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Title : CYCLOTRON PRODUCTION OF POSITRON EMITTING
RADIONUCLIDES

Author : R D Neirinckx

Presented by: R D Neirinckx

Positron emission occurs from isotopes that are proton rich and
which therefore can most easily be produced by a charged-particle
accelerator. Positron-emitting radionuclides play an important
role in in vivo research: their imaging characteristics include
high resolution and high detection efficiency. Since carbon,
oxygen and nitrogen have positron-emitting isotopes the
technology can use radiopharmaceuticals which are virtually
identical with naturally-occurring molecules. Because of the
small quantities used they open up the possibility to safely
study a large variety of biochemical phenomena in man. Metabolic
trapping of analogues of natural substrates, like deoxyglucose,
and receptor binding can be used to concentrate
radiopharmaceuticals in a variety of organs. Through the
application of appropriate models the kinetic parameters that
control the concentration of the compound can be elucidated.
Since the positron-emitting isotopes of the most interesting
elements are short lived, the end user must be close to the
cyclotron and fast and efficient production and work-up
procedures are a necessity. The production restrictions can be
eased if the isotope can be made available from a generator. Most
generators for positron-emitting isotopes are based on
cyclotron-produced mother isotopes. Generators for Ga-68, Rb-82,
Mn-52m, Cs-128, have been developed. For some, like Ga-68, the
formation of complexes can lead to biologically interesting
molecules but most work remains to be done in that area.
Furthermore, since the generator-produced positron emitters aim
at a wider and routine application of the technique they must
compete with planar or single-photon tomographic techniques which
employ cheaper detector systems and widely available Tc-99m.
Isotopes with attractive elemental characteristics, such as Rb-82
or Mn-52m have a better chance of establishing a niche for
themselves, since they do not require chemical manipulation after
their generation.



(2)

Title : MEDICAL RADIONUCLIDE PRODUCTION AT THE NAC, FAURE:
PRESENT STATUS AND FUTURE PROSPECTS

Author :• S J Mills

Presented by: S J Mills

The separated-sector cyclotron facility of the National
Accelerator Centre at Faure will in all probability become
operational in March 1986, when the first external beam is
expected to be extracted from the main accelerator. One of the
basic aims of the Centre is the production of radioisotopes for
medical and biological applications. The envisaged radioisotope
production programme will endeavour to satisfy existing as well
as new requirements, explore new applications and, where
circumstances permit, create an export market for radioisotopes
produced at Faure.

Preparations for the initial radioisotope production programme,
which will probably commence during the second half of 1986, have
now reached an advanced stage. Building construction of the
radioisotope production block as well as the nuclear medicine
block is complete and most of the basic facilities and equipment
needed for this programme are available, or will be available
shortly. Special attention has been given to the production of

I and Tfc, which have been identified in a national survey
conducted by the Nuclear Medicine Working Committee of the NAC as
the first two radioisotopes which should be made available on a
routine basis to hospitals and other organizations in South
Africa for diagnostic and research purposes. As soon as
sufficient experience has been gained with the production of
these two radioisotopes, the programme will gradually be expanded
to include other radioisotopes in demand locally, as well as
radioisotopes suitable f or -export, n Some., possibilities for cthe
local market are I55ffiHg/I95ffiAu, I 2 7Xe, l ï XIn, 8IRb/BImKr, 67Ga
and, possibly, the..short-lived positron-emitting radionuclides

129' N' 20? a n d F a t a l a t e r s t a 9 e ' while 3TCo, 8*Sr/BZRb,
Xe and TJ*, amongst others, could be considered for export.



T i t l e : STATUS REVIEW OF CYCLOTRON-PRODUCED (3)
RADIOPHARMACEUTICALS

Author : A J van Wyk

presented by: A J van Wyk

Iodine-123 still plays a central role regarding
cyclotron-produced radiopharmaceuticals due to its,known nuclidic
advantages. Concerning brain studies I-HIPDM and
•^I-iodo-amphetamine are excellent for r CBF studies while
1 2 I-LSD and I-methyl LSD are very promising for neuroreceptor
studies. In terms of myocardial functional studies
I Z I-p-phenylpentadecanoic acid and analogous branched chain
fatty acids have been successfully used for clinical studies.
Progress has also been made with development of
iodo-vinyl-D-allose which is a potential SPECT agent to measure
regional glucose metabolism in brain and,heart. In., the field of
labelled monoclonal antibodies both I and In are used
extensively for labelling e.g. in the detection of various
tumours viz colon, ovarian, breast, melanoma and even for
studying respectively involvement of fibrin in formation of
thrombi and myosin in cardiac problems. Both isotopes have strong
points and weak points for example I labels easily but also
tends to dissociate in vivo. Indium-Ill can be conveniently
attached to monoclonal antibodies through DTPA-anhydride, etc,
but tends to break down in the liver. Recently new chelates e.g.
TETA have been developed which improye.stability problems. In the
labelling of many blood components In still plays a crucial
role, while new chelating agents are also being used. Some
examples of miscellaneous breakthroughs ^j? cyclotron-produced
radiopharmaceuticals are: Development of Tl-diethyldithio-
carbamate which is a viable alternative for iodo-amphetamine
(brain studies) ifQd Ru-ruthenocenoyl-glycine which compares
favourably with I-Hippuran for tubular renal studies.



Title : PRODUCTION OF MEDICAL RADIOISOTOPES WITH LOW (4)
ENERGY CHARGED PARTICLE ACCELERATORS

Author : F J Haasbroek

Presented by: F J Haasbroek

More than half of the approximately 125 cyclotrons in operation
throughout the world are either partly or fully utilized in the
production of radioisotopes for medical applications. Of these
isotope production facilities the majority fall in the low energy
group (arbitrarily set at Ep i 30 MeV). In addition positron
emission tomography has stimullted the construction of a new
generation of small in-house cyclotrons (EP < 16.MeV) devoted
exclusively to the production of C, N, 0~and F.

A short survey will be presented on the capabilities and
shortcomings of the low energy cyclotrons with special reference
to practical aspects such as the optimization of production
yields and targetry. Experience gained at the Pretoria Cyclotron
in the production of medical radioisotopes over a period of 15
years will also be discussed.



Title : OVERVIEW OF GENERATOR PRODUCTION <5)

Author : R D Neirinckx

presented by: R D Neirinckx

A large variety of generator systems have so far been researched
and some are commercially available. The advantages of a
generator system are that:-

1) The end-user is independent from an isotope production
facility

2) They are simple and cheap sources of activity

3) No-carrier added isotopes can be delivered

The applications of a generator depend on the half-life of the
daughter isotope and whether it has attractive biodistribution
characteristics or whether the coordination chemistry of the
isotope must be used to synthesize complexes of biological
interest.

Very short-lived isotopes cannot be chemically manipulated after
elution and thus the element itself must have biologically useful
properties, eg Sr-82/Rb-82, W-178/Ta-178f Fe-52/Mn-52m,
Os-191/Ir-191m, Rb-81/Kr-81m belong to this category. Longer
lived isotopes can be chemically modified and hence a wider
spectrum of radiopharmaceuticals may be based on them.
Generator-derived Tc-99m, Ga-68 or In-113m have been used to
synthesize a large number of complexes with interesting
biodistribution properties.

