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Historical Aspects of Heavy Ion Radiotherapy 
Mudundi R. Raju 

Life Sciences Division Los Alamos National Laboratory, Los Alamos NM 

Summary 

Historical developments of heavy-ion radiotherapy including cooperation between Japan and 
United States along with some personal reflections are presented. 

Introduction 
My research career started out with an interest 
to pursue neutron capture therapy and Bragg 
peak therapy while I was still a graduate student 
in nuclear physics in India. I never could have 
imagined then that I would ever have the honor 
of presenting a main lecture to a distinguished 
audience like this. I thank the organizers for 
giving me this opportunity. 

I had the pleasure of being associated with the 
developments of heavy particle therapy since 
1961, starting as a postdoctoral fellow at 
Massachusetts General Hospital, Boston, then 
at Lawrence Berkeley Laboratory during 1963-
1971 and, finally, Los Alamos National 
Laboratory since 1971. I also had the 
opportunity to participate in some of the US-
Japan, US-EORTC and US-USSR cooperative 
meetings. 

I will try to present to you some of the historical 
aspects of heavy ion radiotherapy. The 
developments of other heavy particles such as, 
neutrons, pions and protons, in radiotherapy, 
are also related to some of the aspects of heavy 
ion radiotherapy. Although my presentation is 
mainly on heavy ions, I will bring some 
aspects of other heavy particles within the 
context of my presentation. 

Historical developments 
Dr. Cornelius Tobias was primarily instrumental 
in initiating the heavy ion therapy program . 
His interest in heavy ions dates back to his 
graduate student days at Berkeley. In 1938, Dr. 
Louis Alvarez, his thesis advisor, began to 
wonder why everyone was accelerating 

protons, deuterons and helium and not heavier 
nuclei. As Alvarez was interested in using a 
bigger projectile, he put some carbon into the 
37-inch cyclotron and was able to attain a very 
unsteady stream of fast carbon particles. The 
thesis project of Dr. Tobias was an attempt to 
accelerate carbon nuclei at the 60-inch 
cyclotron. He soon found out that Alvarez was 
using the wrong gas, methane, in the arc ion 
source. Methane produced a large number of 
hydrogen ions, which apparently overwhelmed 
the carbon ions in the arc. One day, Dr. Tobias 
tried carbon dioxide. This yielded clean 
resonating beams of carbon and, alternatively, 
of oxygen. He became quite excited because he 
recognized that this could be the beginning of 
nuclear science with heavy ions. His thesis in 
1942 was entitled "High Energy Carbon 
Particles". This thesis, like most other nuclear 
physics research during the war, became 
classified as soon as it was written. He studied 
nuclear interactions with carbon using nuclear 
emulsions and found multiple-pronged events. 
The laboratory decided to use the 60-inch 
cyclotron for producing more plutonium during 
the second world war and, hence, the 
experiments of Tobias were stopped. As a 
graduate student, he also assisted the fast 
neutron therapy program conducted by Stone 
and Lawrence. After the war, in 1950, his 
thesis was unclassified and was published as a 
laboratory report (UCRL 1039). Dr. Tobias, in 
a talk to the American Physical Society, 
proposed the idea of using a linear accelerator as 
an injector to a cyclotron for producing high-
energy heavy ions. 

Zirkle had already demonstrated, in 1935, big 
biological effects of alpha particles from 
polonium and, subsequently, with fast 
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neutrons'1™. Since the protons did not 
produce biological effects much different from 
X-rays, it was then thought that heavy ions had 
all the advantages of protons and, in addition, 
they also had a high-LET effect. 

