
PIONEERING LESS TOXIC  
TREATMENT TECHNIQUES

Facts at-a-glance

Facility Name City of Hope National Medical Center

Location Duarte, California

About A National Cancer Institute designated Comprehensive Cancer Center. Maintains the No. 1 hematology, prostate 
cancer and breast cancer programs in California, based on the number of patients treated.

TomoTherapy System Experience Began treating patients with first TomoTherapy® System in 2004. Added second TomoTherapy System in 2006. 
Added TomoDirect™ Delivery and VoLO™ Planning capabilities in 2013.

Clinical Focus Total marrow irradiation (TMI) for blood and bone marrow cancers

Additional Areas of Focus Prostate, head and neck, intracranial tumors, large-field IMRT, abdominal, large lymph node areas, pleural, breast

OVERVIEW
As an early adopter of the TomoTherapy System, City of Hope has become a world-leading pioneer in the use of  
the technology for total marrow irradiation (TMI), a highly-targeted alternative to total body irradiation (TBI) used  
in the treatment of blood and bone cancers. The results City of Hope has achieved with this technique speak for  
themselves. In May 2014, City of Hope treated its 200th patient with TMI using the TomoTherapy System, and its  
first patient recently reached her 10-year survival milestone. 

With more than a decade of clinical experience, City of Hope continues to embrace new platform advances  
and expand the indications for which the TomoTherapy System is used.
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“When we began doing TMI treatments, it became obvious that TomoTherapy was 
a clear differentiator. Volume went up, which convinced the administration that we 
needed a second unit.”

- Jeffery Wong, M.D., Chair
 City of Hope, Division of Radiation Oncology



Dr. Wong’s colleague, Dr. Tim Schultheiss, chief of Physics, 
had served on the External Review Committee for the original 
TomoTherapy Program Project Grant at the University of 
Wisconsin. Together, they surmised it would offer dosimetric 
advantages for head and neck cancers, and vital organ 
sparing in prostate cancer treatment, and hold special 
promise for the treatment of leukemia, lymphoma, multiple 
myeloma and other blood and bone cancers. Dr. Wong 
and Dr. Schultheiss felt the system could allow for a TMI 
technique, complementing City of Hope’s bone marrow 
transplant program, which treats more than 600 patients  
each year. 

After the TomoTherapy System was cleared by the U.S.  
Food and Drug Administration in early 2003, City of Hope 
became one of the first centers to install the system, 
going live with treatments in 2004. “We wanted to be first 
adopters,” said Dr. Wong. “The technology is very exciting. 
It has allowed us to lead important clinical research on 
treatments, such as TMI; gives us the ability to differentiate 
our program; and offers a platform from which we can  
publish our findings.” 

Building on the Technology
Along with new clinical possibilities, a factor that made the 
TomoTherapy System so attractive to City of Hope initially 
was that it could be placed in existing vaults. “We didn’t  
have to wait to remodel the facility to acquire new technology,” 
Dr. Wong noted. In fact, City of Hope added a second 
TomoTherapy System in 2006, long before the facility  
would undergo an expansion in 2012.

While it took nearly two years to convince administration  
of the new technology’s potential and secure purchase of 
the first unit, the decision to add a second TomoTherapy 
System wasn’t nearly as difficult. “It was clear that the 
TomoTherapy technology provided advantages for dose 
sculpting, uniformity and conformality. It was much  
better than our step-and-shoot approach with other 
intensity-modulated radiation therapy (IMRT),” Dr. Wong 
said. “When we began doing TMI treatments, it became 
obvious that TomoTherapy was a clear differentiator.  
Volume went up, which convinced the administration  
that we needed a second unit.” 

             
Leveraging Unique Capabilities 
With conventional TBI, normal organs receive the 
same dose as the targeted bone and marrow,  
resulting in significant toxicities and limiting dose 
escalation options in pursuit of improved overall 
survival rates. 

In developing the TMI technique, the City of Hope 
team stated its “intention was the same as for any 
IMRT plan—increased conformity of the dose to the  
target volume, a reduction of the dose to normal  
tissues, and possible dose escalation to the tumor.”1

 To achieve these goals, City of Hope applies the  
full power of the TomoTherapy System, from  
robust treatment planning to integrated imaging 
to TomoHelical delivery of high-precision beamlets, 
each individually-optimized to contribute to the total 
prescribed target dose. 

Fine-tuning the Technique
During planning, avoidance structures throughout the 
body are defined and contoured with greater weight 
placed on sensitive organs, such as the lungs, heart, 
rectum and small intestine. Target structures vary by  
technique and patient need. 

In TMI, the whole body skeletal bone, including ribs 
and sternum, comprise the target. For total lymphatic 
irradiation, the target is expanded to include the spleen 
and major lymph node areas. For either methodology, 
the TomoTherapy System can deliver treatment  
seamlessly to a target up to 135 cm long. 

