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ABSTRACT
Neutrons produced by research reactors are being used in nuclear medicine and other medical
applications in several ways. The High Flux Reactor (HFR) based in Petten (The Netherlands),
owned by the European Commission, has been working increasingly in this field of health care
for the European citizen. On the basis of this experience, a survey has been carried out on the
main possibilities of neutrons used in nuclear medicine. The most important and most well
known is the production of radioisotopes for diagnosis and therapy. Ten million patients
receive nuclear medicine in Europe each year, with more than 8 million made with the
products issued from research reactors. The survey of the market and the techniques
(cyclotron, PET) shows that this market will continue to increase in the future. The direct use
of reactors in medicine is actually made by the Boron Neutron capture Therapy (BNCT) for
the treatment of glioblastoma, which kills about 15.000 people in Europe each year. For this
promising technique, HFR is the most advanced for experimental possibilities and treatment
studies. Medical research is also made in other promising fields: the use beam tubes for
characterizing of prostheses and bio-medical materials, alpha-immuno therapy products, new
types of radioisotopes, new types of illness to be treated by BNCT, etc.

> Introduction

The High Flux Reactor (HFR) is located in Petten (The Netherlands). The European Commission is the
owner and license holder. The reactor is operated by NRG (Nuclear Research Group) under contract to
the Commission. During the last few years, the reactor has increasingly been used in the medical field.
This paper gives us an overview of the medical applications and the place of HFR in a market essentially

-devoted to radioisotope production, direct treatment by neutrons (BNCT) and other general medical
research.
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> Production of radio-isotopes for medical applications

Status of radioisotopes used in the medical field
Nuclear medicine (with radioisotopes) makes today about 10 million procedures per year in the European
Community.

Diagnostics : 90%
Therapy : 10%

The partition by radioisotope use is as follows:

Diagnostics:
Technetium: 70% ]

r Reactor production
Others: 5% J

Tl and others 16%+9% : Cyclotron production

Therapy:
Internal and external therapy: only reactor production.

Hence, 75% of the isotopes used for diagnostics are produced in reactors, whilst 100% of radioisotopes
for therapy come from reactors.

Industrial status
In Europe, four industrial companies dominate the market:
Amersham - Nycomed, CIS-BIO, Mallinckrodt, Nordion (+ Dupont).
Other producers are working more in research or on smaller specialized markets.

Market evolution
The market is growing. It is estimated that over 20M nuclear medicine procedures are carried out every
year of which =50% are in European countries. The financial implications of this market segment and the
role of isotopes can be described by the following table; which gives some figures for the US market:
Total US 'nuclear medicine' healthcare market $8 to 12B
Total US radio-pharmaceutical market S817M
Total US radioisotope market $ 150M
Forecasting the size of these markets is often not accurate and depends on many factors which include
governmental health care budget spending, also the 'discovery' rate of new agents as well as the
availability of the appropriate radioisotopes. Some new markets are in high expansion (for example about
10% / year for internal radiotherapy), with the other part of the market increasing by about 2 to 3% / year.

Status of HFR in radioisotope market
The relation between reactor production and number of procedures is not straightforward, especially for
diagnostic activities where relation between activity produced and number of diagnoses is not directly
available, but a rough estimation shows that at least 25% of European diagnoses are made with products
issued from HFR.

On the other hand, part of HFR 99Mo production is used outside Europe, especially in the USA (more than
1.000.000 diagnostics).
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We have to add to this production, for diagnosis, all the production of the radioisotopes used for therapy
(strontium, iridium, samarium, etc.)

These figures identify the HFR as by far the most significant medical isotope facility in Europe. The
specific features of the HFR which support its highly competitive position are
• Very high annual availability (more than 270 operating days a year),
• High thermal flux availability,
• Reliable and predictable operating calendar,
• Flexibility by a large number of accessible irradiation facilities,
• Full-scope quality control-quality assurance systems,
• Proven transport logistics and time management using two international airports.

Collaboration with other reactors
For the main product (technetium / 60% of all nuclear medicine procedures), several things are important
to understand. The transportation of the irradiated targets to the process unit can only be made by trucks
with heavy containers. Hence, the reactor must not be too far away from the process unit.
The half-life is relatively short. 99Tc (half-life 6 hours) is produced as a result of the decay of "Mo
obtained as a fission product of uranium after irradiation. The relatively short half-life (67 hours) shows
that a prompt work between reactor irradiation, manufacturing of cows and hospital use is necessary. On
the other hand, it shows also that continuous production must be necessary to maintain medical activity.
To satisfy this requirement, a collaboration has been formed between the reactors HFR, BRII, Osiris and
two producers (IRE, Mallinckrodt) to maintain a continuous European production.

Competition with other techniques
Accelerators
25% of diagnostic treatment is assured by products from cyclotron production. This part of market is
not actually increasing and is limited essentially to 201Tl, 47Ca and 123I. It should be very clear that the
products made by cyclotrons are not the same as by reactors and that they are more complementary than
competitors.

PET
Positron Emission Tomography is a very promising, diagnostic technique, using products with short half
lives such as 18F and UC created by accelerators on-site.
The provision for Europe is about 100 PET machines over the next 5-10 years. However, this technique is
more competitive in the field of non-nuclear medical imaging techniques.

Non Nuclear methods
Non-nuclear medical imaging techniques, including tomographic methods, have seen considerable
improvements during recent years, without impacting on the simultaneous expansion of nuclear medicine.

Conclusion
In the short term (5-10 years) the impact on the market of RI reactor producers is not threatened by new
emerging techniques or by cyclotron utilization.

