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Current Status of KHIMA Project 
 

Mi-Sook Kim1*, Sang-Hoon Nam2, Won-Gyun Jung2, Young-Seok Seo1 

 
1Korea Cancer Center Hospital, KIRAMS 

2Korea Heavy-ion Medical Accelerator Project, KHIMA 
*E-mail:mskim@kirams.re.kr 

 
KHIMA project started from 2010, and now is constructing heavy ion particle therapy system, which includes 

a synchrotron generating a carbon of 430 MeV and proton of 230 MeV beams, 3 treatment rooms with horizontal 

and vertical beams, and pencil beam scanning. The location of KHIMA is Busan city in Korea, where is Korea’s 

2nd largest city with a population of about 3.5 million. The building of KHIMA is located close by Dongnam 

Institute of Radiological & Medical Sciences, which is a branch hospital of KIRAMS. The building construction 

would be completed at April 2016. Now we are getting ready for manufacture, installation, assembly of accelerator 

and treatment system to finish as scheduled by December 2017. Several research project and biological 

experiments for radiosensitizer candidate of carbon beam have been done with cooperation of NIRS.  
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The UCSF / North American Particle Therapy Alliance Plans for a National 

and International Program in Ion Beam Therapy Research - 2016 Update 
Reinhard W. Schulte, MD, MS on behalf of NAPTA 

Investigator Particle Therapy Research Program 

Department of Radiation Oncology 

UCSF Helen Diller Family Comprehensive Cancer Center 

1600 Divisadero Street, Suite H 1031 

San Francisco, CA 94143-1708 

Reinhard.Schulte@ucsf.edu 

Abstract 
The North American Particle Alliance was founded to support efforts for establishing a National Center for 

Particle Beam Radiation Therapy (PBRT) Research in the United States with international participation. The 
research center will be associated with an independently funded clinical facility for PBRT. In February 2015, 
NAPTA was awarded one of two P20 research grants from the National Cancer Institute. Here we report on the 
activities that took place during the first year of P20 funding and progress made with respect to the various 
challenges of developing sustainable, clinically centered PBRT research.  

 
Introduction 

Ion beam therapy originated at the Lawrence Berkeley National Laboratory (LBNL) in California with 
pioneering work by C.A. Tobias et al at the 184-Inch Synchrocyclotron with clinical applications of proton and 
helium beams, with over 1000 patients treated through 1974 with high-energy plateau radiation for mostly 
pituitary fields [1]. In 1975, LBNL and the University of California, San Francisco (UCSF) continued this 
development by conducting a series of radiobiological [2] and clinical studies [3] with different ion species 
including helium and neon beams. These studies involved more than 2,000 patients with solid tumors and 
arteriovenous malformations. The LBNL-UCSF program ended in 1993 with the budget-forced closure of the 
LBNL treatment facility. From this initial experience much insight into ion radiobiology and clinical experience 
was gained. In particular, we learned that there was much promise in the physical and radiobiological 
characteristics of ions that makes them attractive for tumors difficult to cure with photon or proton therapy but 
that further technological development and basic research was needed and that only randomized trials would 
eventually answer the key questions surrounding the value of ions in radiation therapy. The clinical experience 
with carbon ions for radiation therapy continued at the National Institute of Radiological Sciences (NIRS) in 
Japan and at the Gesellschaft für Schwerionenforschung (GSI) in Germany. To date more than 10,000 patients 
have been treated with carbon ions in Japan, Europe, and China and this number is slowly increasing as more 
carbon facilities have opened or are under development. However, no randomized trials with carbon ions have 
been completed to date and experience with other ions heavier than protons has not further been gained. 

Recognizing the need for more research in ion beam therapy, the U.S. National Cancer Institute (NCI) and 
Department of Energy (DOE) jointly organized a workshop on ion beam therapy in Bethesda, MD, January 2013, 
where more than 60 experts convened to define needs and challenges in ion beam therapy (including 
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protontherapy1.  In order to further advance research of the potential benefits and clinical usefulness of particle 
beam therapy approaches to cancer treatment. NCI and DOE subsequently released separate but related requests 
for research proposals: (1) proposals for planning efforts establishing a National Center for Particle Beam 
Radiation Therapy (PBRT) Research in conjunction with an independent commitment to construct a clinical 
facility in the U.S. (NCI P20 grants), and (2) applications supporting new efforts to develop the next generation 
of particle accelerators and magnets guiding ion beams, in order to make these key technology components 
smaller, lighter, and much less costly (DOE Accelerator Stewardship Program). In response to the former 
announcement, the North American Particle Therapy Alliance (NAPTA) was formed in February 2013 and was 
awarded one of the two P20 grants the NCI, the second going to the University of Texas (UT) Southwestern 
Dallas.  

