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RE: Radioclogicz2l Physics for Biomedical Facility -

Report kaszd en our visit 7-9 February

The enclosec rercrt is based on the ¢n fcrration we gathered when
visiting Los Alamss 7-9 Fekruvary. I have tried to represent the
consensus of Bill's, Feter's and my own opinion. We did agree on
all essential points. Hovever, Peter and Bill might have somewhat
different views on certain details. By means of copies of this

memo and report, I ask them to let you know directly, if they want
to add or modify.

We were instructed to consider primarily the "definition of physical
dosimetry procedures for biomedical pion beams". In order to achieve
a corplete and balanced view, we found it necessary to study the status
of the bicmedical picn rrogram in 2ll its acpacts of clinical radio-
logxcal physics. I have broken dcwn the report in the following
sections: :

1. Fundzmental) dosimetry. .

2. Beazm characieoristics,

3. Treztment planning,
4. Bezm shaping and treatrent,
5. Equipment in the treatrment room,

BEST COPY AVAILABLE

6. Sirulaticn znd patient mozsuremants,
7. Casting and imuobilizaticn.

I will work a time-schedule separately but I need an undisturbed half
a day for that, so it will be sent to you later.
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RADICLOGICAL PHYSICS FOR THE BICHMEDICAL FACILITY, LAMPF

REPORT ON VISIT 7-9 FEBRUARY, 1973 BY ALMOND, BJARNGARD AND HEXDEE

REPOST PREPATCD BY B. BJARNGARD ’ mr @WEMEFW;&EW
1. Fundsmentol Dosimatry 90133106

Ore can define two separate objectives for the effort in fundamental
dosimetry: 1) to develop methods with sufficient accuracy to start
the biology and therapy programs as planned; 2) to develop methods

for accurate characterization of the interaction of the pion beam with
matter in order to allow an in-cdepth understanding of the biological
action of the pion beam. The first objective is intimately connected
with the target dates for the biological and therapeutical programns.
The second objective can be reached only through an effort spanning
over several years.

Ongoing work is directed towards the first of these objectives. Raju
has approached it with a program with ionization chambers, based on

his experiences at Berkeley. Meaningful experiments can start with

10 uA beam currents. Raju has planned to make such measurements. Add-
itionally, particle fluxes will be determined as part of the beam diag-
nostics program.

In an unspecified manner, outside groups are expected to come~in-and -“
perform calorimetry and microdosimetry.

Richman is pursuing a pregrem wi+th silicen detestors and pulse analysis.
These mesezsurenontis can provice information of the electron contaminztica.
This will also be studied with Cerenkov detectors. The silicon detectors
will provide data on the freguency distribution of the specific enercy
impartcé in the silicen detector. ‘“Those dota will probably be userful

for churacteriration of the Leam in terms of LET distributions. Icwowves,
it is not clezr heow this intrepretation will be made, but furtier theo-
retical and experimental studies are necessarv. It should at least ke
possible (as pointecd out by Richman) to separate the dose contributions
frem high LET and low LIT radiation on the basis of the measurements
with silicen dctectors.

The problem of evaluating the exact status of the program in funéamcntal
dosimctry is to find the proper balance between the tvo ohjectives men-
tioned in the introduccticn. The program can no doubt proceed at the
present, rather leisurely pace for another couple of months without any
threats that the deadlincs for biolocv and therapy will be affected.

)
3]

However, "it musrt Lo recocnized that the present program does not
guarantee a rcussnable coprth of uncerstanding of the effects of the

pion beam in terms ol piysical dosimetry. The effort in funcamental
dosimetry must be expandcd and must be allowed to continue for several
years, branching into calorimetry, microdosimetry, spectral analysis,
and extensive thceoretical studies. The geal of this part of the program
should bc accurate and sophisticated dosimetry. It is reasonable to
expect that the most qualified experts on pion dosimetry should be
merers of the LAMNPF team ond not only avcilable to the project oa a
consultant basis. We, therefore, recommend that the dosimetry effort

is strengthened by adding a physicist to either the LAMPF group or the
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UNM grouvp. The interest and assignment of this physicist should be
fundarental dosimetry. By the way, neither Raju nor Richman are
prirarily oriented towards fundarental dosimetry. The new physicist
could be at the level cf a coctoral or postdoctoral physicist.

erson with the necessaryv cuali-

Since it will k ke

e €ifficult to £firnd t ver
ficaticns, the ssarch should start immediately.

