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Dear Colleague: 
 
I am pleased to send you a copy of the “Jefferson Radiation Oncology Review”, one of our department’s 
newest publications which will be distributed on a quarterly basis, highlighting our recent accomplishments.   
 
I hope you enjoy our new journal and welcome your feedback. 
 
Sincerely, 

 
Adam P. Dicker, M.D., Ph.D., FASTRO 
Senior Vice President and Chair, Enterprise Radiation Oncology 
Professor of Radiation Oncology, Pharmacology and Experimental Therapeutics 
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In Memoriam, Carl Mansfield, M.D. 
 

 
 
 
Carl Mansfield, M.D. was the second chairman of the Department of Radiation Oncology at 
Thomas Jefferson University and an Emeritus Professor at the Sidney Kimmel Medical College 
(formerly Jefferson Medical College). Dr. Mansfield died at the age of 89 on January 11, 2018, in 
Philadelphia, PA. 

 
Dr. Mansfield was born and raised in Philadelphia, graduating from West Philadelphia High School 
in 1946. He procured a senatorial tuition scholarship and attended Lincoln University in Oxford, 
PA., majoring in chemistry and minoring in mathematics.  He then worked for a year for the 
quartermasters of the military and was admitted to Howard University, earning his medical degree 
in 1956. 

 
At Episcopal Hospital in Philadelphia, he completed an internship and began a residency in 
radiology.  He was drafted and assigned to Strategic Air Command Headquarters in Omaha, 
Nebraska, where, as a Captain, he served as the leader of the Department of Radiology at the air 
force base hospital.  Since this facility was regarded as a primary target of the Russians in the cold 
war, it was located six stories underground.  Dr. Mansfield returned to the Episcopal Hospital in 
1960 and trained there for a full year in therapeutic radiology under the tutelage of Dr. Simon 
Kramer, who helped secure a one year NIH fellowship for him at Middlesex Hospital in Great 
Britain.  Upon his return, he was appointed Chief of the Nuclear Medicine Division at Jefferson.  He 
was a diplomate of the American Board of Radiology and the American Board of Nuclear Medicine. 

 
Dr. Mansfield became an expert in breast cancer, developing an innovative technique of 
radioactive seed implantation.  In 1974 he became the first African American appointed to the 
rank of full professor.  In 1975 he became a fellow of the American College of Radiology (ACR) 
and was recruited to the University of Kansas as Professor and Chairman of Radiation Oncology 
from 1976 to 1983, where he further pioneered the use of iridium-192 perioperative implants for 
early stage breast cancer. 

 
In 1984, Dr Mansfield agreed to return to Jefferson as Chairman with one major stipulation: a 
bigger and better center for cancer treatment that to this day has been the cornerstone of 
Jefferson’s Department of Radiation Oncology. With the help of Dr. Kramer and his staff, 
with the support of Dr. Bluemle, the University President, and the generosity of the estate of 
Mr. William Bodine, President of Jefferson Medical College from 1959 to 1966 and Chairman of the 
Board from 1970-1977, The Bodine Centre for Cancer Treatment was dedicated on March 25, 
1987.  Dr. Mansfield served as chairman of the Department of Radiation Oncology at then 
Jefferson Medical College from 1987 to 1994.  The Bodine Centre for Cancer Treatment is a 
three floor, 57,000 square feet building which expanded facilities for clinical oncology, 
radiobiology, and radiation physics research.   Dr. Mansfield helped develop one of the 
biggest breast cancer practices in Philadelphia, working with a strong multidisciplinary team.  He 
strived to raise awareness of African American accomplishments in oncology and to educate the  

  



community in the prevalence and incidence of cancers in the African American population.  In 
recognition of these efforts, he was awarded the Bronze Medal, the highest national tribute 
awarded by the American Cancer Society for public service.  He extended his cause to level the 
playing field for all races, creeds and religions and also for underserved residents in the 
community.   He obtained a grant for “Special Populations Networks for Cancer Awareness 
Research and Training” in order to continue his efforts into the 21st century.    
 
Dr. Mansfield helped train over forty residents during his stay at Jefferson, and during his lifetime, 
published more than 100 articles and monographs and obtained two NIH grants for his research.  
In 1994, he became Associate Director of the Division of Cancer Treatment for the NCI, and was 
recruited as Chairman of the Department of Radiation Oncology at the University of Maryland from 
1997-2002. 

 
Dr. Mansfield served as the President of the American Radium Society in 1989, becoming the first 
African American to head a national radiologic society. In 1990, he received an Honorary Doctor of 
Science degree from his undergraduate alma mater, Lincoln University.  In 2015, he became the 
first African American to be awarded the American Society for Radiation Oncology (ASTRO) Gold 
Medal. The Gold Medal is ASTRO's highest honor bestowed on revered members who have made 
outstanding contributions to the field of radiation oncology. 

 
Prepared by Eric Gressen, M.D., and Maria Werner-Wasik, M.D., FASTRO 
 
Photo: ASTRO/Adam Donohue 
 
 
 

Thomas Jefferson University 
Department of Radiation Oncology 

 

CARL MANSFIELD, MD 
 

Professor and Chair 
1983-1994 

 
 

• He raised social awareness for managing and treating the 
underserved community 
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RESEARCH 2017-2018 
Department of Radiation Oncology 
 
Basic Research Studies/Grants 
 
Optimizing first line treatment for men with castrate resistant prostate cancer.   
Prostate Cancer Foundation.  Principal Investigator:  Wm. Kevin Kelly, D.O.,  
Co-Investigator:  Robert B. Den, M.D. 
 
CARAVAN:  Checkpoint-radiation-vaccine neoadjuvant trial for metastatic prostate 
cancer.  Prostate Cancer Foundation.   
Principal Investigator:  Adam P. Dicker, MD, PhD, FASTRO 
 
NRG Oncology Network Group Operations Center.   
Principal Investigator:  Maria Werner-Wasik, MD, FASTRO 
 
Compare various metrics between two radiosurgery techniques for a large number of 
brain metastasis.  Varian Medical Systems, Inc.   
Principal Investigator:  Wenyin Shi, MD, PhD 
 
Chinese radiation oncologist observation program in the Radiation Oncology Program 
of Kimmel Cancer Center, Thomas Jefferson University, Philadelphia, PA.   
Elekta Instruments, Inc.   
  