NAPTA brings together U.S. experts in radiation oncology, medical and accelerator physics, magnet design, 
and radiobiology with international experts from the ion beam facilities in Germany, Italy, China, and Japan. 
NAPTA’s initial primary focus, currently funded by the P20 grant, is to build the infrastructure needed to 
facilitate research in optimizing PBRT delivery and clinical trial design. The long-term goal of NAPTA is to 
perform clinically relevant research using protons and other light ions up to neon in the future PBRT clinical 
center.  The purpose of this contribution is to summarize what has been accomplished in the first year of 
NAPTA’s P20 grant and to give an outlook and what is next. 

 
The seven major challenges of particle beam therapy 

In its initial review the NAPTA P20 team at UCSF identified 7 major challenges that need to be overcome in 
order to advance PBRT to its next stage, which were cast into the acronym “RESIDUE” [4]. These challenges 
include, without any relevance to the order of listing, the following: 

1. Radiobiology to address uncertainty in optimal fraction sizes and doses and RBE (biological) 

2. Exchange of technology, funding, and infrastructure between academic centers, payers, industry and funding 

agencies (operational) 

3. Size/weight of accelerators and gantries (accelerator physics/engineering) 

4. Integration of technology to advance key areas from beam acceleration and delivery, through treatment 

planning and image guidance (medical physics/engineering/computer science) 

5. Define the patient population to be studied; that is, “who really needs PBRT” (clinical) 

6. Uncertainties of dose and range at the end of the Bragg peak (imaging and detector physics) 

7. Evidence of clinical effectiveness and cost-effectiveness (societal) 

 
 

                                                        
1http://science.energy.gov/~/media/hep/pdf/acceleratorrdstewardship/Workshop_on_Ion_Beam_Therapy_Report_Fin
al_R1.pdf  

Progress made towards meeting these challenges 
During the first 10 months of our P20 grant we have begun activities addressing these RESIDUE challenges 

as outlined in the following subsections. 

Radiobiology 
A radiobiology meeting, addressing RESIDUE challenge 1, was held by teleconference on September 15, 2015. 

Participation, which was by invitation, included 10 radiation biologists and other interested scientists from UCSF, 
MGH, Stanford, UCLA, and UTSW. The meeting addressed one of the key questions in particle therapy 
radiobiology: Whether heavy charged particles would result in a more robust immune response than x-ray or 
proton based radiation. The meeting participants shared their knowledge on what is known about molecular 
mechanisms or radiation that could stimulate the immune response, what is the dose fraction size dependence of 
that response, and whether we can design clinical trials that compare the immune response to proton and ion 
therapy to stereotactic body radiation therapy with photons for specific tumors sites, including lymphoma, 
melanoma, and renal carcinomas in particular, and possibly other radioresistant tumors. 

The traditional line of investigating the benefits of ion beam therapy has been to treat cancer focusing on the 
local treatment of relatively radiation-resistant and in many cases relatively rare cancers [5].  However, there is 
limited preclinical and anecdotal clinical evidence that, in addition to local effects, ion beam therapy appears to 
reduce the metastatic potential of tumors.  For example, Ogata et al. examined the biological properties of highly 
aggressive HT1080 human fibrosarcoma cells to assess their metastatic processes in terms of cell adhesion 
capability to extracellular matrix, expression of integrins, cell migration, cell invasive capability, and matrix 
metalloproteinase-2 activity in vitro [6]. They showed that carbon ion irradiation suppressed metastatic potential 
even at lower dose, whereas photon irradiation promoted cell migration and invasive capabilities at lower dose 
level, and thus provided preclinical evidence that ion beam radiotherapy may be superior to conventional photon 
beam therapy in possible preventive effects on metastases of irradiated malignant tumor cells.  A number of 
recent studies have shown that radiation can play a critical role in the tumor-related immune response [7]. The 
body of work suggests that radiation therapy generates an in situ vaccine by inducing release of antigens in 
association with pro-inflammatory signals that trigger the innate immune system to activate tumor-specific T 
cells overcoming some of the barriers to tumor rejection. For 2016, we are planning to launch a collaborative 
research program addressing this compelling question. Our proposal will systematically investigate whether there 
is differential benefit to the use of carbon ions to induce such responses.  The proposed work will involve several 
lines of investigation to determine whether surrogates or markers for this differential effect can be identified and 
utilized clinically.  If successful, we will be able to show that in addition to use against relatively rare locally 
advanced tumors, there may be a role for ion beam therapy in treating patients with advanced local and/or 
systemic disease in conjunction with immunologic therapeutic agents. 

