncologists
26 Radiation Oncology Residents
27 PA's | APN
49 Radiation Oncology Murses
66 Medical Physicists (V0% PhD)
50 Certified Medical Dosimetrists
112 Radiation Therapisis

1:00pm - 1:45pm
Eradication of Ambiguity in Radiation Therapy - Start in Simulation Procedures

Early systems had

problems

= slability

* lack of coincidence of
e HMEGING

« lreatment sources
locations

The current expectations for the delivery of XRT

Tighter treatment margins
ETT AT
CBCT
CT on Rails
VIMAT
Ultrasound
Breath hold
4D CT
PETCT

MRI's for Gamma Knife

Patient Care

MNew Patient Census (PTC & RCCs included). 8,110
= Daily External Beam Treatments 750 (+/-)
Total External Beam Treatments 154,250

123



Thomas Jozwiak, RT(R)(T) & Rediet Gebremichael, BSRT(R)(T)(CT)

Equipment Comatt 6 One more type of simulation

21 Linacs Orthovoltage “ Clinical set-up
5 True Beams Acuity

10 CT Simulators OBl

1 PET CT Simulator Gating / DIBH

2 CT on Rails BAT / Sonarray

V-Mat RT Vision

Gamma Knife ExacTrac

Brachy Therapy (HDR's) Mosaig

Proton XRT & Clinic Station

Gather information about patient

— General Considerations

AR
- Cunaigawrs pnd Censsrs
g o R Fini el Coniibiogy  tras
[ — [
pr——— T
DI FAT S B, e e S g b i b b (s o e Patient's Comfort
Trag it it Aot P i e e, P, e . Gam ks ' -
e e B e e e e Reproducibility
A T L T
Tt and § ree thaars i arw et wiih H Sasbmend, i S roerend b A
T, Age
T — -
e e e L g Ao it Ly P s General Health
e B
Site
L et Pt b Ly it 8 el b i b Treatment Site

F— - [—— Length of treatment/Simulation
Anticipated Beam Orientation

]

B s o o o P 4 ) o R e e g ity b

AL M I, VB | o S I o, £ o AL 1 e S

B 1 Prries
B 1 Comaa e Fragnss
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1:00pm - 1:45pm
Eradication of Ambiguity in Radiation Therapy - Start in Simulation Procedures

Patients Condition Patient Preparation

In-Patient and Out-Patient Obtain Patient's Medical Record Card
ICU Face photo
Sedation Contact numbers
Anxious
Fear
Paralyzed

Time of treatment preference
Explanation of procedure
Question and answers

[ "i":'; = b el s PP TR Y

ITELTTEIETEETE - L




Thomas Jozwiak, RT(R)(T) & Rediet Gebremichael, BSRT(R)(T)(CT)

Room Preparation

Have all possible materials available for quick
access

Each set-up is sight specific and depends upon
physician's preference and patient limitations
Make sure the laser system is on

Ensure patient is properly gowned, jewelry /
dentures / hearing aids, etc. removed for
specific treatment

Site specific immobilization devices

CNS

Head and Neck
Thoracic

GuU

Gyn

Breast

Other

CNS - Alignment

Patient supine, pad on table, reg hh, clr
Bineutral), mask, arms across chest
holding A bar, wedge knees.

Align head — use lasers to dissect face
sagittally at glabella, nasion, and mental
protuberance. Transversely, align laser to
the orbital margin. Coronally, raise table
to level of EAM.

Use a marker to dot in the 3 points on
face.



1:00pm - 1:45pm

Eradication of Ambiguity in Radiation Therapy - Start in Simulation Procedures

CNS - Making Mask and Scanning

Drop mask and do the scout film

While waiting for mask to soften, (4 min)
make sure patient's head and neck are in
alignment and repeat if necessary

Place mask over patient, clamp down
securely, and contour around face and
head.

Fan, dry with facecloth, using lasers place
tape and 3 bb's- 1% at the gtl)abellz_l, then in
alignment with the center bb at mid-depth.
Scan vertex to clavicles, make sure bb's
are in same plane (slice) and mark
patient's mask.

HEAD
AND NECK

Custom Devices

2%
N

P

= Some patients require special devices to fill
cavities,

position the tongue for treatment,

« or create larger distance between normal tissue
and treatment volume.

