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The §inst Cyclothon adapted for Neutrontherapy
were using the Deuteron/Beryllium reaction.

Now, the Cyclotron recently installed or planned
therapy, are using the Proton/Beryllium reaction §or
economical reasons. 1t 4s the case at the NEUTRONTHE-
RAPY UNIT in Onleans Hospital in France, were the fast
Neutrons produced by the isochronous Cyclotrnon of CNRS
(CGR Mev 680 Type) are obtained with 34 Mev Protons on
a Beryllium target with an additional polythene filten.

Since the 18th of september 1980, we dispose of a
vertical dowmward neutron beam, produce by interaction
of a 34 Mev proton beam, and a thick target with 40}~IA
cuwrent.
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We have 4 Lines of beam at our disposal : Line 1
48 used to produce short Lived radioisotopes, Line 2
L8 mainly used for activation experiments, Line 3 As
used to produce 1'*3, at Last, Line 4 is infended fon
Neutrnontherapy. The Zreatment room (CGR Mev) (44g 2)
based in the underground, unden the beam cariing room
has an approximate size of 4 x 4 m and 2.5 m height.
1t s Ls0fated from outside by 2 m of vibrated concrete
and the {nway Lock-chamber allows of a chicane to avodid
staf4's Ladiation.

The main collimator (F 3) 4s fixed, and made of 3
sonits of materlal : from up sdde to down side, we §ind:
Steel, pure Irhon, Barytrand boran concrete forn the dis-
tak part, which s shaped Like a hexagonal walls pyra-
mid. The secondary collimator, or Insents, are movable
and define the {wadiation field. They are made, for
the upperside part of an epoxy resin charged with gra-
nular steel and for the downside part, of the same he-
s4in charnged with borax. The use of these two types of
materials has been recommended by J.P. MEULDERS.

The Insent 4is actually made of 2 nesting parts :
the main insent used forn all small fLelds. The seconda-
ny Insent specific of the wished field. The whole secon
dary Lnsent 44 movable along its vertical axis.

NEUTRONTHERAPY

FACILITY

™

##+ Université Catholique de LOUVAIN LA NEUVE (BELGIQUE)

Fig. 2 : Theatment hoom

BARVT CONCRETE
3 wov (NEUTROTHERAPY UNTT - ORLEANS-1981)

[E] BORATED EPOXY RESIN (B.E.R.)

B.E.R. AND IRON SHOT

Fig. 3 I

The target (F 4) consists from upperside to downside
04 :+ A netractable alumina allowing the adjustement of
the proton beam on the Zarget before iwadiation. 4
sLEs covered with tantalum and assigned to the control
of the beam stability duwiing the theatment. To ensure the
draining off of the power by the beam (1.5 Kw), the tar
get whose diameter 48 50 mm consisis from upperside Lo
downside 4n : 3 mm Berylfium, a 0,5 mm thick strnip o4
deionized water, 6mm Beryllium, a nd sindp of water,
a 3mm thick strip of copper which ensure the vacuum-
tightness Ain the conducting tube. The remote controlled
operated cylinder allows the interposition of various
absonbants.
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in the beam.The fuminous simulation system consists in
an hatogen Lamp and a fixed mirrion made of aluminized
plexiglass . The {uadiation monitorage is ensured by a
Lonization chamben

The collimation system inherent filtration therefone
consists in: The plexiglass mirnron,the target copper
stdps and the monitorning chambens.

Foresaw to be,as a routine,used by a manipulator the
medical command desk is nan by a microprocessor  and
A8 concept L5 as close aspossible of the Linac com-
mand desk.

Fig. 4

The main physical characteristics of the beam are
swmmarized tn table I
INTERACTION 34 Mev P/ Be
BERYLLIUM TARGET : THICK -~ 9 mm -
PROTON BEAM CURRENT : QOr'A
ADDITIONAL FILTER : POLYTHENE -50 mm-

COLLIMATTON FOR FIELD SHAPING:
Fe + Polyester + Borax = 60 cm

S.8.D ¢ 135 cm
WITH A 10 x 10 cm FIEID AT S.S.D 135 cm:
TISSUE KERMA IN AIR : 0.17 Gy.min_1
GAMMA COMPONENT IN AIR ; 6.5 %
DEPTH OF 50 % DOSE :
PHANTCM shonka,

11.8 g cm2

The influence of the variation ¢4 the different
parametens accornding to the filtnation thickness has

48 : 0.3 Gy.min

Befone the trheatment of the patients,we have
companed the biological effects of our beam with those
of the Deuteron §ifty Mev neutrnon beam of Louvain La
Newuve [Pn WAMBERSIE, BELGIUM).