Rationale of heavy ions in 
radiotherapy 

The rationale for the use of heavy ions in 
radiotherapy comes from the study of low-
energy heavy-ion effects on cultured cells by 
Paul Todd at Berkeley using the low-energy 
heavy-ion accelerator (HILAC) and the Lloyd 
Skarsgard, Deering and Rice from Yale 
University HILAC during the early 1960's. 
The rationale was that the radioresistance of the 
tumors could be due to the presence of hypoxic 
tumor cells and/or the tumor cells in 
radioresistant phases of the cell cycle (2,8,9) 
The earlier studies by Barendsen using low-
energy alpha particles from polonium indicated 
that the OER of 3-Mev alpha particles was close 
to unity. The low-energy heavy-ion studies also 
indicated that the OER for carbon ions with 
energy of about 10 Mev/u was also very close 
to unity, and there was practically no variation 
of radiosensitivity as a function of cell cycle. 
Unlike for fast neutrons and protons, from a 
radiobiologic point of view, there is a large 
variation in heavy-ion effects with both energy 
and energy modulation required to treat large 
tumors. The extrapolation of the effects 
observed at low energies to high energy turned 
out to be a lot more complicated and the 
expectations of achieving very low OER were 
not materialized. 

High energy heavy ion beams 
Heavy ions with ranges adequate for 
radiotherapy were not available until 1974, 
when two existing accelerators at Lawrence 
Berkeley Laboratory, the heavy ion linear 
accelerator (HILAC) and the Bevatron were 
modified and connected together to accelerate 

heavy ions to energies suitable for heavy ion 
radiotherapy. This combined facility was 
known as Bevalac and this was the only 
biomedical heavy-ion facility in the world, until 
its eventual shutdown in 1993. 

Soon after the availability of high-energy heavy-
ion beams, an extensive series of 
radiobiological experiments were conducted at 
Berkeley^). I had the privilege of conducting 
radiobiological experiments for the first time 
using radiotherapeuticaUy appropriate heavy-ion 
beams, by broadening their narrow Bragg 
peaks to 10 cm width<4)- These results 
surprised everyone, because of the expectations 
based on the data of low-energy heavy ion 
beams. The OER of carbon ions at the centre of 
the 10 cm wide peak, for example, was found 
to be higher than the OER of fast neutrons. In 
those days, there was an undue emphasis on 
OER. We also found that the reduction in 
variation of radiosensitivity as a function of cell 
cycle after exposure to therapeutically relevant 
heavy-ion beams is not anywhere near that 
obtained with 
low-energy heavy-ion beams'^'"). These 
results were not popular among heavy-ion 
enthusiasts at that time. 

US-Japan cooperation 
High energy physicists in spite of their big 
egos, in the best interests of science, have 
developed an international scientific culture that 
enabled them to work together beyond their 
national boundaries. Dr. Wilson, the proponent 
of protons in radiotherapy, also played a major 
role in promoting this international culture in 
high-energy physics. Particle therapy benefited 
from this culture. Even during the cold war, 
international collaboration in particle therapy 
flourished and took advantage of high-energy 
physics facilities around the world. 

US-Japan cooperation in this field was 
established nearly 20 years ago by the US 
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National Cancer Institute and the corresponding 
organizations in Japan, under the leadership of 
Dr. Glenn Sheline. This cooperation started out 
with fast neutrons. In the 1970's, there were 
competing proposals for building pion and 
heavy-ion facilities in Japan, and a total neglect 
of protons. The thinking was that pions and 
heavy ions have all of the advantages of protons 
and, in addition, they have the high-LET 
advantage. I had the privilege of attending the 
US-Japan cooperation meeting in 1979. I felt, 
at that time, the need to stress the importance of 
building proton facilities while continuing 
research with the existing heavy-ion and pion 
facilities in the US, Canada and Switzerland. I 
also proposed the importance of having young 
Japanese physicists and radiation oncologists 
working in the above facilities, who would then 
provide guidance on the basis of their first hand 
experience and knowing the needs of Japan. 
The Japanese leaders must have thought along 
similar lines because, within a year, I was 
pleased to see Japanese physicists, 
radiobiologists and radiation oncologists 
working in Los Alamos, Vancouver and 
Villigen. I am also pleased to see that Dr. Tsujii, 
who worked in Los Alamos as well as in 
Villigen, is now heading the clinical program 
here at HIMAC. The particle radiotherapy 
programs in Japan are in the hands of 
experienced people and we wish them every 
success in their challenging endeavors. 