A review will be given of the roost important generator systems
and their potential applicability.



Title : CONSIDERATIONS FOR THE INITIAL PRODUCTION OF (6)
1-123 AT THE KAC, FAURE

Author : F M Nortier

Presented by : F M Nortier

The production of radioisotopes for application in nuclear
medicine, industry and research will be one of the main
activities at the NAC's open sector cyclotron facility. The
processes involved in the production of 1-123, one of the first
isotopes to be produced, are now in an advanced stage of
planning. A short review will be given of the general
considerations with respect to the initial production of this
isotope at Faure.



Title : LOCAL DEVELOPMENT OF 1-123 RADIOPHARMACEUTICALS
FOR STUDIES OF THE MYOCARDIUM, BRAIN, KIDNEYS AND
PHEOCHROMOCYTOMAS

Author : A J van Wyk

presented by: A J van Wyk

For myocardial studies p-iodophenylpentadecanoic acid was
synthesised. A new labe11incomethod was used which gave excellent
radiochemical yields with I. Some formulation problems were
encountered. For brain studies HIPDM was synthesised but chemical
problems were found initially. Radiochemical contaminants also
led to unsatisfactory studies on monkeys and baboons. On
switching rather to iodoamphetamine, a new satisfactory labelling
procedure was developed. Initially imported I produced through
the I (p,5n) reaction was used for labelling and later on the

I locally produced by the Pretoria cyclotron. In the latter
case a modified dry distillation method was used for retrieval of

I, rather than extraction, giving good yields of I. In a
team effort with a group at the H A Grove Animal Centre, Pretoria
cyclotron group and the Nuclear Medicine Department, Johannesburg
Hospital, excellent clinical brain scans were eventually
achieved.

A satisfactory formulation of " I-Hippuran was also developed in
conjunction with the Pretoria cyclotron group using a
copper-catalysed labelling reaction. The final product gave good
results during renal studies on baboons at the H A Grove Animal
Centre.

In another combined effort I-MBG was formulated several times
leading to excellent clinical scans of patients with suspected
pheochromocytoma, at the Johannesburg Hospital...A,known procedure
was modified to label the MIBG with imported I, while a new
original chromatographic procedure was developed for quality
control. Technical and practical details of most procedures will
be discussed.
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Author

RUBIDIUM-81/KRYPTON-81M GENERATOR PREPARATION
MEDICAL USE

R J N Brits

(8)

FOR

presented by: R J N Brits

The short-living radioactive isotope m K r , a daughter product of
Rb, is widely used in lung ventilation studies. Rubidium-81 is

routinely produced in the Pretoria Cyclotron through alpha
bombardment of NaBr.

A. Kr generator which uses zirconium phosphate to adsorb the
Rb was made available by the Pretoria Cyclotron Group. The

design and preparation of the generator and the parameters which
influence the efficiency of the generator viz. the
characteristics of the zirconium phosphate, the humidity,
temperature and flow rate of the air for the elution of Kr,
will be discussed.
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Author

PREPARATION
CYCLOTRON

P Andersen

OF 111IN-OXINE AT THE

(9)

PRETORIA

presented by: P Andersen

111,The labelling of bloodcells with J""tiIn-oxine produced at the
Pretoria Cyclotron was found to be less effective than when using
a commercially available product. In vitro labelling studies
indicated that the problem was related to the chemical purity of
the In-product and specificallyjto the presence of Iron. An
improved chemical separation of In from the silver target
material was successfully developedjand it was found that the
•*• Tn-nïinp nrpnarprf frnm fhf» ntir*»r Tn »nhanrari t-he lahpl linerIn-oxine prepared from the purer
and gave more consistent results.

Ill,

In enhanced the labelling

111,Methods used in the production of In and In-oxine will be
discussed together with the results of studies undertaken for
product improvement.



no)
Title : THE USE OF ACCELERATOR-PRODUCED RADIONUCLIDES IN

NUCLEAR MEDICINE

Author : J A Smith

presented by: J A Smith

Accelerator produced particles can be used to produce a number of
positron emitting radionuclides including the "biological" ones,
viz carbon-11 (2.1 minute half life), nitrogen-13 (10 minute half
life), oxygen-15 (2.1 minute half life) and Flourine-18 (109
minutes half life).

Flourine-18 can be used to produce ^an analogue of glucose,
1 F-labelled Fluoro?Deoxvglucose ( FDG). The biological
radionuclides ( C, N, 0) can be used to label proteins and
other biological and organic substances for positron imaging and
for in vivo measurement of protein and glucose metabolism in both
healthy and pathological states.

Other radionuclides which can be produced include iodine-123,
thallium-201, gallium-67, krypton-81m (rubidium-81), xenon-127,
indium-Ill, gold-195m (mercury 195m). A ready supply of these can
have a significant effect on nuclear medicine practice for
myocardial, lung and renal studies using conventional gamma
scintillation cameras.

In the-case of the positron emitting radionuclides ( C, N,
O, F) a positron camera is a necessity for satisfactory

utilisation. This positron camera should ideally be located at
the source of the radionuclide but also in close proximity to the
patient. Such an arrangement can best be achieved with a desk top
cyclotron in a hospital environment.
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Title : THE APPLICATION OF CYCLOTRON-PRODUCED RADIO-

NUCLIDES IN PAEDIATRICS

Author : M D Mann

Presented by : M D Mann



Title : THE CLINICAL USE OF KR-81M AND XE-127 (12)

Author : J F Klopper

presented by: J F Klopper

Due to the short physical TQ 5 (13 sec) of krypton-81m its
distribution during constant administration is similar to that of
Xe-133 during the inhalation phase. This is explained by the fact
that the Rr-81m gas decays before it reaches poorly ventilated
regions of the lung. The distribution of Kr-81m at equilibrium
closely reflects ventilation and was found to be especially
useful in the diagnosis of pulmonary embolism. Multiple views
could easily be obtained aiding in the diagnosis of patients with
underlying COPD. Fewer ventilation studies had to be done with
Kr-81m than with Xe-133 since with krypton the ventilation study
could be postponed till after completion of the perfusion study.

when using Kr-81m provision had to be made for interruptions in
supply. For occasions when Kr-81m was not available Xe-127 proved
to be most useful with its physical TQ 5 of 36,4 days and gamma
photons of 172 and 203 KeV. Main disadvantages of Xe-127 were
cost and production by high energy cyclotron.



TÊ.M : z fl «fcoo s

. Title : 1-123, THE IDEAL RADIO-IODINE FOR NUCLEAR (13)

MEDICINE

Author : K E Britton

presented by : K E Britton
Radiation protection based on the ALARP principle means that
1-131 iodine should not be used for diagnostic work when 1-123 is
available. The 13-hour half-life, absent beta particle radiation
and ideal 0.159 mEv gamma ray energy make it the radio-iodine of
choice.