Preclinical assessment of efficacy and safety of combining PD-1 inhibitor and 
radiotherapy.  Merck Sharp & Dohme.   
Principal Investigator:  Bo Lu, MD, PhD 
 
Overcome crizotinib resistance through Jak inhibition.  Pfizer, Inc.   
Principal Investigator:  Bo Lu, MD, PhD 
 
Role of Smac in lung carcinogenesis and therapy.  Department of Defense.   
Principal Investigator:  Bo Lu, MD, PhD 
 
Technical and procedural improvements for optimizing clinical use of Pyrexar HT 
equipment. Pyrexar Medical, Inc.   
Co-Principal Investigators:  Dario Rodrigues, PhD, and Paul Stauffer. MSEE, CCE 
 
 
 
Clinical Research Studies/Grants 
 
NRG-GU0002:  (CIRB) Phase II-III trial of adjuvant radiotherapy and androgen 
deprivation following radical prostatectomy with or without adjuvant docetaxel. 
 
NRG-GU0003:  (CIRB) A randomized Phase III trial of hypofractionated post-
prostatectomy radiation therapy (Hyport) versus conventional post-prostatectomy 
radiation therapy (CoPort). 



NASBP B-51; RTOG-1304:  A randomized Phase III clinical trial evaluating post-
mastectomy chestwall and regional nodal XRT and post-lumpectomy regional nodal 
XRT in patients with positive axillary nodes before adjuvant chemotherapy who convert 
to pathologically negative axillary nodes after neoadjuvant chemotherapy. 
 
NRG-BN001:  Randomized Phase II trial of hypofractionated dose-escalated photon 
IMRT or proton beam therapy versus conventional photon irradiation with concomitant 
and adjuvant temozolomide in patients with newly diagnosed glioblastoma. 
 
Phase I study of hyperthermia combined with high dose rate. 
 
CAREFOR Study:  Precision nutrition caloric restriction for oncology research:  Precision 
medicine driving precision nutrition during neoadjuvant chemotherapy for breast 
cancer. 
 
Caloric restriction for oncology research:  Pre-operative caloric restriction prior to 
definitive oncologic surgery. 
 
NRG-GY006:  (CIRB) A randomized phase II trial of radiation therapy and cisplatin alone 
or in combination with intravenous triapine in women with newly diagnosed bulky 
stage IB2, Stage II, IIIB, or IVA cancer of the uterine cervix or Stage II-IVA vaginal 
cancer. 
 
A phase I-11 dose-escalation study of NBTXR3 activated by external beam therapy or 
external beam radiotherapy with brachytherapy in subjects with newly diagnosed 
unfavorable intermediate risk or high risk prostate adenocarcinoma treated with 
androgen deprivation. 
 
ARN-509 + abiraterone acetate + leuprolide with stereotactic, ultra-hypofractionated 
radiation (AASUR) in very high risk prostate cancer:  A single arm, Phase II study. 
 
              

 
SAVE THE DATE:  Thursday, July 12, 2018 

 
Inaugural Radiation Oncology and Medical Physics Residency  

Alumni Gathering 
 

5:30 – 7:30 P.M. 
 

The Bodine Center at  
Thomas Jefferson University 

Northeast corner of 11th & Sansom Streets 
111 S. 11th Street 

Philadelphia, PA  19107 



RESIDENT RESEARCH ACTIVITIES 
 

During their residency training, our graduating Residents, Dr. Gaurav Shukla and Dr. Noelle 
Williams participated in several research projects.  We would like to share some of their 
research activities with you. 
 
Gaurav Shukla, M.D., Ph.D. 
Dr. Shukla, along with Drs. Taoran Li, Cheng Peng, Virginia Lockamy, Haisong Liu, and Wenyin 
Shi conducted research on the “Dosimetric impact of a tumor treating fields device for 
glioblastoma patients undergoing simultaneous radiation therapy”.  In this study, the impact 
from tumor treating field (TTField) electrodes on the dosimetry of VMAT treatment plans for 
patients with glioblastoma was quantitatively evaluated in two ways:  (1) in the treatment 
planning system using advanced dose calculation algorithm and (2) using physical 
measurements on surface and deep doses.  This work provides evidence that radiation doses 
to planning target volumes is not significantly changed due to the presence of TTFields 
electrodes, although the impact on skin dose was notable.  This research was published in the 
journal Frontiers in Oncology (2018;8:51.  PMID:  29594036). 
 
Dr. Shukla was one of the members of team of researchers from Penn and Jefferson (included 
Drs. Rathore, Akbari, Doshi, Rozycki, Bilello, Lustig and Davatzikos) published a paper which 
presented their research efforts to develop a method for estimating peritumoral edema 
infiltration using radiomic signatures determined via machine learning methods, and tested it 
on 90 patients with de novo glioblastoma.  This article, “Radiomic signature of infiltration in 
peritumoral edema predicts subsequent recurrence in glioblastoma:  implications for 
personalized radiotherapy planning” appeared in the Journal of Medical Imaging (Bellingham) 
in April, 20918 (Volume 5, number 2; PMID:  29531967). 
 
During his residency, Dr. Shukla had an additional five publications including: 
 
Advanced magnetic resonance imaging in glioblastoma:  a review.  Shukla G, Alexander GS, 
Bakas S, Nikam R, Talekar K, Palmer JD, Shi W.  Chin Clin Oncol. 2017 Aug;6(4):40.  Review.  
PMID:  28841802. 
 
Re-irradiation for recurrent glioblastoma multiforme.  Barney C, Shukla G, Bhamidipati D, 
Palmer JD.  Chin Clin Oncol. 2017 Aug;6(4):35.  PMID:  28841798 
 
Biochemical control and toxicity for favorable-and intermediate-risk patients using real-time 
intraoperative inverse optimization prostate seed implant:  Less is more! 
Shukla G, Sarkar A, Hanlon A, Crockett E, chen HC, Martelli-Raben J, Glick A, Benge B, Lobis M, 
Terranova S, Desperito T, Cozzolino D, Kemmerer E, Mourtada F, Raben A 
Brachytherapy.  2017 May-Jun; 16(3):490-96.  PMID:  28185762 
 
Lung cancer screening:  not all nodules are created equal.  Shukla G, Williams NL, Luminais C, 
Lu B, Shi W,  J. Thorac Dis. 2016 Oct;8(10):E1257-59.  PMID:  27867602 
 
Stereotactic body radiation therapy delivery in a genetically engineered mouse model of lung 
cancer.  Du S, Lockamy V, Zhou L, Xue C, LeBlanc J, Glenn S, Shukla G, Yu Y, Dicker AP, Leeper 
DB, Lu Y, Lu B.  Int J Radiat Oncol Biol Phys. 2016 Nov 1;96(3):529-37.  PMID:  27681749 
 
Dr. Shukla has several additional manuscripts in preparation and is continuing several research 
projects with his Penn Co-Investigators including a RT dose escalation study and having 
presented a clinical trial concept for image-guided supratotal resection at a recent NRG 
Oncology meeting, notes that the initial components of the trial are now ongoing.   
 



