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Jose R. Alonao, Ph.I). Lawrence Berkeley Laboratory, JSA

Kk1-1(1) Construction of HIMAC(1) Accelerator:

The large preponderance of conlerence reports iz not a good sign. Only in the
caso of the ion sources and heam extraction from the aynchrotron were the
conference reports backed up by in-depth articles that addressed in greater detail
the work done, and the rationale behind particular physica design cheices, (It
ghould be noted that even the ion source paper really only evaluated the Penning
source phyaics, the ECR source was not really dealt with to a eumilar depth.) The
svetems designs in other areas are all worthy of the same type of papers, and a
strong encouragement showld ke given by NIRS Management to the staff of the
Accelerator Division to prepare this type of review paper. The systems designs for
the aceelerator are all very solid, it is frustrating to see them dealt with in such a
casual fashion in the publications sent for this review. It is difficult to judge the
scientific quality of the Accelerator Davision staff from the papera given to review.
Conference reports are really an inadequate judpe of this gquality, and serve in my
view mainly as an indication to the community of the names of physicists and
engineers who have worked on a given topic. Usually, this will lead to personal
contacta by interested partiea for further details or information. While an effective
communications technique, then, such conference reports are really not good
examples of peer-reviewed contributions to the literature nor to the agentific base
of knowledge.

Thues, this reviewer must judge the quality of the NIRS accelerator group from
the performance of the systems they designed and built. On that score, it is clear
that the group has done very well indeed.

M-1(2) Construction of HIMAC(2) Beam delivery and treatment system

A higher fraction of the papera (4 out of 10) appear to have been published in
referesd journals, though to evaluate the overall quality of a Laboratory’s research
this ia still too low a ratio. These papers bave very much reinforced the previously-
held views of thie reviewer of the overall work of the HIMAC team 1n this area,
namely of 8 very conservative approach, very solid and competent, but rather shert
an inhovation and new ideas. While aggressive innovation is really not in order for
a facility whose mission is clinical radiotherapy, it is nonetheless frustrating to see
thig new program, with itg brand-new accelerator and facilities, start its extremely
important clinical trials with technology that is not really at the state of the art.
Several examples of this are:
aiInstallation of sclid-core magnets in the beam transport lines, that rules out rapad

chexgy variation of the beam delivered. Range modulation of the beam must be
done with degraders in the treatment rooms instead of with extracting different
cnergies from the accelerator.  If fixed modulation were to be all that would he
emploved, lack of energy variability would not be a factor; but fixed modulation is



definitely “last-year's” technology, and does not allow best use of the beam'a dose
localization capabilities.

b)The slowness with which 3-I} delivery is being implemented is disturbing. As the
world's premiere ion-beam facility for therapy, it is extremely important that good
clinical reaults come out of HIMAC. While 3-D delivery is not necessarily
indicated for all fields, having this option increases the dose-localization
advantage where it can be productively utilized. It appears that, while the
multileat collimator systeme are in place, and the variable-field range-stacking
technique can be employed, it is not et in use. One of the reasons is that the
treatment-planning program is not yet capable of handling it. This should be
remedied as quickly as possible!

¢) Fhe treatmont-planning program seems to be lagging behind in a number of other
areas as well: incorporation of the pencil-beam algorithm; RBE/LET models;
fragmentation. Considering the investment made by the Japanese scientific
establishment in ion-beam therapy, the lack of attention to this “detail” is
disturbing.
There are a numher of areas where the team has done very well, and is to be
complimented for innovative thinking.
a)The gated beam delivery to compensate for patient breathing iz an excellent
development. This, coupled with the rf-controlled extraction system, necessary
for rapid beam control, provides a very significant advance in the field,

bjThe presenee of a CT scanner in the treatment room allows for significantly
improved coordinate-system verification, and adds a great deal to the overall
quality assurance of the treatments delivered. This is a very good development,

¢) The multileaf collimator systems installed in the treatment rooms will be the first
onea to be used clinieally for 1ons, and are crucial for the 3-D technique that will
be eventually employed.