1-123 is preferable to pertechnetate for thyroid imaging, 1-123
labelled fatty acids are preferable to the low energy thallium
201 for cardiac studies, particularly with tomography and
clearance rates. 1-123 Hippuran allows intra-renal flow
measurements and better measurements when renal function is poor
than Tc-99-m DTPA. 1-123 amphetamine studies of the grey matter
of the brain allow single photon tomography in substitution for
positron tomography. 1-123 labelled antibody studies are much
superior to 1-131 labelled antibody studies in the evaluation of
recurrences of colon and ovarian cancer and avoid the large bowel
activity of Indium labelled antibodies. These applications will
be discussed in detail.



Xitle : INDIUM-lll-LABELLED BLOOD PLATELETS: CLINICAL (14)
APPLICATION

Author : A du P Heyns

Presented by: A du P Heyns

The physical characteristics of In-111 permit labelling of
platelets with a high specific activity, even in the presence of
severe thrombocytopenia. The in vivo distribution of labelled
platelets may also now be quantitated accurately with
computer-assisted image analysis. Since In-111 elutes less
readily from platelets than Cr-51, measurement of In-111-platelet
kinetics is also now more reliable than previously.

The application of these techniques permits the more precise
classification of immune thrombocytopenic purpura (ITP) by
quantitating the different sites of sequestration of
antibody-coated platelets: splenic; hepatic; and diffuse
sequestration in the reticuloendothelial system (RES); were
recognised patterns. The pattern of sequestration is related to
the severity of the disease. More severe ITP is characterized by
marked thrombocytopenia, platelets destroyed diffusely in the
RES, and a decrease in platelet turnover. The latter suggests
that the megakaryocytes may also be damaged by the antibody.

The measurement of the sites of destruction of labelled platelets
is also clinically useful in other diseases characterized by
thrombocytopenia and normal numbers of megakaryocytes. The size
of the splenic platelet pool may be quantified in patients with
hypersplenism or with an accessory spleen. The classification of
the giant platelets syndromes and the assessment of the efficacy
of platelet production in these diseases, may be done accurately.

Flatelets adhere and aggregate in areas where the vascular
eridothelium is damaged or denuded. This deposition can be
visualized or quantitated with In-111-platelets. The accumulation
of platelets is evident in renal transplant rejection and in
thrombotic thrombocytopenic purpura. Localized consumption and
deposition of platelets in malignant tumours and vascular
malformations may also be visualized and quantitated.

The incorporation of platelets in arterial and venous thrombi
makes imaging with In-111-labelled platelets an ideal,
nsn-invasive tool for the diagnosis of these diseases. Aortic and
cardiac aneurysms are visualized with a high degree of
specificity and sensitivity. The technique has also proved to be
cf value in the investigation of patients with cerebral emboli or
transient ischaemic attacks: lesions in the carotid artery or
the heart are readily detected. The sensitivity of the method may
be further improved by a dual isotope labelling technique where
background In-111-activity contributed by the platelets in the
circulation, is subtracted.

we conclude that In-111 has already replaced Cr-51 as the
radicnuclide of choice for labelling platelets. The exploitation
cf the modern computer technology; dual isotope cell labelling;
labelling platelets with the short half-life isotope, In-113m;
*-•g the use of In-111-labelled monoclonal antibodies, will no
d;\±t in the future increase the clinical usefulness of these
tsrhr.iques.
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Title : RENAL NUCLEAR MEDICINE 05)

Author : K E Britton

Presented by : K E Britton

It is no longer ethical to operate upon a kidney without knowing
its contribution to total renal function. This cannot be
determined radiologically but is routinely measured using Tc-99-m
DTPA. The determination of the presence of obstructive
nephropathy is based on the finding that an increased resistance
to flow enhances salt and water reabsorption, thereby prolonging
the parenchymal transit time of non-reabsorbed TC-9S-m DTPA and
the resistance to outflow can be tested with fruseraide duiresis.
These are more effective and reliable techniques in evaluating
outflow disorder of the upper urinary tract than conventional
radiology.

The demonstration of functionally significant reno-vascular
disorder through the prolongation of the main parenchymal transit
time in the context of a normal pelvic transit time is a reliable
non-invasive approach to this problem. Disorders of the lower
urinary tract may be evaluated with much lower absorbed radiation
dose than current techniques. The follow-up of patients after
surgery or extra corporeal shock wave iithotripsy is conveniently
carried out by renal radionuclide studies which now form an
essential part of the management of nephro-urological patients.



Title : PET CONCEPTS (16)

Author : M Terrine

Presented by : M Cooper



Title : THE LOGISTICS OF PET CAMERA USE (17)

Author : S A R Wynchank

Presented by: S A R Wynchank

Future PET installations, projected to number between 100 and 300
world-wide by 1995, will be likely to have cameras in close
proximity to their cyclotrons. This is because of developments
already underway in cyclotron technology, and the nature of
future work with PET cameras. This worK will include extended
studies of regional pharmacokinetics, receptor function and
biochemical/physiological activity in organs little studied so
far. For these increasingly important studies F-18 and generator
produced radionuclides alone will prove insufficient. Hence
cyclotron produced positron emitting low mass radionuclides of
physiological interest, which have half lives below about 20
minutes, will be as necessary for the PET camera of the late 80s
as an adequate supply of patients. These needs in terms of their
effect upon laboratory and patient logistics will be discussed.



Title : PET APPLICATIONS AND ECONOMICS (18)

Author : D Terrine

Presented by : M Cooper



Title : NORMAL PHYSIOLOGY IN PET (19)

Author : M Cooper

Presented by : M Cooper



(20)
Title : THE EXCITING PROMISE OF POSITRON EMISSION

TOMOGRAPHY FOR NUCLEAR MEDICINE IN SOUTH AFRICA

Author : M Iturralde

Presented by: M Iturralde
In the past ten years new approaches and notable advances in
medical imaging have resulted from new concepts and developments
in computer science and applied mathematics. At the same time
there has been an increasing realization that the identification
of human disease depends significantly on early characterization
of local organ dysfunction, rather than just on detection of
destroyed tissue structure.

Positron Emission Tomography (PET) combines the administration
and detection of positron emitting radioisotopes of the basic
biological elements, the in vivo tomographic reconstruction of
absolute tissue concentrations, and the modelling of trace
kinetic equations to measure human physiological processes. To
those involved in clinical research using PET, the field is
proving very exciting. Already new clinical and scientific
information is emerging that holds great promise. Furthermore,
the likelihood that PET will yield results bearing directly on
the diagnosis, prevention and treatment of disease is high, if
compared with other modalities.

In defining the structure of a PET laboratory, the people,
physical facilities and the location must be considered. Clinical
research into the acute and chronic phases of common diseases
demands multidisciplinary interactions in an environment with a
background of clinical research which can provide suitable
patient material and informed senior clinical comment on the
emerging data. This needs to be coupled with an innovative
radiochemistry team and a reliable technical base which include
the performance of the cyclotron and the positron emission
tomograph itself.