Noelle Williams, M.D. 
During her residency, Dr. Williams was very involved in research projects related to Patient 
Reported Outcomes (PROs) including: (1) The role of patient engagement and electronic patient 
reported outcomes in patients undergoing treatment for head and neck cancer:  A quality 
improvement project; (2) Pilot feasibility trial examining the use of electronic patient-reported 
outcomes in prostate cancer patients with Apple ResearchKit smartphone application; (3) 
“Strength through insight” – evaluates the feasibility of ePROs via an Apple ResearchKit mobile 
application in patients with prostate cancer.  This application was developed in collaboration 
with colleagues from Information Systems and Technology at Jefferson and is available to any 
patient with the diagnosis of prostate cancer undergoing treatment at Jefferson.  We 
hypothesize that the collection of ePROs via a digital mobile-based platform will be feasible 
and acceptable to patients.  This is the first use of the Apple ResearchKit for prostate cancer 
patients.  The concept was funded in part by a grant from the Prostate Cancer Foundation.   
Dr. Williams was an author, along with Drs. Garg, Ip and Dicker on a publication recently 
accepted by the Journal of Clinical Oncology:  Clinical Cancer Informatics entitled, “Clinical 
integration of digital solutions in healthcare:  An overview of the current landscape of digital 
technologies in cancer care”. 
 
Dr. Williams also conducted a “Pilot study of metformin in head and neck cancer and its effects 
on pro-inflammatory cytokines and exosomes implicated in acute and chronic toxicity” and a 
“Pilot study of metformin to mitigate sequelae of radioactive iodine treatment for well-
differentiated thyroid cancers”.  She has also completed research projects related to prostate 
cancer, melanoma, and lung cancer.   
 
During her residency, Dr. Williams  had additional publications including: 
 
Sleep disturbances in men receiving androgen deprivation therapy for prostate cancer:  The 
role of hot flashes and nocturia.  Gonzalez BD, Small BJ, Cases MG, Williams NL, Fishman MN, 
Jacobsen PB, Jim HSL.  Cancer.  2018 Feb. 1;124(3):499-506.  PMID:  29072790. 
 
Phase I study of Ipilimumab combined with whole brain radiation therapy or radiosurgery for 
melanoma patients with brain metastases.  Williams NL, Wuthrick EJ, Kim H, Palmer JD, Garg S, 
Eldredge-Hindy H, Daskalakis C, Feeney KJ, Mastrangelo MJ, Kim LJ, Sato T, Kendra KL, Olencki 
T, Liebner DA, Farrell CJ, Evans JJ, Judy KD, Andrew DW, Dicker AP, Werner-Wasik M, Shi W.  Int J 
Radiat Oncol, Biol, Phys.  2017 Sep 1;99(1):22-30.  PMID:  28816150 
 
A pilot study to determine if the use of a virtual reality education module reduces anxiety and 
increases comprehension in patients receiving radiation therapy.  Marquess M, Johnston SP, 
Williams NL, Giordano C, Hurwitz MD, Dicker AP, Den RB:  J Radiat Oncol. Epub 2017 Mar 25. 
 
Management of Stage I lung cancer with stereotactic ablative radiation therapy.  Dan T, 
Williams NL:  Surg Oncol Clin N Am. 2017 Jul;26(3):393-403.  PMID:  28576179 
 
Radioisotopes in management of metastatic prostate cancer.  Raval A, Dan TD, Williams NL, 
Pridjian A, Den RB.  Indian J Urol. 2016 Oct-Dec;32(4):277-81.  Review.  PMID:  27843209 
 
Dr. Williams’ ongoing projects include: 
RAMP Protocol – (remote Activity Monitoring Pilot):  A feasibility study invstigating daily step 
and sleep data in combination with elecrtronic patient-reported outcomes in adult patients with 
head and neck cancer. 
 
ADAMM Study:  A pilot study investigating the feasibility of ADAMM (Automated Device for 
Asthma Monitoring and Management) in combination with electronic patient-reported 
outcomes in adult patients with lung cancer. 



Sidney Kimmel Cancer Center at Jefferson Health 
PATIENT SUPPORT OPPORTUNITIES 

Spring 2018 
 

For Registration, and more information, please contact 215-955-1800. 
Please visit www.Jefferson.edu/CancerSupport. 
 
All programs, unless otherwise noted, will be held at the Cancer Support and Welcome Center,  
914 Chestnut Street, Philadelphia, PA, 19107. 
 
The Cancer Support and Welcome Center is now open at 914 Chestnut Street!  Please stop in 
for a tour and a gift!  Our staff will be happy to help you and your family from cancer diagnosis 
through survivorship.   Our services include; individualized assistance in finding information on 
diagnosis, treatment and support services, help with way-finding to cancer center 
appointments, assistance with MyChart, referrals to support resources and support groups, 
nutritional classes and seminars, educational workshops, exercise classes and more!   
For more information stop in or call the Cancer Support & Welcome Center between 9:00am-
5:00pm Monday through Friday at 215-955-1800, CancerSupportCenter@Jefferson.edu. 

 
Survivorship Programs 
 
Brain Tumor Support Group at Jefferson  
A monthly group for individuals diagnosed with a brain tumor and their supporters. 
The group meets year round, on the 2nd Thursday of every month from 6:30 to 8:00 pm  
Jefferson Hospital for Neuroscience 
900 Walnut St, third floor conference room  
For registration and details: Judy.Boldurian@Jefferson.edu   
 
Buddy Program 
What can I expect from treatment? Does ANYONE know what I’m going through?  Will my life 
ever be normal again?   
ASK a Buddy.  
The program is for newly diagnosed cancer patients who are matched by diagnosis, treatment, 
age, and gender with a trained cancer survivor for one-on-one telephone support. 
Call 215-955-8370 if you would like to be matched with a “Buddy” or if you would like to 
become a “Buddy.”  
 