HEAD AND NECK

Bolus- Bees wax

127



Thomas Jozwiak, RT(R)(T) & Rediet Gebremichael, BSRT(R)(T)(CT)

H/N Alignment for IMRT Treatment

Patient supine on table, specific device
mimask, headrest to fit patient,

s at side with foothoard set at
77,(0rfit footboard for sim only) wedge
knees, (stent/bolus if used), marks for
alignment, tegaderm.

Align patient same as CNS patient, but
more attention must be given to get the
body in alignment with head and neck.

The RPM tem for respiratory monitoring

Making Mask and Scanning

Definition of respiratory phases

0% 20°% 40% 60% 8%
10% 20% 50% T0% BO%

0% = End Inspiration

50% = Near End Expiration



1:00pm - 1:45pm
Eradication of Ambiguity in Radiation Therapy - Start in Simulation Procedures

General approach to 4-D
Image acquisition

rﬂeﬁﬂﬁiéﬂage R R O options improving the acquisition of 4-D
Reconstruct the image data at specific phases CT image data sets. Including both cine
in the respiratory cycle for each patient and helical acquisition modes.

:gz?r:::i:é image data at same phase from e e aatoraaniinaica

several respiratory cycles. approaches at MDACC

Result: A series of 3-D CT scans each

representing a different phase in the

respiratory cycle.

4-D image acquisition

Several companies are developing

i et Mg Bt Example: a 4D dataset shown at three planes
» CT images acquired ower compiete [h rU'Ugh thE GW

resparalary cycles

Shde courtesy of Tinsu Pan PhuD., UTMDACC

Result of 4DCT

Patient breathing requirements for
good 4D imaging

Breathing must be regular — uniform in
time and amplitude from cycle to cycle to
ensure phase consistency.

Respiratory cycle must be shorter than:
Helical: the time it takes the table to move the
detector array width
Cine: the acquisition time at each couch
position.
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Bellows

4D poor sampling results in missing data

¢ For either cine or
helical:

Phase-based binning
assumes reproducible
displacement

« Mote slight displacements
in patient anterior surface

ISO placement

4D poor sampling results is a poor
phase match

+

G Gl G Gl G

Patient training procedure in
preparation of a 4D scan
Explain to patient nature of breathing
procedure — need for consistent
breathing pattern
Maenitor patient breathing pattern using
RPM™
Determine respiratory rate (used to set
scanner pitch)




1:00pm - 1:45pm
Eradication of Ambiguity in Radiation Therapy - Start in Simulation Procedures

Patient coaching (4 approaches)

Patient Video Feedback Devices

Do nothing — many patients breath best
by being relaxed and not thinking about
breathing.

Pre-imaging relaxation and coaching —
wiorks for many nervous patients.

Audio prompting: Works best to modify E
breathing rate, but makes nervous ,,.

patient more nervous. (nonverbal audio

device shows promise for these patients) The patients breathing motion can be fed-back
Video prompting: Helps patients who to the patient along with a target amplitudes fo
breath irregularly in amplitude. help improve the quality of 4DCT imaging.

Important - full bladder/empty rectum e
P . IS Immaobilization

Med-Tec Device
Mini-CT Scan

2.5mm slice thickness

Bladder volume

Rectum volume & position
Rectal balloon

Prostate/fossa position
Fiducials

Iso-center placement

Hydrate Body

Eat light meals

Avoid fresh fruits, vegetables, beans and dairy products
30ce Milk of Magnesium

Fleet Enema

Expel all gas prior to simulation/treatment
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Prostate balloon immobilizers
Bladder Scanner

Volume recorded in IT'IGSEqu Immobilizes and conforms to the size of the prostats
Locahres the prostale and push bowel and sigmasd away fram il
FU"‘CT S'Cal"l Balleons are inseded rectally
Lz'mid fE'.'rTIUI' = Blue line musl face anterior ko the patent
e = Filled with Elce bo 100 ce of H20
Verify iso-center One use anly
Skin Markings

Tattoos

PROTOCOL

Evaluation of & rectal insert as a potential internal
immaobilization device to improve dosimetry in prostate
cancer radiotherapy (LABOS-0546)

Q

i A

._'_p ’

: wan Lin et al, LIROBP &3 (2), 2008 ppS65-578

Inguinals
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1:00pm - 1:45pm
Eradication of Ambiguity in Radiation Therapy - Start in Simulation Procedures

Simulation:
_Bre‘ast Set-Up and Equipment

Pabent postioned in a Vac
k™ immobilization device
and an an anghe board
Angle slants of 5°-20
® prevent breast tissue from ‘
riding above clavicle
® decrease skin fold al
nframammary sulcus
Pabent's arm on affected side
raised above head
Pabent's head tumed away
froem affected side