Accelerator physics and engineering 
A meeting on this topic, addressing RESIDUE challenge was held by teleconference on September 29, 2015 

to discuss particle therapy accelerators and beam delivery systems. Participants included 8 accelerator, magnet, 
and gantry experts participating from BNL, LBNL, PAC/NFAL and SLAC along with the 4 P20/NAPTA team 
leaders and Pilot Projects co-PI’s and a radiation oncologist with long-standing interest in particle therapy (Dr. 
James Welsh from Loyola University). The meeting was called to address a key technology challenge: To define 
the technology that we should develop to achieve the necessary level of compactness and cost-effectiveness for 
ion beam delivery systems in the next 5 years. In other words, what is the most promising compact medical 
accelerator and beam line design that would serve our needs for proton and ion therapy? A summary of the major 
conclusions from this meeting follows: 
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1. Ion gantries are desirable, but the real need for 360 degree gantries remains an open question that 
should be studied scientifically. Other options to direct the beam to the tumor from different angles 
exist and are being explored or designed.  

2. Superconducting magnets would make gantries much more compact, but one needs to pay attention 
to momentum acceptance and speed of scanning in the longitudinal (beam) direction. 

3. Fixed field alternating gradient (FFAG) accelerators are an attractive design concept for the next 
generation of medical ion accelerators. A scoping study that puts medical needs upfront is desirable. 

4. The only other reasonable option seems to be the rapid cycling synchrotron (RCS) developed at 
BNL, but FFAG would clearly have advantages in terms of compactness and speed. 

5. Nonetheless, classical cyclotrons and (slow-repetition) synchrotrons should not be considered an 
option. 

6. Starting with helium ions is attractive as it would ease the development. Later upgrade to heavier 
ions and adding additional rooms to a single vault seems feasible. 

7. One should pay attention to integrating particle (proton or helium) imaging in future beam lines. 
8. Separation of low-intensity imaging and high-intensity treatment is important for future designs. 

Many of the points mentioned were also discussed at the NAPTA review meeting at ASTRO in October 2015, 
and at the workshop entitled “Ion Beam Therapy: Clinical, Scientific and Technical Challenges” at the Queen 
Elizabeth University Hospital, Birmingham, UK, January 19-20, 2016, see http://indico.cern.ch/event/456299/. 

P20 pilot research 
The NAPTA team at UCSF is engaged in pilot research addressing the range uncertainty of ion beams 

(RESIDUE challenge 4) and the uncertainty of RBE of ion beams (RESIDUE challenge 1). The UCSF 
investigators leverage their collaboration with the proton CT (pCT) collaboration that has successfully built a 
pre-clinical proton CT scanner with funding from the National Institute of Biomedical Imaging and 
Bioengineering. The pCT scanner has been shipped to the Northwestern Medicine Chicago Proton Center (CPC) 
in Warrenville, IL, where it has been used for ongoing studies of proton CT. One should remember that the 
concept of NAPTA is to develop research capabilities as a virtual center, utilizing existing expertise in different 
parts of the world and organizing it in a synergistic fashion before the National Center for Particle Beam 
Radiation Therapy Research comes into existence.  

The RBE problem will be addressed by utilizing an entirely new approach based on clustering of ionizations 
on the nanometer level. The underlying assumption is that the biological effect for a given biological system is 
mostly determined by the frequency of intermediate to large clusters of ionization in volumes of DNA dimensions. 
Thus equal biological effectiveness would be achieved by obtaining a uniform cluster size distribution throughout 
the target volume. Clustering statistics can, in principle, be obtained from Monte Carlo simulations, that would 
need to be validated with experimental nanodosimeters. This is a very active field of research that will be part of 
the NIH funded P20 pilot research in 2016. 

Planning for enhancement of clinical PBRT research 
A major research question of NAPTA and the P20 project (RESIDUE challenges 5 and 7) has been to define 

the best strategy to determine whether the trials testing ions heavier than protons should involve primarily the 
treatment of radiation-resistant tumors as traditionally discussed in the literature [5], or whether the issue of a 
differential response to the immune response, should be a key first step. This was already mentioned under 
Radiobiology above and was further discussed at the ASTRO NAPTA meeting in October 2015. From the 
discussion with our NAPTA colleagues we have determined that because it will take at least 5 years (or more) 
for a clinical ion treatment facility to be built in the USA, and there is currently no reimbursement for the use of 

this technology, definitive evidence based on randomized trials conducted in the USA are not likely to be 
launched and completed in the next few years. If we could demonstrate that there is a differential benefit to the 
use of ions to induce enhanced immune responses, the time to complete trials could be shortened. We further 
determined that it would be feasible to launch the desired Phase I-II trials using the existing ion beam facilities 
available via our NAPTA collaborators in Japan, China, Germany and Italy, now if we could acquire funding to 
support treatment there. At this point, we have engaged representatives from the NCI, FDA, and CMS to discuss 
funding issues related to the trials we would like to launch. Although the FDA and NCI are generally supportive 
of our plans, the representatives from CMS informed us that it currently not possible for them to provide financial 
support for clinical treatment in a foreign country, except for emergencies. In 2016, we will engage contacts at 
the NCI and Congress to change this ruling and move our plan to utilize existing ion beam facilities forward. 
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