2. Bean Charazteristics

A large number of data have to be accumulated to describe the charac-
teristics of the beam. Studies of the influence of inhomogeneities,

the dose distribution at interfaces, depth dose data in water phantonms,
confirrmation of treatment plans, etc. are all parts of this project. A
significant amount of theoretical work must be included to gain further
understanding of the beam and allow the exact interpretation of measure-
ments. This is especially important in view of the fact that treatment
planning by necessity will be based on approximative mathematical tech-
nigues, and the validity and restrictions of these methods must be
understood.

Our opinion is that while this part of the project suffers from shortace
of personnel, it is not yet behind the general schedule. Richman, with
the assistance of Barnes, is in the process of developing measuring
techniques for this purpose. He has started the construction of a par-
ticular phantom for the study of the influence of inhomogenities on the
dose distribution. The specifications for an automated isodose plotter,
measuring in water, are being worked out.

In view of the I1imi z=pover available, we strongly recommens that
in-house construcsti arni manufacture is considered only as a las‘ rcsort
and that rore attantlon ke paid to what can be bought connerc1a11y. Aé-
mlttcdlv, the use of readily available eculpment might impose some re-
strictions. HKowvevar, in nwost cases tiis is a reasonable price o pay to
free vp available personnel to work on problems unicgue for the piecn bic-
medical channel. E&recifically, we propose that a corputcrlvec isocdcse
plotter of proven construction be acquired, and the computer program be
rewritten to suit the PDP 11/45.

3. Treatrent Plzrnninc

It is intended thet geomctrical trecatment planning be done on the

PDP 11/45 comguter. Tihis cdecision is guite reasonable in view of the
complcrity of the beam and the beam shaping methods. We also agree
that it is desirable to design the treatment planning program in such
a2 manner that the thercpist and his staff can calculzte the dose dis-
tribution in the patient in a reliable, convenient and economicsl
manner. To achicve such convenience, interactive computer operetion,
the use of aprrorimating methods rather than complete and first-class
physics programs will be nccessary. This is acceptable since the
spatizl resolution and the accuracy have to satisfy the clinical needs
which zre nuch less demanding than those characteristic of a complete
physical description.

Ve consider the treatment planning program under development (Shlaer)
as an excellent first choice, to the extent we could evaluate it.
Unfortunately, the further develcpnient of this program has been
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interrupted. It is most
estirate that it will be
tire on this proiject, in

essential that this
necessary to assign
clcse collzboration

) 3
program be restarted., We
one programmer to work full-
with a clinical physicist.

who will spend crtcut 1Cf of his time on this assignment.

It is guite rossitls that et a later éz+e, when accurate physical ané
icicrical Zz=z Zfgr the Ticn fo2im are knzwn, the treatmant planning

prograim will z2 voleted end rmodified o allow more accurete predisiion
L ths treztmant result. However, it is important to defer such a
develczment &nd conceontrate on the task to have available a trectrent

plannlng method of sufficient accuracy when the clinical trials should

begin.

An interesting problem in pion radiation therapy is the need to include
biological cata in the trcatment plan. Although radiotherapists are us
to modifying dose distributions on the basis of radiobiological data a
clinical expericrces of fractionation schedules, the problem is compou
in the case of pions by the pronounceé variation of RBE with depth. We
propose®that the initial treatment plans be presented as threefold plans,
specifying high LET dose, low LET dose, and total dose. This will allow
the therapist to correlate dose with biological result in a reasonable
manner, while the physical meaning of the treatment plans will remain
clearly defined. Eowever, it would bz highly desirable toc be able to
calculate expected survival. Mathematical models are available for such
calculations. They lend themselves to consideration of RBE as well as
fractionation and can easily be computerized. We recommend that some=-
body in the radiobiological group look into this problem or the advice:
of a suitable expert (as Dr. L. Cohen) be sought. :

'l 3w
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The dose distributicn will be built up in the patient by the use of

the been through a stationary slit combined with range modulation andé
patlen. notion. This system will be oprerated by the PDP 11/45 ccunuter
in adéition to the norr2l keozn channel operatica. The computer will
derive the oparational settings as part of the treatment planning procranm
The treatment planning program in its turn receives its input data fron
tracincs cf the treztrent voluna and dcescriptions of the beams. 211
inclucdc&, the systen kbocomes gquite comple:x, and it will be difficul:
the radiotherapists ond tihe physicicts to get an overview in routine
oparation.

fer’

Althouch we have grcat ccnfidence in the technical details of the
systen, It cseemed to all of us important that an analyesis of the over-
all systen be made hy a physicist with clinical experierce. The purr
of thic effort w« be to cvaluate the fvstom as a whole, rather
the indivicual detaile. It is the interaction Loetuor
sirmulators, treatrnent planuing act1v3blcs, put*ent positioning and
holdlug devices, and the machine parameters be fully includeé in this
"systems analysis®

s
fl SRR

ir DJ,.,.-..;.