These comments aside, let me close by reinforcing my statements about the
competence of the team. The papers, as well as personal knowledge of the
individuals involved, point to a very good staff, with 4 good understanding of the
physice, biophysice and engineering associated with sale, effective delivery of ton
beams for therapy. It would be good to see more effort placed in advancement of
the technology, so the next generation of ion-beam therapy facilities, already on the
drawing hoards, can further demonstrate the clinical potential we all know is there
for these beams.
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Nobert Angert, Ph.D). Gesellschaft fur Schwerionenforachung (GSI), Germany

M-1(1) Construction of HIMAC(1) Accelerator:

1. Commissioning and performance of the HIMAC medical accelerator;

The facility, based on proven accelerator technology, was built and
commigsioned in a remarkable short time. It has reached it design date and
performance. It is a facility which offers beyond light ion therapy a wide spectrum
of experimental possibilities on related and other applied fields. In this respect it
is unique. This uniqueness should be exploited.

Due to the two ion sowrce and two ring concept it 18 8 very flexible system.
One might coneider to use at certain positions in the beam lines laminated magnets
in order to make switching between the duffepent atations easier.

2. Ion source papers,

Much work has been invested in the careful ion source study. The review
article should be obligatory to people who are going to build such a facility, in order
to reflect the actual status of ion sources to be considered for therapy. The
performance of the ECR ion source is very impressing, especially with respect to the
weekly reproducibility based on saved data.

3. HIMAC synchrotron magnets;

The procedures are state of the art and well done with careful measurement
and correctionsa procedures, used and developed for the operation of the two ring
synehrotron facility.

4. The HIMAC very low ripple synchrotron;

The bechnical work described seems ko be outstanding. Our experts would be
happy to make according developments with respect to the common mode. The
ripples achieved are cbviousty world wide unique.

5. Beam acceleration with the digital beam feedback in HIMAC-aynchrotron;



The work gives the impression that the synchrotron aoceleration has been
technieally solved in a perfect way. Therefore [ cannot give any further
recommendations for improvements.

6. Slow beam extraction by a transverse RF-field with AM and FM;

The spill of the extracted beam and the spill structure is one of the most
important issues for synchrotron accelerators. Especially in the frame of therapy
project there are requests with respect to the microstructure of the spill, in
connection with fast scanning systems, and with respect for on-off-modes of the
beam to take into account breathing of patients. At the HIMAC machine the
syetem of rf-knock-out extraction is used which can be applied easily to control the
structure and the switching of the beam during the spill. Tt is a very interesting
alternative in comparison with other methods discussed like o.g. the betatron
extraction. The whole work shows a very good understanding of the invelved
problems and the competence of the people.
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Dieter Schardt, Ph.D. Gesellachaft fur Schwerionenforschung (GSI), Germany

M-1{2) Construction of HIMAC(Z) Beam delivery and treatment system:

Three papers deal directly with the HIMAC beam delivery system and
describe new developments aiming at conformation therapy using broad beam in
combination with synchronized absorbers and a muliileaf collimator. These papers
contain many technical details and very interesting new techmques such aa
irradiation system gated with respiratory motion which iz worldwide unique.

Two papers are devoted to experimental investigations of carbon beam
interactions in thick absorbers and are aiming at characterization of the particle
field ae a funetion of penetration depth in the absorber. As the relative biological
effectiveness increases for heavier particles, good knowledge of the composition of
the particle field is cssential for undorstanding the biological effects and for
treatment planoing. The quantitative investigation of fragmentation reactions of
therapeutic light-ion beams is thorefore an important task and deserves detailed
experimental studies. The experimental work presented in the papers has
produced interesting first result and should certamly be continuwed. It ia
recommended to publish the results of these papers in more detailed form in order
to allow a comparison with cther data and with model caleulations.



Two papers make significant contributions to the understanding of
fundamental probleme in heavy-ion dosimetry and of cell inactivation in heavy-ion
treatment fields. For ion chamber dosimetry, which 15 widely used in clinical
dosimetry as well as in biological studies, the W-value and its energy dependence
for different gases and beams are of prime interest. At higher particle energies
there ia etill a lack of data and therefore the first W-measurements for carbon
reams were important contributions in this fields.
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Lynn J. Verhey, Ph.D.  University of Califcrnia San Franciseo, UBA

M-1(2) Construction of HIMAC (2) Beam delivery and treatment syatem:

Due to the very practical nature of this category, it is easy to conclude that the
wark described is very appropriate and important to the implementation of heavy
ion radiotherapy and to the general field of Radiclogical science. Several of the
articles have been published in, or aubmitted to journale which are generally
availahle around the world. A few of them, however, are only avalable in
proceedings of Japanese meetings or internal NIRS reports. The dissemination of
this information is important to the field and should be strongly encouraged.
Important examples of developments which need to be submitted to generally
available journals, are the description of the 3D beam scanning syatem and the

respiratory gating system.
M-2 Radiation desimetry and protection:

The general themes represented by these 5 publications seem very appropriate
for the work of the NTRS. They make impertant contributions in the areas of
evaluation of risks and therapeutic affect of radiation on patients. They are
consistent with the goals of the Institute ta further understanding of Radiological
science. Since heavy ions are now heing used for radiotherapy at NIRS, work on
the fundamental dosimetry of these ions would be very useful. From reading the
annual report of the NIRS, it is obvious that some of that work is being done alzo.
However, most of that work has not been published in the open literature where 1t
can be easily disseminated to other intereated groups. Measurements of absolute
w-values for heavy ions and protons is still of interest to heavy ion dosimetry. I
note one article included in the beam delivery category. Investigations of linearity



of gels for heavy ion irradiation should be undertaken. To the greatest extent
possible, I would encourage the physics to be submitted to english-langaage
journals so that they can be read by others working 1n related areas.

M-3 Radiation measurements:

All the work described in this category is of interest to heavy lon radiotherapy
and to the general misaion of the Institute 1o advance the state of knowledge in
Radiological science. None of the work described in these papers is immediately of
use to radiotherapy, however. The most important work is the use of PET imaging
to visualize and verily the stopping point of heavy ion beams in patients. There
was no discussion, however, sbout comparing the measured stopping point with
that predicted by CT io electron density conversion. The practical use of this
technique would be to provide auch a venification on a routine bama.

My major suggestion for improvement in this area is to concentrate on
measurements which would be uscful for makmeg heavy ion radwtherapy more
accurate and reliable,

General commeants:

Overall, the work which I have reviewed is very impressive and, in general,
vital to the support and development of heavy ion radiotherapy at HIMAC., The
only general suggestion which I have made is that even more effort be made to
publish these investigations in generally available journals. Unfortunately, for the
Japanese physicists, this means publizhing in Enghish, which 15 the generally
accepted language for scientific papers. If the NIRS could provide English editors
it might make it easior to get these papers published - and, it would also make the
papers more eadily understood.

1 was egpecially impressed by the work in the beam delivery and treatment
system category. ‘This work is clearly in support of the HIMAC heavy ion therapy
project and much of it represents real advances which will be useful to the particle
therapy community. [ think the Institute should be very proud of the work of its
phyeicists and other scientists who have done so much to advance the theory and
practice of Radiological Sciences. [ feel fortunate to have had a chance to review ao
much excellent work.
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Bhudatt R. Paliwal, Ph.D, Univeraity of Wisconsin, LISA

M-2 Radiation Dosimetry and Protection:

“Energy Loss of 70 MeV Protons in Tiasue-Substitute Materiala” 1a archival
material and is very relevant to ¢linical proton therapy. I was impressed it also
included aolid water and ether tisaue equipment substitutes by RMI.

“Energy Loss of 70 MeV Protons in Organic Polymers” can be further extended
by studying the energy dependence of w and reduced energy calculated by using
cada and mean-reduced energy of ithe actual particla spectrum.

“Determinations of Organ or Tissue Doaes and Collective Effective Dose
Equivalent From Diagnostic X-Hay Examinations in Japan® is one of those activities
that is extremely important and necessary for our aociety. Unfortunataly, it ia not
innovative research, It would be useful to suggest and study the methods of
reducing the dosages to the population. An update of thia work before the
millenmium would ke werthwhile.

M-12 Heavy lon Therapy:

“Phage I/1] Dose Escalation Study With Carbon [ons at NIRS”
This proposal studies an important queation in & weli-defined manner. In the
United States, the Berkeley facility in the 1980z looked at several heavy particles
but did not do a well-structured study and hence did not come up with conclusive
results. 1 think a well-structured study in this area could make a significant
contributicn to the field.

A genernl recommendation in the ares of dosimetry to the NIRS would be to
devoto resources to the field of verification of clinical dosimetry in clinical studies



invalving conformal and intengity-modulaiced radiation therapy and in particular,
those involved with dose escalation either in particle therapy or photon therapy,
These are the areas where potential exists to cause severe problema in patients and
the precision and accuracy is essential in the evaluation of climical cutcome.