The National Accelerator Centre (NAC) is a multidisciplinary
research institute of the Council for Scientific and Industrial
Research (CSIR). It was set up in 1977 to provide facilities for
basic and applied research using particle beams for particle
radiotherapy for the treatment of cancer, and to supply
accelerator produced radioactive isotopes for nuclear medicine,
industry and research. Several accelerators are now operated by
the NAC. These are the 16 MeV deuteron cyclotron on the CSIR
premises in Pretoria, the 6 MeV Van de Graaff accelerator at
Faure, and adjacent to it, the 8 MeV injector cyclotron which
provides light ions for the new 200 MeV separated-sector
cyclotron. A second injector cyclotron is designed to provide
heavy ions for this new accelerator. The NAC, the Medical
Research Council, the Atomic Energy Corporation and the South
African universities have actively encouraged efforts to bring
together scientists working in medical, biological and physical
sciences who are interested in accelerated particle beams. Thus
opportunities are provided for research in these separate
disciplines, and mutual interest in the interdisciplinary areas
is stimulated.

To keep up with the times, we in South Africa should take full
advantage of our limited physical resources and availability of
human potential. Moreover, we have the benefit of our
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Title : CLINICAL AND PATHOLOGICAL STUDIES WITH PET

Author : M Cooper

Presented by : M Cooper



Title : DOSIMETRY IN NEUTRON FIELDS <22)

Author : D T L Jones

Presented by: D T L Jones

The basic principles of photon dosimetry can be applied to
neutron dosimetry although there are important differences which
result from the different interaction mechanisms of the two types
of radiations. In this paper only the practical measurement of
neutron absorbed dose in clinical situations will be discussed.

Neutron kerma is closely related to hydrogen content and this
results in significant variations in the relative energy
absorption in different tissue types. A complicating factor in
neutron dosimetry is that neutron beams are always accompanied by
gamma rays and the amount of gamma contamination must be
determined as the two types of radiation have markedly different
biological effects.

Calibrated tissue equivalent (TE) ionization chambers with TE gas
filling are generally accepted as the best method of measuring
kerma or absorbed dose in most practical situations and are used
in conjunction with neutron-insensitive devices so that the gamma
component can be determined. The two major protocols for
practical clinical neutron dosimetry will be discussed and
compared.

Other instruments which are used for neutron dosimetry include,
for example, calorimeters, solid state devices and activation
materials, the latter two which are most often used for in vivo
dosimetry. The dosimetric characteristics of different neutron
and photon beams, such as skin sparing, depth dose and penumbra
will be compared and the methods of modifying dose distributions
will be discussed.
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Title : PROBLEMS YET TO 3E SOLVED IN THE DOSIMETRY OF
NEUTRON THERAPY

Author : J B Smathers

Presented by: J B Smathers

After over 10 000 patients have been treated with neutron
radiotherapy, one would hope that the problems remaining, if any,
are small ones. This is generally the case with the international
medical physics community agreeing to within + 2% precision on
what we call the neutron gray. Not to confuse precision with
accuracy, the uncertainty in some of the physical constants used
results in a much larger uncertainty in the probability that the
accepted unit of dosage, the neutron gray, is the correc value.
From a clinical view point the uncertainty is of no consequence
so long as any changes in constants are universally accepted and
well publicised to allow subsequent patient doses to be
appropriately adjusted. For many of the physics and
radiobiological studies and indeed to better understand some of
the subtle effects in therapy, accuracy is required.

In the dose computation equations which converts ionization in a
gas to absorbed dose in tissue, five major terms or ratios of
terms are involved. Uncertainties of 5% are typically associated
with the values and for the Kerma ratio, the uncertainty is
larger, increasing with increasing neutron energy.

Similarly for the dual detector method of subdividing the total
dose into the neutron or photon components, the uncertainty
associated with the differentiation increases with increasing
energy, reaching 50% in extreme cases.

Needed to improve on the overall accuracy of neutron therapy
dosimetry are an improved knowledge of the neutron and gamma
spectrum vs location in the phantom and of the spectrum of the
charged particles created by the neutron interactions with
tissue.

Clinical neutron dosimetry suffers from a substantial weakness in
our ability to perform accurate in vivo dosimetry, the failure to
date to make any but the crudest corrections for inhomogeneties,
and the assumptions that the Relative Biological Effectiveness,
RBE, is constant within the volume treated.



Title : THE INTERCOMPARISON OF RBE VALUES FOR NEUTRON
BEAMS IN CHEMICAL USE (cont'd)

Author : E J Hall

Presented by: E J Hall

to preferentially remove the low energy neutrons, or by utilizing
a "thin" target to decrease the number of low energy neutrons
produced. Either strategy leads to an unfortunate loss of
dose-rate. Experiments are in progress at the present time+ to,
first, optimize the target design of the hospital based p -• Be
neutron generators, and second to effect a biological
intercomparison of the machines in the UK and the US in order to
facilitate the pooling of patient data obtained from clinical
trials.

This investigation was supported by Grant No 18506 awarded to the
Radiological Research Laboratory by the National Cancer
Institute.



Title : THE INTERCOMPARISON OF RBE VALUES FOR NEUTRON
BEAMS IN CHEMICAL USE

Author : E J Hall

Presented by: E J Hall

The clinical trial of neutrons involves a substantial cost and
investment of effort. Each of the neutron therapy beams used in
the early clinical trials was characterized by a different energy
spectrum, and as a consequence there are significant variations
in their biological effectiveness. To facilitate the pooling of
experience and the comparison of clinical results, a number of
investigators have compared the various neutron beams using a
variety of biological systems. The present report summarizes the
results of a series of biological intercomparisons using
mammalian cells cultured in vitro.

The design of these experiments was based on the observation that
in cell culture experiments, variations within an experiment are
much smaller than those between experiments. Consequently, to
exploit the precision of which the in vitro technique is capable,
neutron facilities were intercompared in pairs, within a given
experiment, using cells from a common culture irradiated on the
same day. Cells were plated in tissue culture flasks, filled
brimful with growth medium, and transported to each of the
neutron facilities to be intercompared. The cells were
transported in insulated water-jacketed carriers, with the
temperature maintained at 17 C. It was found by trial and error
that this temperature prevents cell division and progression
through the cycle, while maintaining a high plating efficiency
(which was characteristically in excess of 80%) for a period of
24 hours. Irradiations were performed simultaneously at the two
neutron facilities to be compared, and the cells returned to an
incubator for 8 days to assess the proportion able to form
colonies.

The data from each experiment were analyzed by a non-parametric
method, which evokes no form for the dose-response relationship.
The survival data for the two neutron beams to be compared were
fitted by curves of the same shape, the only constraint being
that the curve must be convex upwards, and the dose factor
necessary to allow fit computed. This factor is then the best
estimate of the relative potency or RBE difference between the
two beams, based on the data from all dose levels studied. The
neutron machines+used to £ate for clinical trials have been based
largely on the d*T or d "*Ee processes. The relative biological
effectiveness (RBE) decreases steadily with the mean neutron
energy. There is an RBE difference of about 20% over the range of
neutrons used clinically from Hammersmith to Fermlab.