Some reflections 
Most of the experience with heavy ions at 
Berkeley was with neon ions. We have more 
experience with pions than with carbon ions. 
Our radiobiological data show some similarities 
in radiobiological effects between carbon ions 
and pions. There are no plans (and, probably, 
there never will be) to build biomedical pion 
facilities in the world, because of cost. There is 
a need to analyze the clinical data obtained from 
Los Alamos, Vancouver and Villigen. Such 
data will have some relevance to light ions such 
as carbon. 

Dose localization and flexibility in beam 
delivery made considerable differences in 
reducing the morbidity of the treatment with fast 
neutrons. The morbidity of proton treatment 
can be expected to be further reduced with 
proton gantries now being used at Loma Linda. 
The heavy-ion beams, in principle, can have 
considerably lower treatment morbidity than fast 
neutrons especially with the treatment flexibility 
now being introduced at HIMAC. 

The results with protons as well as with fast 
neutrons in the treatment of locally advanced 
prostate cancer, are impressive^''). The 
effectiveness of fast neutrons in treating well-
differentiated tumors was demonstrated 
convincingly. There is a suggestion that proton 
boost compared to X-ray boost, is more 
effective only on proliferating prostate 
tumors^'\ Heavy ions may be useful in treating 
prostate tumors, both proliferative as well as 
non-proliferative, by choosing different heavy 
ions. Recent developments in sophisticated 
imaging techniques helped to make use of the 
excellent dose distributions of heavy charged 
particles. Because of the biological complexities 
of tumors and their variations from patient to 
patient, the optimum utilization of high- LET 
beams requires considerable research effort in 
developing predictive assays to identify tumors 
that have better prognoses for high LET. The 
clinical experience with fast neutrons is relevant 
to heavy ions with regard to the potential 
applications of high-LET radiations. The 
clinical experience with fast neutrons gained by 
Dr. Tsunomoto and his colleagues at Chiba, and 
with protons by Dr.Tsujii at Tsukuba, should 
help the heavy-ion program at HIMAC. In 
principle, for the tumors that are found to be 
treated better with fast neutrons compared to 
conventional radiations, heavy ions should be 
better than fast neutrons because of their good 
localization characteristics. An international and 
cooperative effort is required to find the 
appropriate role for heavy ions in radiotherapy. 
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I am pleased that the IAEA is also involved in 
organizing this International meeting. Human 
talent is not restricted only to the developed 
countries. I hope that the IAEA will play a 
supporting role in giving an opportunity to the 
talented physicists, radiobiologists and radiation 
oncologists from developing countries to work 
in heavy-ion programs in Chiba and Darmstadt. 
This in turn, could stimulate further 
developments in the field of radiation oncology. 

I would like to conclude with a philosophical 
note, which we need to keep in mind when we 
are engaged in high technology to improve the 
quality of life. High technology has a way 
controlling us rather than to be a useful tool 
under our control to improve the quality of life 
for everybody. While we are engaged in 
sophisticated technology in improving results of 
cancer treatment, it is also equally important to 
see that at least, standard forms of treatment are 
available for every cancer patient in the world. 
To alleviate human suffering using high 
technology, it is not enough just to be 
technically competent, but one also needs to be 
a good person, which is much harder, as 
beautifully expressed by Kenzaburo Oe in his 
Nobel Prize lecture. Thank you for your 
attention. 
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* 

Prof. CJV. Tobias (picture taken by the author during U.S.-Japan Cooperative Meeting held in KYOTO 
in May, 1979, while sharing room in SUMIYA RYKON Hotel. 
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