According to Dr. An Liu, a medical physicist at  
City of Hope who has conducted comparison studies 
between TomoTherapy and other technologies for TMI, 
the TomoTherapy System “compares favorably because 
of the dose distribution, ease of delivery and ability  

1 Targeted Total Marrow Irradiation Using Three-Dimensional Image Tomographic Intensity-Modulated Radiation Therapy: An Alternative to 
Standard Total Body Irradiation, Biology of Blood and Marrow Transplantation, Vol 12, 2006, pp 306-315
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At a presentation in 1999, Dr. Jeffrey Wong, chair of Radiation Oncology at City  

of Hope Medical Center, heard Dr. Rock Mackie discuss how the TomoTherapy® System 

would change the way radiation was delivered. “What intrigued me was the ability of the 

technology to create a donut-shaped dose distribution for pleural-based disease,  

such as mesothelioma,” he said. 
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As City of Hope clinicians gained experience with the 
TomoTherapy® System, it became their go-to solution for 
image-guided IMRT (IG-IMRT), used for prostate, head 
and neck, large-field IMRT, abdominal, large lymph node 
areas and pleural treatments. Additionally, they applied the 
technology for intracranial stereotactic radiosurgery (SRS). 
The City of Hope experience in many of these areas has  
been published in peer-reviewed literature. 

Despite installing additional linacs capable of IG-IMRT, the 
TomoTherapy System carries the bulk of the workload on 
those cases. “We’ve done head-to-head comparisons of our 
technologies on a number of anatomic sites and TomoTherapy 
compares favorably, particularly for more complex cases.  
The dose sculpting is better,” noted Dr. Wong.

Expanding Applications
With advances in the technology, City of Hope is finding new 
ways to use the TomoTherapy System. The center added 
VoLO™ Planning in 2013 to increase treatment-planning 
throughput, while allowing for highly efficient exploration  
of plan parameters during the planning process. In addition, 
City of Hope added TomoDirect™ Delivery in 2013, 
enabling it to shift more routine breast cancer cases to the 
TomoTherapy System, in addition to the complex breast 
cases already treated with TomoHelical™ delivery mode. 

“We have found it is sometimes too difficult to meet constraints 
for breast treatments on our other linacs,” said Dr. An Liu. “The 
addition of TomoDirect has broadened our options in these 
scenarios. We are seeing a growing number of breast treatments 
on TomoTherapy since upgrading to TomoDirect.”

Marking Milestones
In 2014, City of Hope celebrated both the 10th anniversary  
of its first patient treated on the TomoTherapy System, and  
its 200th patient treated using the TMI technique. 

Reflecting on the experience, Dr. Wong said, “We expected, 
with the adoption of new technology, there would be some 
issues to work through. In retrospect, these issues have 
been minimal. We couldn’t ask for better collaborators 
than TomoTherapy and now Accuray. A strong working 
relationship has been key to our success in advancing the use 
of this technology, and enabling TMI to be used for patients 
in TomoTherapy clinics worldwide.”

A varied case mix
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to treat patients without having any junction issues.”

While in the early days, it took the City of Hope team 
about two weeks to properly contour TMI plans, 
advances in TomoTherapy technology and the team’s 
increasing experience has enabled them to reduce 
treatment planning to one week or, in urgent  
situations, just a few days. 

Escalating Dose
With the TomoTherapy® System, City of Hope has  
been able to realize its vision of dose escalation.  
“Depending on the clinical trial, we will treat patients 
with doses comparable to or higher than the TBI 
protocol,” said Dr. Wong. “But because we are able to 
reduce the dose to normal organs using TomoTherapy, 
the treatment is better tolerated by patients.”

 

Current maximum dose levels for TMI are at  
1,900 – 2,000 cGy, Dr. Wong noted, up from  
the 1,200 cGy level used for initial treatments.

Dr. Wong added that as part of a bone marrow  
transplant regimen, the center has been able to  
treat even the sickest patients, who were referred  
from other facilities, and successfully put the vast  
majority of them into an initial remission. Even 
among these patients, several are years out from 
treatment and still in remission.

City of Hope has completed five clinical trials,  
had one in progress as of early 2014 and expects  
to activate two more in the future. “We are believers  
in this technology and make it a major pillar of our 
radiation oncology program and related clinical trials,”  
said Dr. Wong.

Compartments Created for Each Treatment Plan

Avoidance Structures:
- Lungs
- Oral cavity
- Esophagus
- Stomach
- Small intestine
- Heart
- Kidneys
- Liver
- Parotid
- Thyroid
- Ovaries
- Breasts
- Bladder
- Eyes
- Lens
- Brain

Target Structures:
- Bone/marrow
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* Mandible and maxilla excluded



PRIMARY CONTACTS AT CITY OF HOPE

Administration 
Phyllis Burch, Business Director, Radiation Oncology

Radiation Oncology 
Jeffrey Wong, M.D., Chair

Radiation Physics 
Tim Schultheiss, Ph.D., Chief of Physics 
An Liu, Ph.D., Medical Physicist

For a comprehensive list of City of Hope’s 
TMI-focused clinical trials and publications,  
please contact your Accuray representative.
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