Look Good… Feel Better  
A workshop for women with cancer to learn more about caring for themselves during 
treatment. Participants will learn tips on skin care, wig styling, scarf tying and make-up tips. 
Co-sponsored by the American Cancer Society. 
Monday, 1/08/2018 1:30 - 3:30 PM 
Friday, 4/13/2018  10:00 -12:00 PM 
Monday, 5/07/2018 1:00 - 3:00 PM 
Tuesday, 7/17/2018 1:00 - 3:00 PM  
Location: Cancer Support and Welcome Center at Jefferson 
914 Chestnut Street, Philadelphia   
To register, please call the American Cancer Society at 1-800-227-2345. 
 

http://www.jefferson.edu/CancerSupport
mailto:CancerSupportCenter@Jefferson.edu
mailto:Judy.Boldurian@Jefferson.edu


Nu-Voice Club of Center City   
This monthly program is a support group for patients, Laryngectomee family members and 
friends. 
The program meets the 3rd Thursday of each month from 12-1:30 pm.  
Gibbon Building, Room 9490 
111 South 11th Street, Philadelphia,  
Call Nancy Travers, or Barbara Baskin, 215-955-2554, for more details.   
 
Esophagectomy Survivorship and Support Group    
This program is for patients and their family members who are to undergo or have undergone 
an esophagectomy.   
The group meets quarterly. 
April 25th, August 15th at 4:30 pm 
Cancer Support and Welcome Center at Jefferson 
914 Chestnut Street, Philadelphia   
For more information, contact Sung.Whang@jefferson.edu. 
 
Online/Telephone Primary and Metastatic Ocular Melanoma (OM) Support Groups  
Thomas Jefferson University (TJU) Hospital's Oncology Support Services Program is excited to 
partner with the Melanoma Research Foundation’s CURE OM to offer virtual support groups to 
the primary and metastatic ocular melanoma (OM) community. These support groups meet the 
first Wednesday of the month via a virtual platform so that individuals from across the country 
can join either by phone or internet. Licensed TJU social workers facilitate the groups in a 
private and confidential setting. If you would like to join a group, or want more information, 
please contact Lauren Johnston, CURE OM Program Manager, at ljohnston@melanoma.org 
 
Support Group for Caregivers of Leukemia Patients 
Anne M. Delengowski, RN, MSN, AOCN 
Oncology Clinical Nurse Specialist 
Wednesdays, 2nd and 4th of the month, starting with March 14, and 28, 1- 2 pm 
Nurse Anne Delengowski will present an overview of Leukemia in relation to the needs of 
caregivers of Leukemia patients, in this supportive group setting.  
 
Fighting Cancer Together: People Living with Cancer 
Monthly Support Group 
3rd Monday of the Month 12pm-1:15pm, starting April 16, 2018 
Adult group members with different types of cancer come together each week to get support 
and learn from each other. People in active treatment, who have recently completed treatment 
or are having treatment-related side effects up to two years after treatment ends are welcome. 
This group is led by professional oncology social workers. 

 
Coffee & Conversation with a Buddy   
Every other Monday, beginning March 26th, 2:00-3:00PM 
All are welcome to come have a cup of coffee and informally meet with a Buddy--a trained 
cancer survivor volunteer who has been through similar procedures and treatments and can 
help answer questions and provide support and companionship. 
 
Children’s Lives Include Moments of Bravery  
CLIMB® is a new support program specifically for children who have a parent or grandparent 
diagnosed with cancer. Through art projects and discussion, this program will help children 
cope with their feelings, while improving communication between children and parents. 
Separate groups will be held at the same times for children ages 6-12, teens ages 13-17, and 
parents/grandparents. 

mailto:Sung.Whang@jefferson.edu
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CLIMB® is a six-week closed group support program that will meet once a week for six weeks. 
There is no cost to participate. Pre-registration is required. 
 
When:  dates to be determined  
6:00-7:30 PM 
Location: Cancer Support and Welcome Center 
For more information or to register, please contact Jodi Sandos 
(215) 503-7711 or Lora Rhodes (215) 503-5482 or email 
oncologysocialwork@jefferson.edu. 
 
Gentle Chair Yoga for Patients and Caregivers  
Michelle Stortz, Certified Yoga Therapist (C-IAYT) 
2nd Tuesday of the Month, 12-1:15 pm 
Michelle specializes in yoga therapy for those who have had a cancer experience. Come and 
enjoy the many benefits of adaptive chair yoga for cancer survivors and for caregivers. This 
yoga experience is flexible for your unique needs and no experience is necessary.   
Cancer Support and Welcome Center at Jefferson 
914 Chestnut Street  
For more information and registration, email M@michellestortz.com or call 215-955-8370 
 
Temple Legal Clinic for Cancer Patients  
Temple Legal Aid Office Lawyers and Legal Interns 
Mondays, January 8 through April 16, 1-4 pm 
Come and receive free legal advice and assistance with your legal problems.  Advice is 
provided on many issues and representation is available for clients who meet Legal Aid’s low-
income criteria in areas in which they have expertise.  The most common matters the Legal Aid 
office handles are the following: 
 

1. Disability benefits, including Social Security and SSI Disability benefits and other public 
benefits;   

2. Advance directives, durable powers of attorney, disability custody planning (standby 
guardianship), and estate planning. 

3. Primarily advice on other civil legal problems, including private disability insurance, 
housing, family law, health insurance, discrimination, and other matters.   

 
Optimizing Nutrition During and after Treatment 
Heather Bell-Temin, MS, RDN, LDN, CSO 
Outpatient Oncology Dietitian 
March 15, 12-1:30 pm  
Heather Bell-Temin will present helpful nutritional information based on cancer prevention 
guidelines, 
and will provide guidance on which foods to eat and which foods to avoid during and after 
treatment. 
 
Neuropathic Complications of Cancer Treatments:  Help with treating symptoms   
Goran Rakocevic, MD 
Associate Professor of Neurology  
Tuesday, March 20, 12-1:30 pm 
Neurologist Goran Rakocevic will help you understand about chemotherapy-induced 
neuropathies and treatment options to better manage and improve symptoms in a supportive 
environment.  
 

mailto:oncologysocialwork@jefferson.edu
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Medical Marijuana: What are the benefits, risks, and what does the Pennsylvania Program 
entail? 
Brooke Worster, MD, FACP 
Assistant Professor of Medicine 
Medical Director, Neu Center for Supportive Medicine and Cancer Survivorship 
Gregory D. Garber MSW, LCSW 
Director of Support Services, Neu Center for Supportive Medicine and Cancer Survivorship 
Director, SKCC Support and Welcome Center             
Tuesday, March 27th, 12 – 1: 30 pm 
 
Getting help with cancer-related symptoms when they occur = having better days and less 
symptoms.  Symptoms such as cancer-related pain, depression, difficulty sleeping, and poor 
appetite can be helped with symptom management.  Please join us to learn about the benefits 
and risks of using medical marijuana and how the certification program in Pennsylvania works 
and how to access it.  
 
Please contact the Neu Center for Supportive Medicine and Cancer Survivorship, 215-955-1888, 
for a consult  to receive help in getting signed up for Pennsylvania certification for medical 
marijuana.  
 