The new generation of neutron generators are based on the p + * Be
reaction. A cyclotron accelerating protons is much smaller in
size than one accelerating deuterons so that the machines can be
installed in the radiotherapy departments of large hospitals. A
complication that arises with these new machines stems from the
fact that the spectrum of neutrons produced covers a wide range
of energies and includes a component of low energy neutrons. The
low energy neutrons are biologically very effective and tend to
be absorbed preferentially at shallow depths. This leads to an
RBE that decreases with increasing depth, v/hich is an undesirable
feature of a beam to be used clinically. The situation can be
remedied, or at least alleviated, by adding a hydrogenous filter
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The extraction system of the National Accelerator Centre
cyclotron in Pretoria has been modified to deliver high intensity
deuteron beam currents for radiation therapy. A fast neutron
field is generated via the d(16) + Be reaction on a thick target
and is collimated by a variable field size collimator. Absorbed
dose measurements were performed in air and in a water phantom
using a 0,5 cm tissue-equivalent ionization chamber and an
energy compensated Geiger-Müller tube- The results of these
measurements will be presented and compared with data obtained at
other neutron therapy centres with comparable energies.

In addition to the ionization chamber measurements, spectral
energy measurements were undertaken to evaluate W and the kerma
ratio, parameters required for the calculation of the absorbed
dose in tissue. For this purpose the pulse shape discrimination
technique was applied using NE213 liquid scintillator as a proton
recoil spectrometer. Pulse height spectra were obtained at two
gain settings under varying beam conditions and a well developed
unfolding code (FORIST) was used to obtain the associated neutron
spectra.



Title : THEORETICAL CONSIDERATIONS IN LARGE FIELD SPOT (27)
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Presented by: C V Levin

Spot scanning has been proposed for a proton delivery system.

A mathematical model of a proton depth dose distribution,of the
form Dose = (A + Br + Cr ) / (1 + Dr + Er + Fr ) with
truncation, has been adopted after testing various exponential
functions.

This function was fitted to the experimental data of Larsson and
values of the coefficients determined. A regression value of R =
0.99 was achieved.

Results of superimposing successive depth modulated proton beams,
illustrate the critical nature of the modulation to achieve
homogeneity of the spreadout Bragg peak (S.O.B.P.) region.

The effect of perturbation of these depth modulation values by
patient and/or tumour movement on the S.O.B.P. homogeneity is
examined and the implications considered.
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QUANTIFICATION OF THE ORGAN DISTRIBUTION OF
INDIUM-lll-LABELLED PLATELETS AND CALCULATION OF
RADIATION EXPOSURE

M G Lötter, H Kotze, P Wessels, A du P Heyns, P N
Badenhorst and P C Minnaar

Presented by: M G Lötter

Computer assisted image quantification was applied to investigate
blood platelet kinetics following the injection of
In-111-labelled platelets. Radiation dose and the relative
contribution of the contaminant In-114 to In-111 was estimated.
Platelets were labelled with In-111-oxine and imaging performed
up to 90 minutes post-injection and thereafter daily. Image
quantification was performed by the geometrical mean (GM) method.
The GM activity for the liver, spleen and remainder were
expressed as a percentage of the whole body GM activity. The
quantified organ distribution was used to model platelet kinetics
by simulation. The radiation dose was calculated by the MIRD
method and the effective dose-equivalent (EDE) as described by
the ICRP. The radiation dose for In-111 and the contaminant
In-114 (0.08% of In-111 activity) were calculated. The radiation
dose was calculated assuming that the activity was distributed in
the spleen, liver and uniformly in the remainder of the whole
body. The dose when activity in the remainder is assumed to be in
the blood and bone marrow and with redistribution of indium after
platelet sequestration was also calculated. Following reinjection
of the labelled platelets and after reaching equilibrium, 31% of
the platelets were in the spleen, 10% in the liver and the
remainder in the circulation when equilibrium was reached. The
equilibrium phase was represented by a compartmental model
assuming that 16% of the platelets were activated and reversibly
sequestered in the liver. Platelets were linearly removed from
the circulation and finally sequestrated with corresponding
uptake in the liver (29%), spleen (36%) and remainder (32%). The
linear survival indicates removal of senescent platelets. This
phase could be modelled by assuming that sequestration was
proportional to the in vivo distribution of platelets and the
blood flow to the respective organs. The calculated radiation
exposure when it was assumed that platelets distribute in the
liver, spleen and uniformly in the remainder of the whole body,
and there is no redistribution following platelet survival, was:

Radiation Dose in mGy for 1 MBq In-111 and 0.0001 MBq In-114

Radio-
nuclide

In-111
In-114
Total

Whole
body

0.16
0.01
0.17

Spleen

7.89
1.41
9.30

Liver

0.69
0.11
0.80

Bone
marrow

0.16
0.00
0.16

Gonads

0.11
0.00
0.11

EDE

0.65
0.10
0.75

In-114 as a contaminant, contributed 15,5% to the EDE. When
redistribution of indium, following platelet survival was
assumed, the reduction to the EDE was 10.3%. If it was assumed
that the non-hepatic non-spleen remainder of radioactivity at
sequestration was located in the bone marrow, the EDE increased
by 4%. Image quantification is a valuable technique for the study
of physiological mechanisms and radiation dose for new
radiopharmaceuticals.
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Exchange of information between neutron therapy centres and
organization of co-operative clinical trials implies knowing the
conversion factors to take into account the RBE differences
between the compared neutron facilities. RBE depends on several
factors (energy, doser biological system, etc.), however, when
comparing 2 fast neutron beams, a single conversion factor is
usually sufficient: it could be called Clinical Neutron
Intercomparison Factor (CNIF) as initially suggested by Hall and
Kellerer. The CNIF could be obtained from experiments on systems
chosen largely according to portability, repeatability and
convenience (Hall).

The isochronous variable energy cyclotron of Louvain-la-Neuve
allows us to simulate most of the neutron beams at present used
in therapy. Following beams were compared: d(50)+Be, p(75)+Be,
p(45)+Be, p(34)+Be. In a first series of experiments, growth
inhibiton in vicia faba was used; it was however recognized that
this system tends to overestimate the RBE differences. In a
second set of experiments, the intestinal crypt colony system
(Withers) was used and correlated with LD50 in mice after
abdominal irradiation. In addition, site visits were organized,
and irradiations were performed with p(34)+Be neutrons in
Orleans, with p(16)+Be neutrons in Ghent and with p(27)+Be
neutrons in Riyadh.

One of the remaining problems is the specification of the neutron
beam energy. Microdosimetric measurements are considered as the
best approach, but as a first indication, the penetration of the
beam measured in well defined conditions can be used (e.g.
relative dose ratio between 152and 5 cm, derived from the depth
dose curves, for a 10 x 10 cm field size, and an infinite SSD,
in a water phantom).