[ sincerely hope that [ have been sbie to provide helpful input into your review
process. As ] have stated earlier, the scope of the activities undertaken by the
group at NIRS is very broad and many of the arcas are beyond my realm of
expertize. In addition, due to limited time and the demand of work here, I was not
able to spend more time. [ am very grateful for the opportunity to participate in
this process,
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Dudley T. Goodhead, Ph.I). Medical Research Council, UK

M-6 Particle hiology:

All four of these papers investigate celiular hiological effects of heavy-ion
irradiations, with emphasis on LET-dependent variations for different heavy ions
and biclogical effects. The Brat three are full journal papers having a strong
common theme of initial chromatin breakage, its repair and systematic comparison
with cell death, as well az cther aspeets such as mutation in one papera. The
fourth is a hrief progress report on induction of interphase death. Syetematic
studies of radiobiology of heavy ions should provide fundamental information on the
mechanisms responsibie for biological effects including their dependence on
radiation quality and track structure, and practical applications in radiotherapy
with heavy ions and in assessing radiation risk from exposures cn earth and in
space travel. By their nature such studies require expertise and awarenesa of
multidisciplinary nature across physics and biclogy. (wverall these studies show
productive collaborations within NIRS and also with other groups for specialized
facilitates and combination of resources and expertize. Future work could exploit
this strong experimental basis with more detailed interprotation and testing of



hypotheses.
M-T Tumor radiobiology:

The first four of these six papers are specially related to critical questions in
radiotherapy, Using mouse models, they address particular aapects of repair,
hypoxia, repopulation, fractionation and radiation quality, which are ail important
to radiotherapy in general and/or to particular modalities that were used or planned
for NIRS guch as fast nentrene and heavy ions. There is considerable value in
having such tumor radiobiology working side by side with the development and
improvement of clinical practice. The remaining two papers are in rather different
areas relating to gene expression after whole-body irradiation and to the role of
platelets in antimatastatic activity in tumers. In general, the ressarch represented
by the six papers is of very high quality and internationally competitive as shown
by these peer-reviewed publications.
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David J. Grdia, Ph.D).  University of Chicage, USA

M-6 Particle biology:

Four articles were submitted for review in the particle biology. Over all the
manusgcripts are of high quality and they supply important mformation concerning
the effects of high LET particles on important biological endpeints such as DNA and
chromosome damage and cell knlling. No information is presented, however, on the
mutagenic and carcinogenic properties of these high LET pariicles. While the
potential for use in cancer therapy is clear, there is a different concern for apace
travel applications that has not been addressed by these studies. HRegardless,
these paper contain important data of hoth space binlogical and clinical relevalence.



M-7 Tumor radiohiclogy:

The tumor rediobiology program has supplied six aricles lor review. They
represent outstanding internationally recognized group of scientists in the field of
tumor radiobiology. With the addition of the HIMAC synchrotron to the NIRS
facility, this group will help facilitate the growth and evaluation of heavy particle
radiotherapy. ne concern exists, however, concerning the age of publicationa
submitted for review. One was published in 1992 and two were published in 1893,
Are these considered seminal publications or has there been no significant progress
in their respective aroas since 13937 Regardless, the publications chosen
demonstrate the breadth of abilities and interest of this group of scientists and
attests well to their ability to contribute to the heavy particle therapy atudies at the
NIRS.

M-8 Biophysics:

Six manuscripts were submitted from this program. The studies they
describe from basic to applied research. A common theme of four papers relates to
the potential development of microdosimetry syatems for radiation study. These
four papers contribute to the NIRS missions of space travel and cancer therapy
research. The remaining two papers are focused more on space travel than cancer
treatment. Bone metabolism is an important 1asue for extended manned missions
in space. These two papers are very solid and contain information that would be
uzeful in planning future biclogical studies 1n space.  As side note, beagle dog
studies were sponsored by the United States Department of Energy for a number of
years. These atudies were fazed out and terminated in the early 1990's because of
their cost and lack of productivity. Because these studies are costly and time
conanming, it is important that data be obtained, analyzed, and implications
published as rapid as possible. It is also recommended that a multi-disciplined
internal team of scientists participate in thie process. Biologists, chemists, and
physicists should all be involved in order to maximize the usefulness of the data.

PS:

Ih my haste to prepare critical evaluation for research programs at the NIRS,
I inadvertently failed to stress the importance of the work being done on high LET
research by members of your Institution. The HIMAC is a world resource. 1t
affords us the strong opportunity to study the effecte of high LET radiations on
cellukar and molecular processes involved in carcinogenesis and cancer therapy.