Prone Breast Radiation Treatment
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Breast Cup Paddle Arm

Reshapes the breast .
=Eliminates inframammary folds Paddle Holder|
*Reduces dose to the lungs, heart and ribs l
«Accurately reproduceable

Treatment approaches

Photons / IGRT / IMRT [ 3D plan
» Electrons

Protons
» HOR
o Slereo

sAccalsrated parkal braas! imadiafion is a hype of mdiation therapy that delivers
rackation from within ha Braast

*It i done afler a lempoectomy and ublces the canaty left behend after ho tumor is
removed

«APHI uses thes camty Io delroer radalion deeclly o the lissue surrcunding the cavity ’
where resicual cances s mosl likely 1o be present o 4 Fx/10Fx

= Gama Knife

o Hypo Fx's

= Rapid

» 1 Shot
Palliation

Thania = Knfa and Km
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1:00pm - 1:45pm
Eradication of Ambiguity in Radiation Therapy - Start in Simulation Procedures

Prostate Plan Lung Plan

L—

7Y Old ;
Photon Composite paia Proton Composite

Physician needs and limitations Patient needs and
for the patient treatment limitations for the treatment

» Dose escalation o Comfort
o Easy access

= Larger target volumes vs tighter
treatment margins

= Sparing more of healthy tissues
» Multiple ISO's

2 Modesty

o Easy way of getting in or on to the
immaobilization device
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Therapist needs and limitations
for the treatment

Time constrains

Set-up note to complex

Manageable reproducibility of set-ups
On occasions working alone

Ultimate and poor immobilization

Conclusion

¢ Simulation is one of the most ... ..
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Doug Martin, MD

BRACHYTHERAPY WORKFLOW
RADIATION ONCOLOGY

Doug Martin, MD
Clinical Director
Radiation Oncology

James Cancer Hospital and Solove
Research Institute

. .
e e 5

INTRODUCTION

« Imaging
— Types of imaging used
— Benefit of each type of imaging
* MRI, CT, and US
+ Pt positioning
— Critical for applicator placement

— Critical to minimize changes, ensure tx delivery
accuracy

. .
e e 5

CANCER CENTER OVERVIEW

= 1 of 40 institutions with NCI-CCC
designation
— Held since 1876
- Original 8 in 1973

— Midwest’ s first and Ohio’ s only freestanding
cancer hospital

= OSU is the largest university in the country
* One of 7 NCl-designated Phase | Centers

rgh“*hmﬁ o

INTRODUCTION

+ Review the history of brachytherapy
+ Review of types of brachytherapy

— Diseases treated

-~ Types: HDR, LDR, pulsed rate
+« Teams involved

- Rad onc team members

— Surgical team members

— Hospital: Inpt, Anesthesia

¥

INTRODUCTION

+ Most common brachytherapy cases

— Prostate implant

— Gyn Onc intracavitary

— Gyn Onc interstitial

Improved/modified procedures in new department
= Summary

Questions

-

. .
e e 5




Radiation Oncology Resources

Current Department:

1. Linear Accelerators x 4 (3 Siemens, 1 Truebeam/STX)
2. Gamma Knife

3. Simulators: CT x 1

4. Operating room = BRACHY Suite

New Department:

1. Linear Accelerators x 7 Truebearms

2 Simulators; PETICT, CT, MR, shelled space for TMRIPET
3. Operating room = BRACHY Suite

4. Gamma Knife stays in same location

RADIATION ONCOLOGY DEPARTMENT

|
S AR R H@

[ .

1:45pm - 2:45pm
Brachytherapy Workflow in Radiation Oncology

DEPARTMENT OVERVIEW

15 physician faculty

— 5 physician scientists

10 medical physicists

10 research faculty

« Training programs:

— Radiation Oncology medical residency
— Medical Physics residency

— Radiation therapist program

bt
(ElThe James L

STACKING DiAGRAM

PrejesiOhhy Rivades Had

Trucheam
SREEEBRT

15T MR

OR capabbo
brachy sulte




Doug Martin, MD

Brachytherapy
Bl a-‘ "'C HYTH E RAPY + Long history, first cases in early 1900" s
+ Utilization has been like a pendulum
+ Brachios (Greek) = “short distance” + Prostate cancer and Gynecologic malignancies

continue to benefit from brachytherapy and

= Implantation of encapsulated radicactive make up the majority of cases in most

sources inside/close tumor

: o ) o institutions
— ‘interstitial’ placing sources within tissue + Partial breast irradiation with brachytherapy
- ‘intracavitary’ within normal anatomic cavities applicators also in common practice

e sames 35

Gold Radon-Bearing Seeds Brachythera PY

+ Disease sites (almost any site):
— GL: prostate, female urethra, penis
— GYN: cervix, uterus, vagina, vulva
— EYE: ocular melanoma
— Breast: partial breast iradiation
— Head & Meck: primary or recurrent disease
— Sarcoma, Thoracic, Skin, Rectal, CNS, Gl



Types of Brachytherapy

+ |ntracavity implants
— Radicactive sources are placed near the tumor
{cervix, trachea)
« Interstitial implants
— Sources placed directly into the tissue (prostate,
vagina)
+ |ntracperative implants
= Surface applicator is in direct contact with the

surgical tumaor bed (soft tissue sarcoma) done at
the time of surgery

. .
e e 5

Brachytherapy Implant Duration

+ Permanent or Temporary
— Tempomary implants ane left in the body for mimstes up 1o several
days
= Palient may requing hospilalization during e implant
depending on the treatment Sile (¢.9., cenvix)
= Examples include low or high dose rate gyn implants and
high dose rabe prostate or breast implants
~ Parmanant implants release small amounts of radiation over a
peariod of several manths
= Palients receiving permanent implants may be minimally
radinacive and should avold dose contact with children or
pregnant women
= Example parmanent sead prostate implants

. .
e e 5

Brachytherapy Sources

Half-Life Mean p
Energy
lsotope | Ty | (keV)
Iridium-192 | 74.3 days | )
Cesium-137 | 300 years | 662
lodime-125 59.5 days a5

Cold-198 2.7 days
Radium-226 1622 years &30

Cobalt-6() | SJdyears |
Palladium-103 | 17.0days | 21
14.29 days

1:45pm - 2:45pm
Brachytherapy Workflow in Radiation Oncology

Brachytherapy delivery

* Low-Dose-Rate (LDR)

— Radiation delivered over the course of 48 to 120
hours or longer - Gynecologic, breast, head and
neck, and prostate cancers may be treated with low-
dose-rate brachytherapy

» High-Dose-Rate (HDR)
= High energy source delivers the dose in a matter of
minutes rather than days - Gynecologic, breast and
some prostate implants may use use high-dose-rate
brachytherapy

. .

Brachytherapy Source Production

* Radium was only naturally

occurmng radioactive material
used for brachytherapy

Maost brachytherapy isotopes

Source production typically
happens in a Nuclear Reactor
or Cyclotron

Team Approach

* Radiation Oncology Department
- Radiation Oncologist
— Radiation Physicist
= Brachytherapy trained Radiation Therapist
= Brachytherapy trained Nurses
- PCAs

+ Surgical Team = Urclogy, Gynecologic Oncology,
etc.

+ Anesthesiologist
+ Surgical Murse and Scrub tech
+ Inpatient nursing, pain team



Doug Martin, MD

PROSTATE SEED IMPLANT

= Treatment places 60-100 radioactive
seeds/pellets into the prostate

lodine 125 (T1/2 = 60 days)
Palladium 103 (T1/2 = 17 days)
Used alone for early stage disease

+ Used after modest dose ext. beam
radiation for higher risk prostate cancers

. .
e e 5

Meedle, delosering
smeds inlo piostiate

Cathater in wwthre

Tomplate 10 ald accurate
placamant o Bhe neadles
detvating the seeds

B ssnes

Uitranownd probe i rechsm
lor peedis guidance




Imaging guided planning

Taw Axlal DCE-MRI

TANDEM AND RING 45 DEGREE

Brachytherapy Workflow in

GYNECOLOG

CERVICAL CANCER
VAGINAL CANCER
ENDOMETRIAL CANCER
URETHRA- RARE

-

1:45pm - 2:45pm
Radiation Oncology

IC CA

Brve ores 5

Image-based Brachytherapy for Women's
Cancer

Multi-Modality Imaging
in Cervical Cancer Brachytherapy

Before therapy After § weeks of BT
M the ime of brachytherapy

Brachytherapy
dosa distribution (CT)




Doug Martin, MD

MR vs CT imaging

=

VAGINAL SqCCa

HDR VAGINAL CYLINDERS

60 yo female with distal urethral
adenocarcinoma s/p excisional bx




1:45pm - 2:45pm
Brachytherapy Workflow in Radiation Oncology

Patient positioning
= Critical for applicator placement
— Allow accurate placement
— Allow imaging during and after placement

+ Allows imaging with multiple modalities
and delivery treatment while ensuring
stable applicator placement

» Patient comfort/tolerability of procedure

"




QUESTIONS?