- - eses W

In addition, responsibility for the overall performance and safecty of
thins system should bz assigned to somabody of the LA-UNXM group to
further climinate possible oversight. We assume that this would be
the duty of the deputy assistant director, when he joins the group.

*This was suggested to us by Richman, actually.
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S. Eouiprent in the Treatrent Room

The patient supzort assertly has been discusscd by a subcormittee,
which concludsd that in the long run it would be desirable or rncocossary
to dssicn a spscial table, charactesricsed by extreme-versatility &nd
precisicon in oesitioning. Furthcormere, it wa2s anticipated thot txe
patiznis be sat up oucside the trzatniant rocm on a separate taile top.
On the other hard, the subcormmittee felt that as a short-term solution

a table with considerably rore simplicity might be necessary. We
strongly agree with the latter conclusion. The specifications on the
ideal patient support assembly can only be evaluated in light of the
experiences gathered from practical work.

Several structures have to fit in a box to be mounted on the last
magnet. The most important of these are the range modulator, the
collirmators and the monitoring ionization chamber.

The clearance between this box and the patient was discussed at great
length. Since extra distance means loss of pions, it should be kept
as short as is possible. Yet, it cannot be allowed to interfere with
accurate positioning of the patient. The box with the collimators,
etc. must, therefore, be as short as is possible, and the end facing
the patient must be as narrow as can be achieved. The present plans
call for a box 40 cm long and 30 cm wide at the end. We feel that
this will be acceptable.

However, the technique chosen for range modulation requires quite a
lot of space. It uses a volume of water, the thickness of which is
roderated bv a piston. lle arc not convinced that the pessibilities

to use a rotating disk hzve peen thorouchly investigated. This tech-
nigue has been used for protons. It has the advantage that material
with higher density than water can be used. It also seems simpler and
safer in routine operation.

It is very desirable that one can vcrify that the patient setup is
correct before treatment is initiated. In conventional radiotherapy,
this is cdone with a port £ilm. We propose that an x-ray tube is in-
stallcd in a suitzble ranner so that 2 similar verification can be cone.
Afmittedly, the convergonce ¢f the pioan beam connot be simulated with
Xx-rays but this is a relatively minor limitation. Beam localization
can be studied, however. It might even be possible to make a fast run
with the moving collimators, moving patient and x-rays on, the notions
controlled by the computer, to couplub :1y check positioning and col-
limation. UWe strongly reccmrmend that these possibilities be further
exnlored and an x-ray tube 1nstalled even in the case that complcte
simulaticn cannot bz achicved.

For pationt sctup and becam localization, it is also important that wvall
lasers be nounted to indicated the position of a reference point.

The fact that the beam is unusual and the beam shaping arrangemcnts
complicated have resulted in serious discussions of the possibility to
localize the irradiated volume by detccting mesic x-rays and other
photons with a garma camera or a multiwire proportional counter. Ve
feel that this demand for control is well founded. However, a gamma
camera system is probably too complicated a technique to be considered

LY
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for the irmediate future. Although it could be developed into a method
for quantitative in vivo dosimetry, such a devel-pment would require at
least a manvear cf exreriments and comdutations. To monitor the depth
of the stcssing region, we instead progose that a vertical arrzv of
cetectcrs e use lecking 2t var-o .S crrth of the center line ® Sece
Ficcocre 1. Th Ty with suitzble ccrputer inter-
fzcinz, 2 r= c: &+ various depths. Therefors

= n be achieved at all tines.

" 3
ConiIC. O- ‘“.

x ava*la:;e ‘urther enhances the possibilisies
Gevice be intecrated with the operational system.