Understanding Medicare, Medicaid and the Affordable Care Act 
Angie Santiago, CRCS-I-ask  
Certified Revenue Cycle Specialist- Institutional Lead Financial Counselor, Oncology 
Crystal Sypherd, CPhT, Financial Counselor, Oncology, Business Services Department at 
Jefferson 
Tuesday, April 3, 12-1:30 PM 
In this program, learn about the basics of Medicare, Medicaid, and the Affordable Care Act 
(ACA) and an update on the status of the health insurance through the Affordable Care Act.  
You will also learn about co-pay assistance and pharmaceutical program assistance. 
 
Managing Uncertainty and Coping with a Cancer Diagnosis 
Gregory D. Garber MSW, LCSW 
Director of Support Services, Neu Center for Supportive Medicine and Cancer Survivorship 
Director, SKCC Support and Welcome Center                
April 17th, 12-1:30 PM 
Living with uncertainty is a challenge that anyone who has experienced a cancer diagnosis 
encounters. 
This discussion will address the coping challenges that patients and family members encounter 
and provide strategies to help manage these.  Anyone whose life has been affected by cancer is 
welcome to attend. 
 
Novel Treatment for Hematological Malignancies 
Lindsay Wilde, MD 
Hematology / Medical Oncology 
Thursday, April 26, 12 – 1:30 PM 
Dr. Wilde will share information about new and promising treatments for hematologic cancers 
(leukemia, lymphoma, multiple myeloma), including the use of CAR-T cells and other targeted 
approaches, to help you gain a better understanding of how these therapies are helpful. 
 
Help with Managing Fatigue and Insomnia for Better Days 
Molly Hanson, CRNP 
Nurse Practitioner 
Alison Petok, MSW, LCSW, MPH   



Neu Center for Supportive Medicine 
Tuesday, May 1, 12-1:30 PM 
The management of insomnia through a combination of pharmacologic and healthy sleep 
habits can have a positive impact not only on insomnia but also on related symptoms such as 
fatigue, and consequently, on overall health and quality of life.  The presenters will provide 
strategies to help you improve fatigue and insomnia.  
 
Oncology Nutrition: Myth versus Fact 
Heather Bell-Temin, MS, RDN, LDN, CSO 
Outpatient Oncology Dietitian 
Thursday, May 3, 12-1:30 pm 
There is confusing information when it comes to nutrition and cancer.  Heather Bell-Temin will 
review common cancer nutrition myths and give you the facts so you can be the most informed 
while dealing with your diagnosis.   
 
Tools for Stress Reduction thru Mindfulness   
Aleeze Sattar Moss, PhD 
Associate Director, Mindfulness Institute 
Myrna Brind Center of Integrative Medicine at Jefferson 
May 10, 12:00- 1:30 pm 
This program provides a taste of the fundamentals of “mindfulness-based stress reduction,” 
which has been shown to reduce anxiety, depression, and pain, and to improve well-being 
during cancer treatment and survivorship. Through meditation and awareness exercises, we 
will explore this practical time-proven approach to living fully in the present moment that has 
helped many achieve greater balance, vitality, and health. 
 
Discovering Spiritual Strength during Difficult Times 
Rev. Marianne Robbins, MDiv, BCC 
Associate Director, Department of Pastoral Care and Education 
Thomas Jefferson University Hospital 
May 15th, 12 – 1:30 PM 
Rev. Robbins will have an interactive session to help you discern what your needs are for 
support and comfort on your journey as you navigate your course of treatment and beyond. 
 
Facing Breast Cancer with Information and Support 
An informational and supportive seminar for women with Breast Cancer 
 
Help with the Management of Lymphedema 
Judith Folweiler, OTR/L, CHT, CLT 
Clinical Specialist, Jeff FIT 
Mary Michelle Loquias, PT, DPT, CLT, Physical Therapist, MHD,  
Physical Medicine and Rehabilitation at Jefferson 
May 17, 12 – 1:30 PM  
In this program, Lymphedema experts will present on therapeutic approaches to reduce the 
swelling associated with lymphedema and the variety of treatments available, including skin 
care, manual lymph drainage, gentle massage and light exercises to help stimulate the 
lymphatic system.  
 
Unite for HER Wellness Day  
Thursday, May 18, 1-5 pm 
Bluemle Building, Rooms 105/107 
At the Jefferson Unite for HER Wellness Day event, Breast Cancer patients will learn about the 
benefits of complementary therapies and create a personal plan for incorporating those 



valuable tools into their treatment and recovery. In small group settings, trained professions 
will lead discussions in the areas of acupuncture, massage, Reiki, yoga, meditation and 
nutrition, as well as a caregiver session.  Participants leave the day with a Wellness Passport to 
cover the costs of the complementary therapies they choose to pursue. 
For more information, contact Caitlin Tapper, 215-955-6040. 
 
Journaling through the Journey 
Monday, May 14th 10a-12pm  
Journaling with mixed media arts can help relieve stress, worry and anxiety.  Journaling with 
mixed media starts out the same as a written journal.  Thoughts, feelings and emotions are 
written and released in the journal, then fully or partially covered with paint, collage, markers, 
stencils etc.  
You do not have to be an artist or have any artistic talent!  The focus is on the process, playing 
with art supplies while practicing mindfulness and being present in the moment.  Registration 
required. 
 
Art Discovery Workshop 
Erin Cavanaugh, Art Therapist 
Monday May 21, 10am-12pm 
Explore your creativity through various art techniques, including drawing, painting, collage, 
and more in a supportive and playful environment.  
Program open to patients, caregivers and survivors 
No previous artistic experience required. 
 
Prostate Cancer Networking Group  
Helpful Strategies for Erectile Dysfunction 
Irvin Hirsch, MD 
Clinical Professor, Department of Urology, Thomas Jefferson University 
Thursday, April 12, 12-1:30 PM 
For men who have gone through a prostate cancer experience, erectile dysfunction may be a 
side effect after treatment.  In this program, Dr. Hirsch will present options for surgical, 
medical, and behavioral strategies in the management of these possible side effects of 
treatment. 
 
Novel Treatments for Advanced Prostate Cancer and New Hopes for Patients 
William Kevin Kelly, DO 
Professor Medical Oncology and Urology 
Director, Division of Solid Tumor Oncology 
Leader, Biology of Prostate Cancer Program 
Associate Director, Clinical Research, Sidney Kimmel Cancer Center at Jefferson Health 
Date:  May 24, 12-1:30 PM 
Treatment for advanced prostate cancer can help to control the cancer for prolonged periods 
of time. In this presentation, Dr. Kelly will discuss novel treatments and new therapies for men 
with an advanced Prostate Cancer diagnosis. 
 