Notes
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ad anced education in patient positioning

Saturday, March 29, 2014
3:15pm - 4:00pm

Jordan Johnson, MSHA, BSRT(R)(T)

“It’s More Than Just Doing More with Less”




Jordan Johnson, MSHA, BSRT(R)(T)

IT"S MUCH MORE THAN ,
JUST DOING MORE WITH Overview

# Changes in Radiation Oncology
» Staffing
» Productivity
® Management
s Billing and Coding
= Marketing
» Legislation

Jordan Johnson, MSHA, BSET RT

Radiation Oncology Radiation Oncology

® At the core we are all in it for patient care ® Survivors
« Quality, accurate care Every Time at v ir peak in 1991
® Incidence @- prex d gr over 20 y 13 million
C 2012-13 5 | ]
6.44 million
7.24 million
to gro

ing
* Aging population

Dilemma What is BE:iﬂg Profitable

® We have better outcomes
@ We have more patients that need treatment

@ Definition has changed

: are increasing :

- el d " - Frome Purchasing

@ Capital is being contained . -

P i d i - . Owvertime

» Budgets being dialed back * Now

@ Reimbursement is decreasing ; bk o Minimize purchases

—mimr fe of equipment

» We all hear: maximize productivity, cut costs,
cut expenses, watch hours..... We have to be




Patients Struggle

& Ability to get insurance
+ Understanding insurance
& Access fo care
® Medicare
& LUncertainty
» Entitlermeant
@ The best care
@ Don't want to wait
@ Increased deductibles/ copays

The Change

@ Staffing

® Productivity

@ Management

@ Billing and coding

® Marketing

@ Legislative updates / involvement
= Patient input/ opinion

Staffing

@ FTE Calculations- constant review
5.7 x (30 or 31)= Divide that into your
productive hours

® Hiring

« Full ime/ part time

* Locums?

LEAN STAFFING:

3:15pm - 4:00pm
“It's More Than Just Doing More with Less”

Provider's Struggle

@ Continue to provide quality care

@ Reimbursement

@ Volumes

® Staffing

@ Medical equipment costs

@ Outpatient Services- operation hours

» Providers retiring and fewer coming onboard

® Patient accountability

» Educate patients

Staffing

® Who works in our department
@ Evaluate how they all work

* Teams

* s0lo

+ shifts

+ floats

* 8'svs 10's
@ Clinic Hours

Staffing

@ Overtime- does it make sense

« Why?

@ PRN's

« Amount of time they work
+ LUsing them more- trend

® Staying focused on the dept.

® Staggering shifts = Exempt Vs. Non Exempt
@ Cross Utilization I @ Types of Treatment- IMRT, SBRT, SRS
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Jordan Johnson, MSHA, BSRT(R)(T)

Staffing Staffing

@ Utilization of technology and techniques
= Rapid Arc /| VMAT

+ Dosimetry- segments, couch kicks, contounng tools
= Centralization
» Many of the linacs and R&Vs have time saving
features

+ May need licensing or commissioning
* End Result is to maximize use of productive hours

Staffing Productivity

) _ = Productivity Reports
@ Referral patterns- front desk / scheduling

Productivity

|
T/l |
welry

g ﬁm‘“’“‘%mﬂ%/ |




3:15pm - 4:00pm
“It's More Than Just Doing More with Less”

Productivity

@ Graph Indicators
= s may indicate patient issues

Inpatient wait time
Chemo
rhead tin
lumes
Change in patient treatment types
+ Can define normal ranges
« Annual patterns
You can't staff for what might happen

Productivity

@ Departmental Design
stical locatior
Minimize dist
* Distraction free

MNur
atient waiting rooms
On treatment
Consults

» Ex. Department & (

Management Management
; @ Contracts
+ Review them...By line item

Multi facility discounts
gth of contract
gle yea Multi Year
Contract rene
s. Buy (up front capital)
ntracts or aspects be done away

uld things be done locally

+ Fabrications igrade to parts only




Jordan Johnson, MSHA, BSRT(R)(T)

Management Billing and Coding

e ur charge master- current
« Timely billing
« Lind and technical vs. professional
+ Codes must be supported by di
® Quantities
« CCl Edits
« APC Packaging
® Are you part of a multiple site system

o

!