World Market
• To support reactor production, there are four main world radioisotope producers (Nordion,

Mallinckrodt, Amersham, CIS-BIO, plus a lot of local producers, often only with limited commercial
distribution possibilities. Nordion with about 70% of the world production and with the two Maple
reactors under project, attempt to have a world monopoly. The European organization
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MallinckrocMRE and HFR/BR2/Osiris, are producing the remaining part of the world market. This
European position has to be maintained for several reasons:

- Loss of industries behind this production
- In case of problems: (e.g. strike in Chalk River in 1998, safety difficulties on a Maple reactor
etc.) tremendous difficulties will occur for health care in Europe due to the monopolistic position
ofNordion.
- In case of monopoly, the cost of produce cannot be maintained. A huge cost would be
paid by health companies in Europe to continue to assure 10.000.000 annual treatments (first
estimation is 20-30 millions US$ per year).

• The need of specialized reactors for radioisotope production, in the world, is very clear as exemplified
by the Maple project for Nordion in Canada, Australian project, USA project with FFTF etc. This
work can be assured in Europe by existing reactors.

Conclusion
• Radio-isotope production in reactors remains a growing market for the coming years
• The pivotal point for European organization, behind the radiopharmaceutical industry, is the HFR

reactor in association with BRU and Osiris
• Millions of patients are treated each year in Europe.

> Cancer treatment by neutrons (BNCT)

Principle of BNCT
The principle is to inject a boron-containing drug which goes selectively into the tumor cells. When
exposed to a flux of thermal neutrons directed to the tumor area, the thermal neutrons are captured by the
boron, which then disintegrate instantaneously producing highly energetic particles within a very short
range in tissue (10 microns).
Therefore, it is possible to kill selectively the tumour cells.

Potential of BNCT research
Glioblastoma, the illness in the current trial, kills about 15000 people each year in Europe. Other cancer-
diseases kill millions, and there is the possibility being performed at Petten that BNCT could be used for
non-cancerous diseases such as diabetes and for other cancers, e.g. other types of brain tumours,
melanoma and liver cancer. It is a very promising therapeutic approach by the theoretical expectations
need to be fulfilled by clinical trials. If this research in BNCT becomes successful, new reactors will be
necessary in Europe.

HFR status
When the HFR vessel was replaced in 1984, the layout of the twin HB11/HB12 beam tubes made it
possible to design a BNCT facility. The design of the facility, including neutron filters, beam shutter,
clinical room, patients' access, etc., was realized in 1990. Clinical trials have been carried out since
October 1997. At present, 10 patients with glioblastoma have been treated in the HFR.

Other reactors
In this field of research, there is presently collaboration with other reactors.
In Japan, two reactors are in modification to perform BNCT on patients (JRR-4, and Kyoto University, in
1998/99), in USA two reactors are already operating (BMRR Brookhaven and MIT reactor) and in
-Europe, a Triga reactor in Finland has been modified to become a dedicated reactor for BNCT (first
patient in 1999).
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There is evidently a real movement in the world on the subject with a strong collaboration.
Dr. Sauerwein responsible for the trial in the HFR programme is the president-elect of the International
Society for Neutron Capture Therapy, thus highlighting Petten's scientific collaborative way.

European dimension
• The European collaboration on BNCT in Biomedl was founded in 1987. The group consists of over

40 research centers in 14 countries. It set itself two priority tasks:
- To initiate clinical trials of glioma at the earliest date at the HFR Petten (which are ongoing now).
- To create conditions that other tumours can be treated at the HFR and at other European sites.

The European dimension of this work can be measured against the following facts:
• The HFR is the only European reactor with a fully operational BNCT facility
• The BNCT Group (see above) is trans-European (6 hospitals from 5 countries)
• Technology and know how are available to other EU member countries who want to build up their

own BNCT facilities
• BNCT is supported by, and coordinated with, the relevant Commission's health care programme.

Conclusion
• BNCT is a very promising technique that could be used in a lot of fields with the progress of selective

chemical drugs, but needs to be fulfilled by clinical trials.
• First 10 patients treated in 1997/98 have given great hope to the world's scientific, and medical

community
• The place of HFR is recognized as the first in Europe (and perhaps in the world).

> Other research

Research on new radioisotopes
A lot of companies are performing research on the production of new radioisotopes.
To satisfy new requests, HFR carries out all the necessary analysis work to permit the irradiation and
furnish these new promising products.

Research on bio-medical materials
Neutron diffraction provides a method of measuring residual stress non-destructively stress non-
destructively, deep within materials. Characterization, including internal stress measurements, of
inorganic bio-compatible material interfaces and human implants will be tried with this method.

Alpha-immunotherapy
The application of alpha emitters like 213Bi, 223Ra and 225Ac has been investigated over the last five years,
in particular by R&D carried out at JRC (Institute for Transuranium Elements) Karlsruhe. Potentially
these products could deliver very high doses in a very small range for the treatment of distributed cancers
(metastases, leukemia). HFR would have the necessary facilities for neutron production and pre- and post-
irradiation handling of such sources.

> Conclusion

Ten million patients are treated (diagnostic and therapy) each year in Europe by nuclear medicine and
80% with products obtained in research reactors. This number has been increasing year by year, and is not
in real competition with other techniques (cyclotron etc.). BNCT is a very promising technique and HFR
is the European leader in this field. Other techniques can be used in the reactors for research (the use of
beam tubes for bio-material, new radioisotopes, alpha immunotherapy etc.)
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