 



Survivorship Celebration 
 
June 6, 2018, 12-2:00 pm 
Dorrance H. Hamilton Building, Connelly Auditorium 
1001 Locust Street, Philadelphia, PA  19107 
12-1 pm Lunch and Health Fair 
1-2 pm Presentation 
 
“IV’S, Finish Lines, & Happy Dances” 
Stephen Brown, Author and Cancer Survivor 
As an athlete his entire life, Stephen Brown ran marathons and ironman triathlons, and a 
cancer diagnosis was the furthest thing from his mind. 
 
When Stephen was diagnosed with chronic lymphocytic leukemia, he made choices that helped 
him to live above this disease, including maintaining his fitness level and running home from 
chemotherapy treatments when possible.  Steve will talk about the importance of family, of not 
allowing a cancer diagnosis to be all-consuming, 
 
And the doors that have opened up in his life because of his cancer experience.  Please join us 
to hear Steve’s story of courage and hope. 
 
Additional Jefferson Locations: 
 
Abington Jefferson Health 
Please call 215-481-6700 or email Bethc@cancersupportphiladelphia.org 
 for information or to register for activities.   
 
Aria Health  
For programs contact: Jill Lefkowitz, MSW, LCSW at 215-612-5208  
https://www.ariahealth.org/wellness-programs/support-groups/cancer-center-support-groups 
 
Jefferson Health New Jersey 
Abigale Hassel, MSW, LCSW, OSW-C - Social Worker 
Patient support and information. 
856-218-5322 
https://www.kennedyhealth.org/services/cancer-center 
 
 

What Sidney Kimmel Cancer Center at Jefferson Health Offers 
 
Support Services 
The Sidney Kimmel Cancer Center at Jefferson Health is your partner on the road to recovery. 
As we navigate this journey together, we understand that cancer can affect many aspects of 
your life. That’s why the Jefferson staff works with you and your family, helping to meet your 
physical and emotional needs during this difficult time.  
Supportive Services we offer: 

• Oncology Social Workers 
• Nutrition and Dietetic Counseling 
• Financial Assistance Services 
• Fertility Preservation 

 

mailto:Bethc@cancersupportphiladelphia.org
https://www.ariahealth.org/wellness-programs/support-groups/cancer-center-support-groups
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Cancer Support & Welcome Center 
The Cancer Support and Welcome Center promotes wellness and healing by providing you and 
your family with supportive care services and cancer-related information. A range of programs 
are free and offered to anyone living with cancer, regardless of where they receive care.  
The Cancer Support and Welcome Center is open Monday through Friday from 9 a.m. to 5 p.m. 
  
914 Chestnut Street, Philadelphia, PA 19107  
215-955-1800 | CancerSupportCenter@jefferson.edu 
   
Neu Center for Supportive Medicine and Cancer Survivorship 
While you are receiving state of the art oncologic care at the Sidney Kimmel Cancer Center at 
Jefferson Health, The Neu Center for Supportive Medicine and Cancer Survivorship will be 
available to help you along this path by addressing the issues that affect the quality of your life 
during and after your cancer care including the physical, emotional, social, financial, and 
spiritual effects among others. 
 
Clinical Trials 
A clinical trial is a type of research study that tests how well new medical approaches work. 
Jefferson offers a number of Clinical Trials.  
To find out if there is a clinical trial available that might be right for you, ask your healthcare 
providers, visit our website, or contact the Sidney Kimmel Cancer Center at Jefferson Health 
Clinical Research Management Office at 215-955-1661. Jefferson.edu/ClinicalTrials   
 
 

mailto:CancerSupportCenter@jefferson.edu
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Article

Comparison of Online 6 Degree-of-Freedom
Image Registration of Varian TrueBeam
Cone-Beam CT and BrainLab ExacTrac
X-Ray for Intracranial Radiosurgery

Jun Li, PhD1, Wenyin Shi, MD, PhD1, David Andrews, MD2,
Maria Werner-Wasik, MD1, Bo Lu, MD, PhD1, Yan Yu, PhD1,
Adam Dicker, MD, PhD1, and Haisong Liu, PhD1

Abstract
Purpose: The study was aimed to compare online 6 degree-of-freedom image registrations of TrueBeam cone-beam computed
tomography and BrainLab ExacTrac X-ray imaging systems for intracranial radiosurgery. Methods: Phantom and patient studies
were performed on a Varian TrueBeam STx linear accelerator (version 2.5), which is integrated with a BrainLab ExacTrac imaging
system (version 6.1.1). The phantom study was based on a Rando head phantom and was designed to evaluate isocenter location
dependence of the image registrations. Ten isocenters at various locations representing clinical treatment sites were selected in
the phantom. Cone-beam computed tomography and ExacTrac X-ray images were taken when the phantom was located at each
isocenter. The patient study included 34 patients. Cone-beam computed tomography and ExacTrac X-ray images were taken at each
patient’s treatment position. The 6 degree-of-freedom image registrations were performed on cone-beam computed tomography
and ExacTrac, and residual errors calculated from cone-beam computed tomography and ExacTrac were compared. Results: In the
phantom study, the average residual error differences (absolute values) between cone-beam computed tomography and ExacTrac
image registrations were 0.17 + 0.11 mm, 0.36 + 0.20 mm, and 0.25 + 0.11 mm in the vertical, longitudinal, and lateral
directions, respectively. The average residual error differences in the rotation, roll, and pitch were 0.34�+ 0.08�, 0.13�+ 0.09�,
and 0.12�+ 0.10�, respectively. In the patient study, the average residual error differences in the vertical, longitudinal, and lateral
directions were 0.20 + 0.16 mm, 0.30 + 0.18 mm, 0.21 + 0.18 mm, respectively. The average residual error differences in the
rotation, roll, and pitch were 0.40�+ 0.16�, 0.17� + 0.13�, and 0.20� + 0.14�, respectively. Overall, the average residual error
differences were <0.4 mm in the translational directions and <0.5� in the rotational directions. ExacTrac X-ray image registration
is comparable to TrueBeam cone-beam computed tomography image registration in intracranial treatments.
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cone-beam computed tomography, TrueBeam, ExacTrac X-ray imaging, 6 degrees of freedom, image registration, intracranial,
radiosurgery
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Introduction

Image guidance is widely used in radiation therapy for patient

setup corrections. In linear accelerator–based stereotactic

radiotherapy (SRT) and stereotactic radiosurgery (SRS), usu-

ally cone-beam computed tomography (CBCT) or planar X-ray

imaging, for example, ExacTrac X-ray imaging system (Brain-

Lab, Feldkirchen, Germany), is used for image guidance.1-12

Compared to planar imaging, CBCT provides better visualiza-

tion of anatomy and soft tissue. ExacTrac X-ray imaging sys-

tem that uses 2 orthogonal X-rays, with 2 X-ray sources located

on the floor and 2 detectors mounted on the ceiling, is free of

couch collision. Compared to CBCT, it has the advantage of

providing image guidance for noncoplanar treatments and

allowing faster setup. ExacTrac X-ray imaging, however, is a

2-dimensional planar X-ray imaging and uses less information

for image registration, in comparison with CBCT, which is a

3-dimensional volumetric imaging. It is of interest to compare

image registrations of ExacTrac X-ray imaging and CBCT.