Title : BIOCHEMICAL CHANGES OCCURRING IN EXPERIMENTAL (30)
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It has been suggested by a number of workers that modification of
the environment within tumour cells can yield conditions which
can be exploited to increase the sensitivity of these cells to
ionizing radiation.

For example, it has been shown in cells (but not in solid
tumours) that glutathione depletion can lead to an enhanced
radiosensitivity to X-rays.

Results obtained in our laboratories show that ionizing radiation
can cause marked changes in several biochemical parameters in
solid experimental tumours. We observed significant increases
(P<0.5) in ATP levels, glucose-6-phosphate dehydrogenase activity
and isocitrate dehydrogenase activity at 2.5, 3 and 6 hours,
respectively, after an X-ray dose of 10 Gy. The importance of
these changes will be discussed in relation to repair of
radiation damage in solid tumours and the importance of the
timing between irradiation and modification of the energy or
oxidation states of the tumour.



Title : DOSE MODIFYING FACTORS AND THE MEAN INACTIVATION
DOSE
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There are a number of instances in radiobiology where the dose
dependencies of two survival curves are related by a constant
factor. As such one curve can simply be translated into the other
by means of a dose modifying factor (DMF), for example the oxygen
enhancement ratio (OER). Normally these factors are calculated
from the gradients of survival curves using the mean lethal dose
(Do) value as reflected in the exponential portion of each curve.
However., in those instances where the response of the system is
not exponential throughout the whole dose range, the DMF can only
be evaluated for a specific response or response range. The use
of the mean inactivation dose (D) circumvents this restriction in
that all the data from the curve, irrespective of its shape, is
employed in evaluating the DMF.

The mean inactivation dose is given by the expression
•e

D = /s(D)dD

where S(D) is the survival probability following the absorption
of a dose D. It is equated to the area under a linear plot of the
survival curve and therefore offers a one dimensional criterion
to quantify the radiosensitivity of the biological system.

V-79 cells subjected to anoxic and hypoxic conditions were
exposed to fast neutron and photon radiation fields and a linear
quadratic expression was used to obtain an optimum fit to the
survival curves. OER values were determined using the D concept
and were found to be in good agreement with previously reported
data. In a second study the enhancement of the absorbed dose, due
to backscattering from a high-density medium, was determined
using monolayers of v-79 cells. After irradiation of the cells,
plated either on glass or plastic, the mean inactivation doses
derived from the survival curves were used to calculate the
backscatter factor. It was found to be almost identical to that
determined by physical dosimetry.

It has been suggested that D values are characterized by a
smaller coefficient of variance relative to the variation of
parameters normally used to quantify the radiosensitivity of
mammalian cells. Data obtained from various assays performed at
the Pretoria cyclotron has been analysed and will be tabulated
for discussion.



Title : X-RAY INDUCED RADIATION DAMAGE IN CHROMATIN (32)
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Single strand breaks induced by 100 keV x-rays in the DNA of V-79
Chinese Hamster lung fibroblasts were determined by the alkaline
sucrose density centrifugation method. The irradiation yield was
found to be 0.04-0.07 single strand breaks per kilorad per 10
Dalton (SSB/krad/10 Da) for irradiated whole cells and nuclei,
0.064 SSB/krad/10 Da for isolated 23 kbp chromatin irradiated in
150 mM NaCl and 0.13-0.27 SSB/krad/10 Da for the same chromatin
preparation in 10 mM NaCl. Comparison is made with data from the
literature and it is concluded that irradiation yields in the
region of 0.1 SSB/krad/10 Da are realistic for x-rays. Analysis
of 23 kbp chromatin at varying NaCl and MgCl, concentrations and
after histone HI depletion showed that the radiation sensitivity
as measured by a fluorimetric strand break assay increases from
the 38 nm fiber to the 11 nm fiber and further on HI depletion.
The repeat length of V-79 chromatin was found to be 194 +2.7 bp.
After HI depletion the length of the unprotected linker DNA
increases from 26 to 48 bp or by 86%, while the yield of
strand breaks increases by 57%. These results are interpreted as
an indication that a major site of x-ray induced radiation damage
is the linker between nucleosomes.



Title : RADIOBIOLOGY CALIBRATION EXPERIMENTS (33>

Author : G Cilliers

Presented by: S Browde

Interest in the field of radiobiological calibration in South
Africa has greatly accelerated with the advent of particle beam
therapy. The primary importance of these studies is to
biologically evaluate radiation beams and to compare the
biological effects which are obtained. At the Pretoria Cyclotron
group of the CSIR we have at our disposal a fast neutron beam
(16MeV d-Be) and shortly a beam of a much higher energy will be
available at Faure.

The following calibration experiments will be discussed:

1) Cell survival studies
2) Chromosome aberrations
3) Haemopoetic system - spleen weights & spleen colonies
4) Stunting of cartilage growth
5) Stomach clearance
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Neutron therapy is performed in Europe in the following centres:
-with cyclotrons: Essen (F.R.Germany)-d(15)+Be, Louvain-la-Neuve
(Belgium)-p(65)+Be, Orleans (France)-p(34)+Ber Liverpool (United
Kingdom)-p(6 5)+Be;
-with (d,T) generators: Hamburg and Heidelberg (F.R.Germany).

As far as the clinical results are concerned, a benefit for fast
neutrons was observed in the following tumour types or sites:
-locally extended salivary gland tumours: 80% and 66% local
control rates were reported from Hammersmith and Amsterdam
respectively;
-locally extended tumours of the paranasal sinuses: a persistent
local was observed in 81% of the cases (25/31) at the
Hammersmith;
-inoperable, recurrent melanomas (palliative treatment): 71% of
complete regression was reported from Hammersmith on 87 tumour
sites;

-locally extended prostatic adenocarcinoma: for Stage C, local
control rates of 93%, 83% and 90% were achieved at
Louvain-la-Neuve at 1, 2 and 3 years respectively. Trie survival
rates were 93%, 91% and 70%. The early and late tolerance was
excellent, one severe late complication was observed. These
results confirm the encouraging results reported from Hamburg.

Soft tissue sarcomas, especially slowly growing and well
differentiated, are generally considered as a good indication for
neutron therapy. However, a statistically significant proof of
the superiority of fast neutrons is difficult to obtain: many
differences in tumour type, site, etc, too few patients. The
reported results mainly reflect the patient recruitment.
Persisting local control was obtained in Hammersmith in 75% of
the cases, with 32% complications. Local control rate of 33% was
reported from Edinburg, 32% from Amsterdam, 76% from Hamburg, 42%
from Essen and 21% from Louvain-la-Neuve. After radical surgery
(microscopical tumour residue), local control rates of 76%
(Essen), 92% (Hamburg) and 93% (Louvain-la-Neuve) were obtained.

For head and neck tumours, conflicting results were reported.
Neutrons can bring a benefit in some patient series (locally
advanced tumours, with fixed lymph nodes), but there is certainly
no argument to recommend neutrons as a general treatment modality
in all the cases.

The value of neutron therapy has been assessed in other tumour
sites (bronchus, Pancoast, bone, bladder, cervix, rectum, etc);
pilot studies have shown promising results.