For control and docurmentation of the cross section of the beam, we
recorrend thzt a photographic £ilm is mounted over the patient and
rigicly attach ed to the table. The film will then indicate the shape
of the irradiated area on the patient. With an x-ray tube being avail-
able,a film can be exposed in the same position for identification of
anatomical structures within the irradiatcd volume. It is possible to
replace the film with a multiwire proportional counter. This will re-
guire more development work and cannot give the same resolution. This
problem is again a dilemma of long-term and short-term objectives. The
immediate needs, which in this area seems to have ‘taken a back seat, are
extremely important. Various devices that can allow verification that
the patient has been correctly irradiated are necessary for routine
operation. They should be selected on the basis of simplicity, reli-
ability and relevance. The development of certain other features, such
as a gamma camera system or an ideal treatment couch, must be post-
poned if not absolutely essential for the clinical program.

6. Sinulation and Patien: Measurenents

Because of the physical properties of the rion beam, it is very importcnt
that the inhomogeneities in the patient are accurately determined. Their
inflvence on the dose distribution have to be taken into account. Ue
éid not £ind that anybody was actively working on this problem. An
apprec:irate measure would be to start with orthogonal films, accurate
contouring, ultrasound and anatonical atlases When density values

are necced for structures such as bone angd lunc, it will be acceptable,
in the beginnina of the project, toc ucse publlahed average values.
Hovever, this will przebsably not suifice in the future. Further recon-
riendations from t.e vsars grovp should be solicited. A search for an
optimum method should be lnstigated.

A goced ceontouring device, interfaced with the computer, will be neeced.
Development of such dcovices has bien started by Loth industrial and
academnic institutions. Thesc possibilities should be investigzated.

The use of this device vill require assistance by a computer prcgrarmer
undexr the direction of a clinical phyuicist.

A sinmulator installation is necessary. This will allow the therapist
to make the decision of how the patient should be positioned for the
treatrment. Correctly cdesigned, the simulzter will also aid the thera-
pist in defining and prescribing what volume should be treated and what
volure should be sparcd. The ideal equipment for simulation would con-
sist of one vcrticel and one horizontal x-ray beam. See Figure 2.
These beams would be monitored by two stationary or one moving image

*This was the result of my later discussion with Ed Barnes.
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intersifier. It must ve possible to expose photographic film with
-éither x-ray beam. Large éistances between patient and focus should
be used in orcder to simulate the convergence of the pion beam to the
greatest possible estent. Th2 x-rey kecem arrancement should inclula
collizmztors ©f ¢hes rmultiple leaf tvpe, which can define eand simulzte
the volume to ke troated as well as ar2as to be spared. Surface con-
tours con als ired with thzz2 devizes, This informacion zhould
b2 £:Z directlis into the 2

michc c

syste™

cornuter for ths treatment planning. Tials
lear when studying Figure 2.

The general idea bkehind the suggestion of this rather complicated
simulator arrangement is that due to the unusual and complex beam
properties, every effort should be made to allow the therapist to
interact directly with the technical system.

A simulator in conventional radiotherapy can sometimes be used to verify
that everything is ready for treatment. We propose that this function
be performed in the treatment room itself in order to eliminate the
maximun number of possible errors.

We are concerned that the space allocated for simulation is too small,
especially the control area. The therapist, aided by a technologist,
will operate a fairly extensive system consisting of a control console
with at least two, possibly three, TV monitors. It will be difficult
to accommodate this equipment and this personnel in the present space.
One possible solution is toc move the dark room to the corner of the
control room. Another possibility is to integrate simulation with
treatment planning. This would further extend the interaction of the
therapist with the system, in that simulation and treatment planning
could be perforrmed frcm the sane position.

7. Casting and Immobilization

It is difficult to foresce the exact role of casting and immobiliza~-
tion at the present time. Vthile the fact that the beam is fixed and
vaertical requires considerzble versatility of the setup procedures,
this derand will be somewhat compensated for by the fact that the
beam shzping is extremely versatile. Also, the depth dose character-
istics ezre such that the problem of protecting sensitive volumes in
the patient's body are less serious than in conventional radiotherapy.

It is desirable that treatment plans are worked our for actual cases
before final comnittments are made to acguire equipment for patient
positioning and immobilization. This work chould be done by the thera-
pizt and the clinical physicist. It can be started without the com-
puter progremner.

We e not expect that a considerable amount of casting and custom-imzce
irmobilization devices will be necessary. The room set aside for cast-
ingy is somewhat small. Also, it would have been more convenient to
position the cast room between the simulator room and the mechanical
shop. We understand that storage space is available on an upper level,
where a supply of casts can be kept.
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