Billing and Coding
® Audits

oper rusl Ay e "

Recovery Audit Program
* Looking for fraud
® Have qualified professionals in the department

* Most importantly communicate

. ) Billing and Coding
Billing and Coding o Reimburcement

@ Relationship with Physician

did the work

: tit
n therapist and other staff
“We don't do I':li“il‘lg



3:15pm - 4:00pm
“It's More Than Just Doing More with Less”

Marketing
® Strategy

o Know your market ® Several Fronts
« Know your surrounding market

Legislation

* Departmental
® Analysis = Hospital
® What Sets You Apart + Physician
* Something or 2 Someone 34 @ Departmental
+ Create a difference « CARE Bill & MARCA
® Educate Community ' Federal and State level
* Sernvices ) - Patient safety and minimum standards
* Changes

HEHHEUE Legislation
® Hospital ® Physician
* Meaningful Lise . + Affordable Care Act
+ Affordable Care Act Increased volumes
State- coverage Paper work
= Sequestration- spending cuis Delayed payment
* CMS Reimbursement Cuts Fhysicians leaving
Benchmarks to recoup money » Reimbursement
» Hospital based vs freestanding
® Insurance ® Does this affect the way we care for our
* Pre authorization rules patients?
* Bundle packaging Coverage

Legislation

@ Getting involved
+ Read the emails

» Listan S . So does all of this effect the way
Media 2 . . P
Patients ——— we do things in our clinic?
+ Ask questions
@ Let Patients Know
+ Local articles
« Handouts
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Jordan Johnson, MSHA, BSRT(R)(T)

Direct Effects for Rad Onc Good Example

® Hypofractionation @ Dentist
» More patients to be reimbursed the same « Anyone been lately
® SBRT vs SRS = Cost
® IMRT vs 3d 5100 dollar extraction
' 51000 dallar crown
® Gating?

55000+ bridges
® How many Cone Beams?

® What happens if you can't pay
@ "*Treatment based on ability to pay?** @ Healthcare is the only field that what you

® What do you all think? bill and what you collect have no
relationship

More Questions Direct Effects for Rad Onc

@ Will this cause us all to spend less time, ® One thing will be for sure
energy, effort, and resources for each * The importance of immaobilization
patient? « Accuracy and precision
@ What will we be able to offer? « Will tape and velcro make a comeback?
@ Does it effect staffing? * Paid by devices we use
Simple, Intermediate and Complex

It iz all part of the plan
e 1GT

® Does it bring back cookie cutter
medicine?
« GBM Example

® Vendors become dynamic with us
* APC by diagnosis code

Making It Work

® Make some tough decisions
® Communicate

® Set expectations

® Monitor progress

® Be Dynamic

® Staff

® Equipment
@ Contracts
@ Facility

® Encourage ideas

o 11
» Bottom line...... quality costs money!!| ® Except some failures

* The government seems to mandate it
+ Our patients deserve it and demand it

158



3:15pm - 4:00pm
“It's More Than Just Doing More with Less”

Making It Work Making It Work

Clinic Time

ime on the other

* Reportable events and near misses

Ahead of the Curve




Notes




Notes







q‘g Patient ;;2%

ad anced education in patient positioning

Saturday, March 29, 2014
4:00pm - 4:45pm

Keith Crowe, Treatment Aide Lead

Orchestrating Better SBRT Positioning




Keith Crowe, Treatment Aide Lead
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Saillis Cannvions Coirine
Pedaton Cincology Sanioes - Sacmmonis

Frezsented a talk on "IMET Head and
Meck Immaobilzation” in Inverness,
Scolland May 2005.