Title : NEUTRON THERAPY IN CANCER OF THE HEAD AND NECK (35)
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Very large numbers of patients with moderate to advanced head and
neck cancer present themselves for treatment in South Africa each
year. Many of them are relatively young and tend to have a light
burden of nodal disease.

The literature on neutron therapy is reviewed and suggestions
made as to possible avenues of exploration as a discussion point
for neutron therapy in these patients.
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Author : E J Hall

Presented by: E J Hall

Neutrons, protons, pions, and heavy ions are all of potential
interest in radiotherapy and must compete with one another, as
well as with other novel approaches including hypoxic cell
radiosensitizers. Neutrons represent the cheapest form of high
LET radiation, especially in terms of the presumed biological
advantage of high LET, where they are excelled only by argon ions
at shallow depth. But of course neutrons give quite ordinary dose
distributions, since like X-rays their absorption is
approximately exponential with depth. The new high energy
generators (40-60 MeV p -*Be) equal a 6 MV linear accelerator in
depth dose. Even then the penumbra is much larger.

The rationale for introducing neutrons into clinical use at the
Hammersmith Hospital back in the 1960's was the reduced oxygen
effect. But neutrons differ from X-rays in other respects as
well, including the amount of sublethal damage produced and the
cell cycle dependence of killing. Clinical and experimental
results to date indicate neutrons may be advantageous in the
treatment of slowly proliferating tumors, for which the neutron
relative biological effectiveness may be higher.

The various heavy charged particles address different problems
too. Protons are by far the least expensive to produce. Their
radiobiological properties are indistinguishable from photons;
their attraction is the possibility of a more localized dose
distribution with the expectation of less morbidity for a given
dose, or a higher dose for the same morbidity. There is also the
possibility of avoiding critical structures in special situations
in such a way that would never be possible with X-rays;
treatment of choroidal melanoma is a good example. Protons give
an excellent dose distribution. Helium ions are even better, but
the difference is small while the extra cost is substantial.
Consequently it would make little sense to contemplate building
an accelerator for helium ions, but where facilities already
exist, they are used to good effect.

Heavier ions are as good or better than protons in terms of the
peak to plateau ratio especially when RBE is factored in, and
also in terms of the lateral sharpness of the beam. However, the
break-up of the heavier ions means that the dose does not fall
off as abruptly at the end of the range of the particles as is
the case for protons. High energy carbon and neon give good dose
distribution for either the 14 or 24 cm range beams. In addition
they offer some of the presumed biological advantages of high LET
radiation although for most of the spread out Bragg peak, the
Oxygen Gain Factor is smaller than for neutrons. Pions appear to
be very similar to carbon and neon ions, but have the
disadvantage that the beam edges are less sharp and that
available dose-rates are a limitation. For argon, only the 14 cm
beam is of interest because break-up of the incident particles
becomes too much of a problem for the larger ranges. The dose
distribution obtained with argon is poorer than with carbon or
neon, because the LET in the stopping region is so high that RBE
falls from the "overkill" effect. However, argon gives a
reasonable dose distribution at comparatively shallow depths and
the most favorable OGF of all particles. It should be noted that
none of the heavy ions have OER values as low as originally hoped
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for, largely because the primary particles break up and much of
the dose is deposited by high energy alpha particles.

Silicon, with a Z intermediate between neon and argon appears to
be the optimal particle since it combines the advantages of high
LET with a good dose distribution and there is less break-up than
is the case for argon.

This investigation was supported by Grant No CA 18506, awarded to
the Radiological Research Laboratory by the National Cancer
Institute.
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Review of the entire world-wide experience with fast neutron
therapy fails to show unequivocal evidence of therapeutic gain
for any disease category. However, it is almost axiomatic that
some tumors would be better treated with high LET radiations, and
every neutron therapist can give examples of patients with
apparently incurable disease who have shown dramatic responses to
treatment. Failure to resolve a therapeutic gain in randomized
clinical trials is very likely due to the heterogeneity of human
cancers in terms of their cure-limiting characteristics. On
radiobiological grounds, it may be predicted that tumors best
treated with high LET radiations would be those resistant to
conventional therapy for one of the following reasons: intrinsic
cellular radioresistance and/or a large repair capacity, poor
redistribution throughout the division cycle, or inefficient
reoxygenation. One might, therefore, suppose that assays
permitting determination of these characteristics prior to
initiation of therapy would enable patients to be segregated most
rationally into those who should or should not be entered into
fast neutron therapy trials.

This presentation will address one of several approaches to this
problem being studied at U.T.M.D. Anderson Hospital. The method
is based on direct measurement of cellular radiosensitivity of
individual tumors. The assay employs a newly developed primary
culture technique using a solid matrix of adhesive proteins to
promote cell attachment and a highly enriched medium to support
cell growth. The system preferentially favors growth of malignant
cells and over 80% of biopsies are successfully cultured. Single
cells derived from biopsy specimens are plated and one day later
irradiated with graded doses of radiation. After approximately 13
days of incubation the growth of surviving cells is guantitated
by integrated image analysis with appropriate corrections for
cell culture density and the data are fitted to the linear
quadratic modei of cell survival. Extensive experience with this
assay has been gained with reference to photon radiosensitivity
and some interesting correlations have emerged between the
surviving fraction at 2 Gy and the histological tumor type. For
example, sguamous carcinomas had a mean survival at 2 Gy of 0.52
+ 0.042 with a range of 0.32 to 0.74, while melanomas had a mean
survival of 0.65 + 0.045 with a range of 0.25 to 0.86 (p<0.05).
These results fit the clinical observation that while melanomas
in general are more resistant to conventionally fractionated
radiation than are squamous cell carcinomas, there is wide
variation from individual to individual. Preliminary analysis
shows a positive correlation between cellular radiosensitivity
and response to radiotherapy, although further follow-up will be
necessary before the assay can be validated as having predictive
value for ultimate disease control. With the availability of the
neutron beam gantry, we have recently been able to extend
application of the assay to neutron irradiation, permitting the
RBE of the neutron beam to be measured for individual tumors. A
prospective study is underway to determine whether the RBE values
so obtained predict for tumor control in patients receiving fast
neutron therapy, when appropriate stratification is made for
other known prognostic variables.
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After more than five years discussion, the first French
Neutrontherapy Unit was built in Orleans within the frame work of
an agreement between Health Ministery and the National Centre for
Scientific Research (CNRS).

Installed on the CNRS campus, the neutrontherapy unit is situated
3 km from the General Hospital. The Cyclotron (C.G.R. Mev - 680
Type) is a medium accelerator of charged particles with a high
beam current.

Since September 1980, a vertical downward neutron beam produced
by (p.n.) nuclear reaction with a 34 Mev proton beam, is
available. According to the recommendations of the Medical and
Scientific Council for the Neutrontherapy at Orleans, more than
580 patients have been treated from 1981 to 1985. Taking into
account the European experience, we decided that only well
differentiated tumours and/or tumours supposed to have a long
doubling time would be included in cur protocols.