Most of the publications of ExacTrac X-ray imaging and CBCT

were focused on evaluating setup accuracy under image gui-

dance.1-13 Ma et al had conducted a study on a hybrid system,

Varian Novalis Tx treatment unit (Varian Medical Systems,

California), to compare image registrations of ExacTrac X-ray

and CBCT.14 Because 6 degree-of-freedom (6DOF) online

CBCT registration was unavailable at the time of study, Ma

et al were unable to perform online comparison of 6DOF image

registrations of CBCT with ExacTrac X-ray. Instead, they per-

formed online 3DOF image registration comparison and offline

6DOF image registration comparison by use of Eclipse treatment

planning system (Varian Medical Systems, CA, USA).

A newer hybrid system, TrueBeam STx (Varian Medical Sys-

tems, CA, USA), which incorporates current CBCT and Exac-

Trac X-ray imaging techniques, has been used in clinics. It would

be interesting to compare image registrations, especially, online

6DOF image registrations, of the 2 current imaging systems.

In our institution, brain multiple metastases are treated on a

TrueBeam STx, with single isocenter treatment plans using

dynamic arcs, which are generated on a recently emerged treat-

ment planning system, automatic brain metastases planning

(ABMP; BrainLab). In our practice, to ensure patient setup

accuracy, both CBCT and ExacTrac X-ray imaging are used

in the metastasis radiosurgery. It is important to know whether

image registrations agree between ExacTrac and CBCT.

This study aimed to compare 6DOF online image registra-

tion of current BrainLab ExacTrac X-ray imaging and CBCT

of TrueBeam STx linear accelerator for intracranial radiosur-

gery. Phantom study and patient study based on brain multiple

metastasis radiosurgery were performed.

Materials and Methods

Figure 1 shows the TrueBeam STx linear accelerator system

(version 2.5) used in the study, which was equipped with a

BrainLab ExacTrac system (version 6.1.1). The coordinate sys-

tem used in the study is indicated in the figure.

Phantom Study

A Rando head phantom (The Phantom Laboratory, NY, USA)

was used (Figure 1). The phantom was scanned with a GE Light-

Speed CT scanner (General Electric Company, Fairfield, Con-

necticut), with a slice thickness of 1.25 mm. Treatment plans

were generated on the CT images. The phantom study was

designed to evaluate isocenter location dependence of the image

registrations. To include various situations that isocenters are

located at various locations, treatment plans were generated with

an iPlan treatment planning system (BrainLab, version 4.5)

instead of ABMP treatment planning system because iPlan allows

a user to select isocenter locations, whereas ABMP does not. In

an ABMP system, an isocenter is automatically determined by

the system. In planning with the iPlan, tumors (or targets) were

assumed to be located at various locations and each isocenter was

selected at the geometric center of the individual tumor: isocen-

ters were located in the regions of brain stem, left cerebellum,

right cerebellum, left temporal lobe, right temporal lobe, left

frontal lobe, right frontal lobe, thalamus, and left and right cere-

bellopontine angles where acoustic neuroma occurs. Table 1 lists

the isocenter locations. The CT images of the phantom were

transferred from iPlan to ExacTrac and TrueBeam CBCT, which

were used as reference images in the image registrations.

In the treatment unit, the phantom was immobilized with a

BrainLab mask (BrainLab) on the treatment couch. After the

phantom was moved to isocenter with the ExacTrac 6DOF

couch (BrainLab), 2 orthogonal ExacTrac X-ray images were

taken. The phantom was then shifted using the 6DOF couch

according to the image registration results. After shift, Exac-

Trac X-ray images and TrueBeam CBCT images were taken,

and X-ray image registrations and CBCT image registrations

were performed and the results were compared. The study was

conducted for each of the 10 isocenters.

Figure 1. Picture of the TrueBeam STx linear accelerator, which is

equipped with CBCT and BrainLab X-ray imaging systems. Rando

head phantom was immobilized with a BrainLab mask on the treat-

ment couch. The coordinate system used in the study is shown. CBCT

indicates cone-beam computed tomography.
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Patient Study

Thirty-four patients were studied. The patients were CT scanned

with the GE LightSpeed CT scanner, with a slice thickness of

1.25 mm. Treatment plans for the multimetastasis patients were

generated on an ABMP treatment planning system using single

isocenter dynamic arcs. The isocenters were automatically deter-

mined by the treatment planning system, which were located at

the geometric center of multiple tumors. The study procedure

was the same as that of the phantom study: the patient was

immobilized with a BrainLab mask on the treatment couch.

After initial setup using the ExacTrac infrared photogrammetry

guidance system, X-ray images were taken and the patient posi-

tion was corrected with the X-ray imaging registrations. After

correction, the patient was imaged with TrueBeam CBCT and

ExacTrac X-ray imaging, respectively, and the image registra-

tions of the 2 imaging modalities were compared.

In both phantom and patient studies, 6DOF online image

registrations were performed and residual errors in the 3 trans-

lational directions (vertical, longitudinal, and lateral) and in the

3 rotational directions (rotation, pitch, and roll) were evaluated.

In CBCT, the head protocol was used in the scan and bone

window was used in the image registration. In ExacTrac ima-

ging, 80 kV and 8 mAs were applied to the X-ray generator

tubes and bony match was used in the image registration.

Results

Figure 2 shows the results of the phantom study: absolute

differences in the calculated couch residual errors between Exac-

Trac X-ray imaging registration and TrueBeam CBCT imaging

registration (difference ¼ ExacTrac � CBCT) of the 10 isocen-

ter studies in translational (vertical, longitudinal, and lateral) and

rotational (rotation, roll, and pitch) directions, respectively.