We have compared the Relative Biofugical Effectiveness
values o4 the two beams jon early tolerance in mice
aptern total body and abdominal irradiation in one and
many fractions.The bilological eniternion is the L.D
§442y (DL 50) at the five-sixth day after irradiation,
the regenence beam are the sixty Cobalt Gamma Rays.

The death scored at a given time agter irradia-
Lion correspends to a given survival Level of intesti-
nal stem cells.
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Onfigure & the curve on the right is the best theore—
tical cellulan survival curve for the intestinal stem
cells irnnadiated by Gamma,obtained §rom a series of ex-
perdences in gractionated (vadiztion up to twenty
fractions .1t is derived grom measures of incredasing
0f the LD 50 when keeping the overall time constant-
each of the graction of our irnradiation in N fractions
48 SpLLt dn two subfractions separated by three and
halg houns.
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The closed circles on this Gamma cwwve,correspond to
the Gamma doses pen 4raction obtained with the RBE
experiments of Fifty Mev newtrnons, forn (rradiation in
one, two and ten fractions.

Left of each of them,one has put the ccrresponding
neutrnon point,wich allows to thace the best neutron
cell survival curve.The down curve shows the vaiation
o4 the RBE expected frnom the comparison between the
two cell swwilval curves obtained in this way.As one
can see,the stan Like polints fon experiments with Pro-
ton thinty four Mev newtrnons of Onleans can be eventual
Ly mixed with those o4 Louvain La Neuve.

For total body imadiation in a single fraction, i

one consdidens the dose survival cuwwes at 30 days,
taking as hundred pencent the swivival at the # th

orn the & th day,one observes an hematopoietic Refative
biclogical Effectivness of one point four, one point
five, neadly inferion to the intestinal R.B.E.

RBE

| Figures 6 and 7 have been nealized in the proges
son WAMBERSTE's Laboratory - Louvain La Neuve-).
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Radiations around the Newtrontherapy Unit

Measures of nadiations are effectuated by means of
a nem-counter model 2202d Studwick and an LoniZation
chamber for neutron and gamma.The collimator s equip-
ped with its insent of 15x15 em. Figures 8 -9 show
the nesults fon the groundfloorn and the basement res-
pectively.Contholled area consistsof basement and car
ryng beam room.
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Fig. 10

Fig. 9
Resddual activation of treatment room.

Figure 10 shows the activity of collimatorn agiten

an Lvadiation. This activity 45 caused by radionucli-
des such as 150,11¢C,56Mn. Theses radionuclides are the
result of activation of oxygen,carbon,iran Ancorpora-

fted 4n the collimaton.Because of good protection ac-

conded by this one,walls of treatment room are prac-

Ueally not activated.

Activation of airn in treatment room.
Table IT shows radionuclides present in air of

reatment room.Radionuclides are Ldentified and measu
ned by Geldi gamma spectrometic analysis of small ap-
propilate targets.
Characteristics of treatment room:

-Total volume 53 m3

-Trnadiated ain volume undern collimaton (with its An-
sent of 15%15 cm) : 0.080 m3

-Adn turnoven 7 (4in rnoom volume by houn)

4TAn 45 the only radionuckide 2o exceed the M.P.C.-
40h at saturation.lf including ain turnover,ain dilu-
thon and time frradiation,concentration of these ha-
dionuclides are well beneath the Maximum Permissible
Concentration.

ALL measures are given for a 34 MeV proton beam at
farget intensity 40 ,«A.

IR PRODUCT HALF-  NUCLEAR  SPECIFIC ACTIVITY **  vrC 407
CONSTITUANTS ~ RADIONUCLIDE — LIFE  REACTION AT SATURATION (Ra/r’)  (Ba/m®)
Nitrogen 2y 9.97m  N(n,2n) 2.5 10° 1.8 10°
Orygen oy 7145 orn,p) 7.4 10°* 8.1 107

5o 2.05m  1%0(n, 2n) 1.7 10° 1.7.10"
Carbon o 20m 1201, 2n) 3.8 107 0.0 10"
hrgon gy 1.8 prin,y) 3.4 10° 2.4 10"

e s6.2m  Oarin,p) 3.4 10° 0.1 10"

L 5.06m  “Oar(n,a) .0 107 % =

»  FEstimated.
* % Average concentration in the irradiated volume (under collimator).

Table II
Fig. 11 shows the dose measured outside the field in a
polythene phantom.
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The clinicat study has begn since the 20 of Januany
we have treated presently 30 patients in phase 1 study.
We use the same protocol as Louvain La Neuve:

9 o 10 Gy equivalent Gamma Ain 5 fractions a week,

3 Neutron, 2 Photons.
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