Space biology is really high LET radiation biolegy. Space travelers will
encounter a hostile environment which include exposure to ugh LET radiations.
Space craft are not designed to afford total shielding of these radiations. Thus,
hoth the cytotoxic and carcinogenic effects of these radiations will impact on the
health and well being of individuals during extended periods of space travel.  With
the retracting of the U.5. Department of Energy’s support for basic research 1n
radiaticn biology, facilities capable of addressing high LET research are
dizappearing. The NIES is in & unique position to fill this void and become the
world leader in hagh LET research.



Cancer therapy will also be benefited by the use and development of high LET
radiation sources. Application of the HIMAC's high LET beams to radiation
therapy will allow for the elinical development of new and improved treatments of
tumors that are now refractory to conventional therapies. This research will have
an international impact on the way cancer is treated. The NIRS investigators are
well known and reapected leaders in the fields of radiation biclogy and radiation
therapy. The presence and continued support of the HIMAC facility will insure the
development of new and improved radiation therapies for uae in the war against
CANCET,
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Theodore L. Phillips, M.D.  University of California San Francisco, LIISA

M-9 Photon therapy:

Three papers dealt with carcinoma of the cervix. A strictly clinical trial
reperted on the results with high dose rate remote afterloading and treatment for
cervix cancer. ‘This very large series of over a 10{K) patients indicates that high
dase rate radiotherapy is at least equal to low dose rate techniques. This 1a an
important paper as it repotts on a very large and well studied seriea and is part of
the foundation for the current widespread use of HDR therapy in carcinoma of the
cervix. Studies of this nature are to be encouraged and wall lead to real progress
and new technigues in radiotherapy.

M-10 Fagt neutron therapy:



These studies are all very interesting and well conducted, but they do not
really answer the question as to whether there is an advantage to fast neutrons at
any of these studies. In crder to do that in the future, it is going to be necessary to
have control cases treated concomitantly with conventional radictherapy using
modern techniques. Il fast neutron therapy is to continue at Chiba, it should be
done within that context, i.e. using the experionce in delivering treatment to design
a controlied trial in which half of the patients would receive photon irradiation.

M-11 Proton therapy:

The investigators continuing the proton therapy for ocular melanoma should
compare their resuits very carefully with those from MGH and LBNL as to local
control results [or each size of tumor treated to be sure cthat their technique ja
achieving the same results as the other centers. A review of the localizing
techniques and the methods of defining the exact tumor margine could alao be
indicated.

M-12 Heavy ion therapy:

The results are encouraging for carbon; the early late effects are acceptable. |
weuld suggest a eareful comparison of these carbon results with neon results at
various gites, in particular in terms of the RBE's and doses chosen as maxmmum
tolerated and the late effects to skin and subcutaneous tissues, ag well as to central
NeEVOUS Bystem.

Once suitable maximum tolerable doses both in absolute Gray and in GyE are
established, then formal phase I trials should be mounted with the selected doses to
accumulate approximately 40 patients per tumor site. When these are completed,
it will ke then possible to determine if a suitable MTD (maximum tolerated dose)
was used and to then design phaselll controiled trials that would compare heavy
ion treatment to photons. This will be extremely important since this is the only
facility 1n the world at the moment capable of doing such triala,

M—9 XTHR

HiER#* (HDR) BREHIZL D TEHEBHESOSMENIEE. 100 0MERE ZEMIC
HLTIFHOH, HDRESHIERREES S D ELEUBRESL5 - LR, TOFHE
. BECHDREMOUEREL A FELDETHEETHY., TOROWRIEHBERONOE
EEROFETLOLELT, BCHBEIND,

M—10 BEhETE

AT ERICEY S MEVOMRIINGEELN, ThoofAREI R TREVERLOHE
2L TRHAMS AL NISBAOROEACRAGR N, COREELSITRETFEREOS 5
TAAZE AT 4 3 UNMTZLEMNS S,

M-—11 HRTRbH



HEMALORTRIERERITT SIS - TH, MR EERY 1 ZNIZMGH®LBN
LAEEERR<HEL T, MEORRERTHAILZMEETIAEMED,

M—12 HETEERIT

REE—LOBBERIEIRSORITL220THS, COBREREBE, BAHSERE £ UL
ML EDESEMOREREOCESET. 23— AnBEEREET S - L eHO 0. BE
ORRICLEORAHERRERE Lz ol, 7r—ZH, 72x—XM LT EDLIATHS S,
BIETHEE OHERABEREL T 72— DAY T4 25T 512, BRI HELTRYTE
—OEHE THRESOEaR i 5,

Richard Potter, M.ID. CGeneral Hospital Vienna, Ansiria

M-9 Photon therapy

A large experience from NIRS is reported on cervix cancer brachytherapy
(HDR/LDR), which representa one of the largest series on HDR brachytherapy in
the international literature. This is an experience, which was started in 1968 and
mncludea 1022 patients treated with brachytherapy up to 1982, with a minimum
follow up of 9 years when reported in 1992. This paper represents a very
impresaive report on a large clinical series with a new treatment technology.