Table 2 lists the summary of the absolute differences. The aver-

age residual error differences in the vertical, longitudinal, and

lateral directions were 0.17 + 0.11 mm, 0.36 + 0.20 mm, and

0.25 + 0.11 mm, respectively. The average residual error dif-

ferences in the rotation, roll, and pitch were 0.34�+ 0.08�, 0.13�

+ 0.09�, and 0.12�+ 0.10�, respectively. It was noticeable that

the longitudinal residual error differences at isocenters 8, 9, and

10 were larger than those at the other isocenters.

Figure 3 shows the absolute differences in the calculated

couch residual errors between ExacTrac X-ray imaging

registration and TrueBeam CBCT imaging registration in the

patient study. Table 3 lists the summary of the absolute differ-

ences. The average residual error differences in the vertical,

longitudinal, and lateral directions were 0.20 + 0.16 mm,

0.30 + 0.18 mm, 0.21 + 0.18 mm, respectively. The

average residual error differences in the rotation, roll, and

pitch were 0.40� + 0.16�, 0.17� + 0.13�, and 0.20� + 0.14�,
respectively.

The average residual error differences in the phantom study

had similar magnitudes as those in the patient study. The phan-

tom and patient studies showed that among the results in the 3

translational directions, larger differences occurred in the long-

itudinal direction, and among the results in the 3 rotational

directions, larger differences occurred in the rotation direction.

Figure 2. Results of the phantom study of the 10 isocenters: absolute

differences in calculated residual errors between ExacTrac X-ray

imaging registration and TrueBeam CBCT imaging registration

(difference ¼ ExacTrac � CBCT) in (A) translational (vertical,

longitudinal, and lateral) and (B) rotational (rotation, roll, and pitch)

directions, respectively. CBCT indicates cone-beam computed

tomography.

Table 1. Isocenter Locations in the Head Phantom.

Isocenters Isocenter Location

1 Brain stem

2 Left cerebellopontine angle

3 Right cerebellopontine angle

4 Left cerebellum

5 Right cerebellum

6 Left temporal lobe

7 Right temporal lobe

8 Left frontal lobe

9 Right frontal lobe

10 Thalamus
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Discussion

The phantom study, which was designed to evaluate the image

registrations for various isocenter locations, demonstrated that

longitudinal residual error differences showed isocenter location

dependence: the longitudinal residual error differences at

isocenters 8, 9, and 10 were larger than the residual error differ-

ences at other isocenters. The isocenters 8, 9, and 10 were located

in the regions of the left frontal lobe, right frontal lobe, and tha-

lamus, respectively, that is, in the frontal lobe or close to the

frontal lobe. In the patient study, the longitudinal residual errors

in patients 6, 7, 9, and 12 were larger than those in other patients.

The isocenters of these 4 patients were all located in the frontal

lobes. The results showed that in general, if isocenters were

located in or close to the frontal lobes, that is, located more super-

ior in the head, the longitudinal residual error differences could be

larger. Residual error difference up to 0.79 mm was observed in

the longitudinal direction in patient 12. It was noticed that when

isocenters were located superficially, less patient anatomy infor-

mation was captured in the images. The reduced anatomy infor-

mation might result in larger uncertainties in image registrations

and as a consequence larger differences between the 2 image

registrations in those cases. Based on this assumption, we used

‘‘virtual isocenter’’ functionality in ExacTrac for superiorly

located isocenters in patients 13–34, and the longitudinal differ-

ence was reduced, as can be seen from Figure 3A. This function

allows the user to select a ‘‘setup’’ isocenter other than the treat-

ment isocenter at the correction X-ray imaging step, so that more

bony structures can be included in the X-ray imaging receptors’

field of view and more accurate registration can be obtained. The

difference between setup isocenter and treatment isocenter loca-

tions is applied in addition to the calculated shifts when couch

correction is made so that patient is positioned at final treatment

isocenter.

In general, the residual error differences in the longitudinal

direction were larger than those in the lateral and vertical direc-

tions, which were observed in both the phantom and patient

studies. The phenomenon could be related to CT slice thickness.

The reference CT images in the study had a slice thickness of

1.25 mm and a pixel size of 0.9 mm. That is, the CT image

resolution was 1.25 mm in the longitudinal direction and

0.9 mm in the vertical and lateral directions. The image regis-

tration thus had larger uncertainty in the longitudinal direction

compared to the vertical and lateral directions.

Isocenter location dependence was not observed in rota-

tional residual error differences. Further investigation on the

cause of residual error differences between ExacTrac X-ray

and CBCT is expected in the future study.

In Ma et al’s study on a Novalis Tx system,14 average resi-

dual error differences were found to be <0.5 mm for phantom

Table 2. Results of the Phantom Study.a

Difference Vertical (mm) Longitudinal (mm) Lateral (mm) Rotation (�) Roll (�) Pitch (�)

Minimum 0.04 0.10 0.02 0.23 0.00 0.00

Maximum 0.32 0.64 0.36 0.46 0.34 0.32

Mean 0.17 0.36 0.25 0.34 0.13 0.12

Standard deviation 0.11 0.20 0.11 0.08 0.09 0.10

Abbreviation: CBCT, cone-beam computed tomography.
aResidual error differences (absolute values) in translational and rotational directions, between ExacTrac X-ray imaging registration and TrueBeam CBCT

registration among 10 isocenter studies.

Figure 3. Results of the patient study: absolute differences in calcu-

lated residual errors between ExacTrac X-ray imaging registration and

TrueBeam CBCT imaging registration (difference ¼ ExacTrac �
CBCT) in (A) translational (vertical, longitudinal, and lateral) and (B)

rotational (rotation, roll, and pitch) directions, respectively. CBCT

indicates cone-beam computed tomography.
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and <1.5 mm for patients, which are larger than our results. In

our study, similar differences were observed in phantom and

patients, and the average differences in phantom and patients

were <0.4 mm. Compared to Ma et al’s study, the smaller

differences observed in our study could be attributed to the

improvement in CBCT and ExacTrac X-ray techniques (a new

generation of X-ray imaging receptor was used in ExacTrac

version 6 and above, and the X-ray image quality has been

improved visually), and the fact that the differences were sim-

ilar in our phantom and patient studies might imply improve-

ment in immobilization.

Conclusion

The phantom and patient studies showed that average residual

error differences between ExacTrac X-ray and TrueBeam CBCT

registrations were <0.4 mm in the translational directions and

<0.5� in the rotational directions. Compared to the previous

publication that was based on earlier versions of the imaging

systems, better agreement between ExacTrac X-ray and CBCT

image registrations was found in our study. The result indicates

that image registrations of current ExacTrac X-ray and True-

Beam CBCT are comparable in intracranial treatments. The

study provides confidence for using ExacTrac X-ray for image

guidance of brain multiple metastasis radiosurgery.
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