Published article litled “Well Positioned”
and created "Smart Chart™
questionnaire for vendors on
immobilization devices in, ADVANCE for
Imaging and Oncology Administrators,
Cclober 200/,

Presented a falk fitled "Couchtop
Technology Impacts and Challenges for
the Future” at the Patient Positionin
Sympaosivum held af Walt Disney Waorld,
Flotida March 2009

SBRT - Sterectactic Body Radiatlion
Therapy

SABR - Stereciachic ABlative
Radiotherapy

RS - Stereotaclic RadioSurgery

Sutter Cancer Center Radiation
Onecology Services — Sacramento
Formerly Radiological Associates of
Sacramento (ROC)

25+ Years as a Palient Positioning Expert
Treatment Aide Position Similar to Mould
Room Staff in LK,

Sterectactic ABlative Radiotherapy - SABR

SBRT ' SRS

Enhancid radiation therapy lechnigue thal enables high
radiation doses o be precisely deiverad o primany lumons
and melastasis

Emeerging technalogy in cancer reatmen| offering less
invasive therapy compared fo surgeny with comparable
oulcomes (sile specific resulls panding)

Cten used for palients thal are nol surgical candidates

Treatment sites; lung, prosiae, fiver, spine, pancreas, ...




4:00pm - 4:45pm
Orchestrating Better SBRT Positioning

SBRT

We started up our 5BRT program in May
2008

High quality “Reguiar Linacs® with 7___& = - | Since then we have lrealed more than

advanced imaging systems — k 400 cases.
: .y > L The vast majorty of these are SBRT Lung

COse5

Specialty Linacas” (Cyberknie®)

In addition to Lung cases we have also
freated Spine, liver and Pancreas
These numbers do nof include 2000+
Gamma Knile palients.

The upper prece consisis

When wa started oul in 2008 there were very of  suare plate with 2-

faw SBRT immaobilization options. We locked at
fhe Body Fix systam but our stalf were not
happy with the process. There were other new p
systems being developed but we needead to e "IL_"':M'-J usmg an

gel crealive and come up with something in adjustuble 2-pin bar

the interint. o This allows for Left Right

adjustment. A 100 em x
T em Clenr Urethane
Vaguum Cushion s

pin indexmg snd a cher
Silvenman mounted using

plastic sorews. This is

We started by designing owr awn In-house “Split
System™ using ABS plastics and Nylon materials,
The use of plastic material would cllow us to :

: frmed over the plate
Uise Calypro and posidle ftura MR (patient anms up). The

considerations. ' device is taped together
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Keith Crowe, Treatment Aide Lead
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Constructed with ABS and Nylon. It is
designed to “ride"” along the couchtop
surface.

We also use PVC gulter pipe seclions
filled with Pelyurethane foam. These are
held in place with Velcro, The gutter
pipe indexes the cushion fo the plate.
A 100 cm % 70 cm Clear Urethane
Vacuum Cushien (lengihwise) is formed
to immokbilize the patient’s lower torso,

We designed our own Abdominal
Compression device using a blood pressure
cup and a plaslic plate to restrict patient
breathing. The blood pressure cup along
did not work and we needed fo be able fo
attach the device around the patient so
Velcro strap was chose |o gel the job done,
We had to'find o someone able fo sew a
scale 1o the Velcro strap material. We wenrnt
to lecal sewing shops unfil we found
someone able 1o do fhe work

Iression

Applind when needed (o reduce tumor mobion (< 1 .om)
Plasiic board wilh balt —

%)

RO Crnprenarn Eud

Blood pressurs cull wivdss baapd
Masded prassura daleminsd dunng

sim and recorded lor rsatment




Lurng furmions

couchiop. Of

micling. if the i

freatment couch gantry collisions con oocur,

It isimporfant to build any offset needed info the
SERT immaobilization device prior-to simulation,

Cur 3pif System wos designed to account for thase
shifts by moving the adjustable 2-pin bor [upper) and
positioreng the gutler ppe seclions [lowear].

Az %E‘F-Elﬂf rule the couchiop con me moved
laterally up to 5 em to.account for fumariocation
belore it crecies collsion Bues.

We shared this information with some
vendors bul none were willing o work wilh
us o make any design changes lo their
axisting SBRT systems
Working with G-fix they incomporated all of
these improvements info fheir Stradivarius
SBRT Systermn design.
Theze includs an odjiustabde braalning
compression plate and our idea for o Flared Full
Body Cushion,
G-Fix: okt odopled our Abdominal Compression
design,

YRl EAL)

Stradivarius board (WFR} aY ﬁ
Breathing compression "-J ' {

(Shown in off-centar position) 8

¥ !
Flared Full Body Cushion = ’ a"
; /

4:00pm - 4:45pm
Orchestrating Better SBRT Positioning

We looked al s
them failed to accoun the need fo posifi

patient off center tor treatment. The breathing
compression devices il inciuded wer stationary in
the ceniral axis and nof i Iy

All of the devices were overlay designs. This creates a
exiremely high “Build Up" effect.