The CNRS Cyclotron is devoted partly to Neutrontherapy and partly
to Chemical Research, but medical applications are priority
olders. In that respect, more than 50% of beam production time
is used for clinical, physical and radiobiological purposes.

During five years utilisation of the Orleans Cyclotron, some
technical improvements have been carried out, such as target and
collimating system. A second treatment room will be under
construction in 1987 with an horizontal beam,- a higher proton
energy (up to 50 Mev) could be obtained with technical
modifications of the cyclotron.

During the same period, we experienced some problems with the
electrostatic deflector, related to the important extracted beam
current (45uA), but owing to the cyclotron department in
technical infrastructure, time of immobilisation is not higher
than for a megavolt&ge X Ray therapy machine.



Title : 34 MEV NEUTRON BOOST IN ENT TUMORS : AN /30, !

INTERIM ASSESSMENT ' '

Author : M Schlienger

Presented by : M Schlienger
From March 1982 to March 1985, 36 patients have received a
neutron boost after conventional irradiation. 31 cases are
evaluable (29 males and 2 females - median age : 59 year).

27/31 are epidermoid carcinoma and 4 adenocarcinoma (3 parotids
and 1 ethmoid). 15 tumors involved oral cavity, 10 the
oropharyncx.

Among 27 untreated patients (or 1 course of chemotherapy) there
are 8 T, and 19 T4. There are 4 recurrences, 3 post-surgery and
1 post-RT.

Local control has been obtained in 13/31 (42%) : 9 patients are
alive (median survival 13 months) and 4 dead (2 oesophagial
carcinoma, 1 from diffuse metastases and 1 unknown).

In the group of local failure 18/31 (58%) the median survival is
6 months. 17 patients are dead and 1 alive with recurrence.
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From March 1981 to October 1984, 36 patients with advanced
uterine cervix carcinomas (26 Illb and 10 IVa) have been included
in phase II trial using mixed schedule [20 Gy X Ray + 10 Gy (n+yj]
up to 50 Gy equivalent whole pelvis, before curietherapy.

34/36 are epidermoid carcinomas and 2 adenocarcinomas - median
age = 50 years.

Local control has been obtained in 22 out of 36 (61%) patients,
and persisted in 19 out of 36 (59%) of cases 12 months after : 16
patients are alive (median survival 16 months) and 3 dead (2
metastases and 1 intersurrent disease).

In the local failure group, 13/36 (28%), the median survival is
14 months, 6 are dead and 7 alive.

Since January 1981, 58 patients with inoperable rectal carcinomas
or post operative recurrences have received a neutron boost after
conventional irradiation. 31 cases with a follow up superior to
14 months have been studied. This group was compared with an
historical series of 52 patients treated with X Ray at the
Hopital Tenon from 1977 to 1981.

In this comparative study, all the patients of both groups were
free of metastases and had locally inoperable tumours. The first
sequence using 18 MV photons was common to both groups (40 Gy in
16 fractions over 4 weeks in the whole pelvis) The second course
was given in a cone down volume in 10 fractions over 16 days,
either with photons (25 Gy) or with neutrons [8.3 Gy (n+y)J ,
total dose was 65 Gy.

Immediate local control is better in the neutron group (74%
versus 28%) and we never observed local recurrence after a
disease free period of 12 months. The difference remains
statistically significant at 14 months (40% Vs 16% - p<0.01) and
24 months (p<0.05)

Survival up to 36 months seems independant of the type of
treatment; survival curves are superposed up to 20 months. At
this time, less than 50% of patients in the photon group are free
of disease versus 75% in the neutron group. After 20 months, the
slope of the photon group survival curve remains identical
whereas the neutron group survival curve seems to plateau : this
difference is not statistically significant at the time of
writing.
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From December 1981 to December 1984, 51 patients with
histologically proven glioblastoraa have received a neutron boost
of 6 Gy (n +Jf ) in 3 fractions and 3 days after a first course of
18,00 Gy (X Rays) total brain in 3 fractions and 3 days
(concentrated irradiation) and a rest period of 3 to 4 weeks.

30 patients had surfical removal of the tumor while in 21 others
histological specimen have been obtained by open surgery or
stereotactic biopsy.

Comparison with a series of 70 operated patients treated by X
Rays from 1974 to 1981 with the same concentrated schedule shows
no benefit in survival.

In the group of 21 non-operated patients it seems that survival
is slightly longer in the neutron boost group in comparison with
the 17 X Rays treated cases.

As no neutrons related complications have been recorded so far,
the neutron dose has been increased to 7,00 Gy (n + 1 ) in 4
fractions and 4 days.
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Three dimensional visualization of tumors was not possible before
the advent of the C T scanner. Viewing of successive transaxial
slices from a C T scanner puts a great strain on the
radiotherapist to adequately conceptualize the nature and extent
of a tumor.

Sophisticated algorithms for pseudo 3 dimensional representation
of tumors on very expensive computerized planning systems are
near becoming commercially available.

A holographic technique is under investigation that will allow
successive C T pictures to be integrated holographically into a 3
dimensional picture.

Individual "best fit" isodose curves can be drawn on each slice
and presented as an integrated 3 D tumor isodose complex. This
will have the advantage of much better conceptualization of the
problems involved, and should be much cheaper to produce and
easier to view.

3D-models of tumors + plans should be a valuable educational aid.
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Knowledge of the vascular perfusion of tumors is of potential
therapeutic relevance. For example, in patients treated with
ionizing radiation, hypoxic cell sensitizers or high LET
radiation might be more effective in the treatment of poorly
perfused tumors. With regard to hyperthermia, vascular perfusion
is of major significance in determining the ability to achieve
preferential tumor heating. Neutrons with energies greater than
20 MeV and also high energy photons can produce the positron
emitting isotopes 0 and C by neutron knockout of 0 and C,
respectively. Dynamic positron imaging of the irradiated volume
provides a noninvasive technique for studying physiological
properties of,- the irradiated tissue. By measuring the mobile
fraction of O and the half-time for its washout, the volume
averaged blood flow can be calculated. Using the fast neutron
therapy beam at U.T.M.D. Anderson Hospital, volume average
specific blood flow was measured in the normal and tumor., 5bearing
thighs of New Zealand white rabbits. The tracer used, O, was
induced in rabbit muscle and tumor by dose of 0.65 Gy 42 MeV
neutrons. Decay/washout curves were constructed by coincidence
detection of.-positron annihilation radiation due to O, i*nd
interfering C and N. The decay constant for washout of O,
assumed to be in the chemical form of H, O, was extracted from
the data by curve fitting. Blood flow was calculated for muscle,
21 day old V-2 carcinoma tumors and 36 day old V-2 carcinoma
tumors, the latter showing extensive necrosis. The mean volume
average specific blood flow rate in normal tissue was 2.71 + 1.26
ml/min/100cc compared with 8.96 + 4.06 and 2.16 + 0.88
ml/min/100cc for 21 day and 36 day old tumors, respectively. The
availability of a therapeutic fast neutron beam and PET imaging
capability will permit this technique to be applied clinically.