M- 10 Faat neuiron therapy:

The cousequences from the prospective tnals indicate that high LET neutron
radictherapy may be used for some indications {melanoma, ssophagus carcinoma,
glioblastoma), with a significant trend in favor of neutron/photons only in one
specific subgroup {adenocarcinoma of the lung), but clearly with no advantage in
cerviX carcinoms and squamous oell carcinoma of the Tung.

The data from comparative trials are rather clear in case of “no advantage for
neutrona” (cervix carcinoma, squamons cell lung cancer), but not conclusive enough
for “advantage for neutrons” (adenocarcinoms of the lung).

M-11 Proton therapy:

The results correspond to the well known data from large series (Boston,
Villigen). ‘This experience underlines clearly, that a high sophiaticated treatment
planning and performance technology could be rapidly introduced at NIRS into
clinical practice, providing similar treatment results as in the traditional larpe
centers.

M-12 Heavy ion therapy



It would be of major importance, to enter a phase of systematic comparison
with “traditional® treatment, which might be defined as 3D-conformal photon
radiotherapy. The history of fast nentron radiotherapy, also at the NIRS, has
shown that only a sound comparison - nowadays the “gold standard” s within a
proapective randomized irial setting - may lead to a proofirejection of the
superiority of one method, if these methods undergo such comparson waing the
nowadays conventional tools of scientific research. For example, thia would be
applicable for specilic tumer sites, like adenocarcinoma of the lung, not squamous
cell tumor typea of the hend and neck, prostate cancer, cervix cancer stage I
(including biclogical parameters).
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Victor R. McCready, M.D.  Royal Maraden Hospital, UK

M-13 Basic Study of Imaging:

All the papers have been published 1n prestigious journals and have been peer
reviewed to gat into those journals. The physics papers are very relevant to



clinical nuclear medicine and the results will improve imaging i the climeal sphere.

The radiopharmaceutical production paper is also impressive and provides
information which wili be useful in the elinical gphere when the
radicpharmaceuticals are applied for clinical research.

It was interesting and gratifying to read the papers on brain acetyl
cholinesterase activity. The compound has been developed, tested in animals and
then used in patients.  The wse of the compound in Alzheimer’s Disease was baned
on the hypothesis that the postmortem reduction of the enzyme should be found in
Life as well. The authors designed the experiments very well and executed them to
produce & clear result which will be useful in developing drugs to help Alzheimer's
hsease. It may be that the Institute would profit from more groupa following thia
logical and progressive type of research.

M-14 Clinieai Study of Imaging

All of the papers are published in prestigious journails and have gone through
the peer review process successfully. The papers on neuro nuclear medicine are at
the leading edge of the subject and the ability to get these into the Lancet and
Nature reflect the quality of the work., Likewise the paper on the lung as a
reservoir for antidepressants due to the serotonin transporter receptors also should
be viewed as in the leading edge of the research,

The magnetic resonance studies are also very interesting. It was pleasing to
sce the wse of magnetic resonance for atudying cerebral blocd flow by a neninvasive
and non-radiation method. The use of Deuterium MREI is also a4 new area which
shows promase.

The twe papers in the Jeurnal of Nuclear Medicine on myocardial studies are
interesting and are competitive with the rest of the world. These will be nseful in
the field of cardiology.

Conclusion

Individually the publications are excellent. However it 1s difficult to indicate
future directions with such a heterogenous mixture of auljecis. Perhaps the work
cn neuro-nuclear medicine should set the pattern for other areas wathin the NIRS
where your experts in technology ghould produce new ways of making
radiopharmaceuticals to be applied in specific areas of elinical research, tost them
in animal models and then put to ciintcal trial. Since the most prevalent disease in
the world centres involve the heart and oncology, it is possible that perhaps more
effort could be put into those two areas. Perhaps the priorities eguld be different in
Japarn.
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