We liked the ideo of o “fiored oul” whole body
cushion because lha reclangular design of the Body-
Fix didn't oliow for "arms up” positioning. MostSBRT
r:','e;a?n: uzed only lower fosa immaokbilization with o
simple wingboard for upper body.

Stradivarius SBRT
System.

CT Overlay [Right)
kWue Insart (Balow) v

Stradivarius Compression Arch
(CT Images)
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Adjusting Patient Positioning in
the Stradivarius Device

Inorder o avoid col ueswith the gonlry it is
imporiant fo buid in ffsets into the Full Body
Cushion,

The key odjusiment is o position the Siverman
Heaodrest comectly on the Wingboard. This will move
the patient opprosximately 4cm in any direction for
eoch hole locahton selechon. [SUP/INF and LT/ET)
Think: of the Srodivarius device os.a stolionory
rectangle that does nol move ond position the
patient within that box.

There is cpproxmatety a cmof iateral Coychiop
cdjust avaloble buf it is better tobuild fhis offsst info
fhe immobilizotion device ksl

The upper part of the cushion should be kept
INSIDE of the Wingboard area. Exceeading this width
will create issues with possible gantry collision

The: key hare i what we coll

“LONG AND LEAN"

This is impaortant tominimize possible gantry collisions
Using this technique we have used a stand alone Q-fix
fult body cushion in an MR| scanner on 2 different
CCCESIoNs

We have also used the Stradivarius SBRT Systerm on
our PET/CT scanner with great results (Minus the
Comprassion Arch)

The previous slide will move the patient
approximately 4cm to the left of midline
The patient should also have their position
checked to ensure that if the Compression
Arch i used it will be able to be clamped
onto the kVue Insert below the cutout area.
Move the Siverman Sup/inf to pesition the
patient in the desired position

The full Body Cushion can now be
constructed

Frior to pulling o vacuum on the full body
cushion the Compression Arch and Lower
Exiremity Arch should be placed inio
posifion

This ensures thal the arches have a clear
area to attach to the Insert

The Full Body Cushion can now be
evacuated,

The final step.is 1o make the Lower Extremity
Cushion. We simply embed the lower arch
into the cushion [no clips) It will easily press
inte posilion en 1he Linge




4:00pm - 4:45pm
Orchestrating Better SBRT Positioning

CDR system - Mayo Mold 7 CDR system - Mayo Mold
Singla use mold Singla uss mold

Oplional musk Optoaal sk

vl Lndbel T COR o pudar. aflnsfed B Fa —=al

SBRT Treatme

CDR system - Mayo Mold 4D large bore CT

Single id
D e Gated scan with breathing belt
10 phases; MIP ./ MinlP

Oplional musk

B
=
r -
- {

Work flow
40 contouring in Pinnacle
Untagged scan as basis for dose calculations
Hetsrogenaity comected (uniess required by protacol)
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SBRT Trealmeni Planning

Tumor mation

SBRT Trealmeni Planning

Tumeor mation

170

SBRT Trealmeni Planning

Tumeor mation

3
. &4
o

Stereotactic ABlative Radlation
- aka Stereotactic Body Radialion Therapy




Litra precise sterectactically deliverad radiation
Lses VMAT for delivery of radiation

Uses Calypso for lecalization and tracking
Uses Cone Beam CT for 3D 1ucallzal1-::n

SL]

—

-‘E

- Five Treatments!

el sl

VMAT

True Real Time Tracking
30 Image Guidance
Confirmation

Fast—15 min

Ok name

* Open Circle

* |ntermitlent tracking in 20

* Mo indepandent targeting
confirmation

= Shw—EBD to 90 min

* Cool Nama

4:00pm - 4:45pm
Orchestrating Better SBRT Positioning

Clinical trial done with;

- RAS Radiation Oncology Centers
- University of Michigan

- Washington University

- Fox Chase Cancer Center

- Cedar Sinai

Stage T1 o T2b
Gleason score 7 or less
PSA 15 or less

o i T

SABR IMRT/Calypso
Ultra precise = Highly Precisa
§ treatments = 43 Treatmenis

Some patienis = All patienis

17
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¥ apinls, Wy e e 1 fre -
&l nd administrators and wsed with their permission.
Cuality SBRT reatment requires highly accurate patient f -
Boaiening 4 Aovery special thanks to doerg Lehmann for

In arder 1 minimize gantry colisions immebilization SomMe o the amazing photos and
devices need fo bs animations.
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