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Summery. Since 1969 & number of lloscow
medical centerb hes carried out proton radi-
ation therapy of patients with different ty-
pes of deseases by ITUP synchrotron proton
been with the energy up to 200 ieV, These
irradietions enploying a specislly extracted
proton beam are used in routine prectice snd
are mede in perellel with physicel reseerch
program., Two additional chennels es well es
two new procedure rooms heve been operated
since 19952, & speciel set-up of equipment,
including clinical dos 1ﬁetr” devices, patient
irrediation equipment (four specinl units)
and computer-controlled systems sre now ins-
telled et the Tacility. By present, more then
1500 patients heve been irredieted, This re-
port presents e description of physicel end
dosimetry equipment end techniques of irrsdi-
ations. A summery tsble conteining dete ebout
patients and clinical results is also presen-
ted.

Radietion therapy by proton beam or other
Heavy Charged Particles (IICP) is carried out
or is planneu to be sterted in next future et
egbout 10 cepntres in the world. Three of them
are 1ocatedintMSovie§ Union, nemely in Dubnsa
lioscow end Leningrad<.

llore then 6000 patlents with different
diseases have been treeted by HCP beams in
the world., At the end of the sixties, when
this work was started in the USSR, foreign
scientiest had accunulated certain experien-
ce in irradistion of smaell intracreniel stru-
ctures. Irradiation of new growths localized
in other parts of humen body had been carried
out in smell number of cases.,

From the very beginning soviet clinicists
considered proton beams &s & means of irradi-
ation of new growths end structures hevihg
different dimensions eand_locelized in diffe-
rent perts of humen body This conseption
defines the development of clinicel work st
the T70-200 ileV proton beesm of ITLP synchro-
tron for ebout twenty yeers. Proton irredia-
tions are carried here by _a number of lioscow
leading clinicel centres*>, From 1969 to 1926
1270 petients received about 1)wO proton tre-
atment courses (see Table 1). At the seme ti-
ne techniques enployed for 1rradiation of
tergets having different shepes, volume and
localizetion, as well as the equipment for
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Toriing end dose Tield neasuring,
gtends for petient positinnin, end shif-
durine irredies nidop cheecizliy, 74
:ol heve been deve]oped end 1mproved At
first the worlk was carried out in one proce-
dure room equipped with devices for intracra-
nial tergets end eye tumours irradiation
(first device), end for uroginecologicel tu-
morrs irradiation (second device).
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1-skeleton tumours irredistion; 2- sexuel

gphere tumours irredistion; 3- irradistion
of glend with dishermonel malignent tumours;
4- combinative (p+gammea) 1rrad1rtlon of pi-
tuitery glend and metastases of mammery
glend cencer; 5- skin melenome and metastases
6- melignent tumours of eyve; T- pituitary
glend sdenome; A- intrescranial blood vessel
melformetion; 9- totel number of patients.

new redintreetment te-
chnigues and to incressc tie sroductivity of
the fecility (number of radiastion sessions
per dey) pdditional procedure roons were re-
quired to instell new specislized equipment.
krection of the building with three procedure
romms (I'ig. 1) was completed at 1930,
Irredietions in the procedure rooms ere
cerried out by turns. The beem with the ener-

In order t« stert
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I'ig.1 Plan of the comnlex with three pro-
cedure rooms. Wi-bending magnets; PR-proce-
dure rooms; CR-control rooms; Pr-patient

prepering rooms,

gy proper for irradietion session considered
is kicked out from the accelerator orbit end
trensported through the vecuum ion quide to
one of the procedure rooms (Fig.2).

Fig.2 wviasgram of proton beem trensporting
channels., XS-kicker sections; Dli-deflecting
megnets; Tii-bending megnets; C-magnetic cor-
rectors; L-quadrupole lenses; Fil-brocedure
rOoons.,
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The beesm in ell the procedure rooms are
horizontal, their axes ere fixed at about
1.2 m above the floor., The proton beam is
extrected from the accelerator in short pul-
ses of 100 ns with 0,3 Hz repetition frequ-
ency. The beam intensity is 10" -10# partic-
les per pulse, Therepeutic dose is given in
e fraction of e minute in the case of one-
field irredietion, If the patient is moved
during the irredietions, dose accunmuletion
time is deteriiined by the velocity of the pa-
tient displecenent with respect to the beam
end increesses up to 30 min., Patient positio-
ning lasts from 2-3 to 30 min. In complice-
ted clinicel ceses & special positioning se-
sgion is cerried out one or two desys before
the irradistion.

It is necessery to mention en important
feeture of the work orgenizetion at the ITEP
sccelerator proton beam., Not more then 8% of
perticles is taken from synchrotron orbit
for medicel purnoses and kicked out at the
energry needed for medicel irradiation. The
remaining beem is eccelerated further for
use in physicel experiments. Thus optimel
conditions for clinical work and attendant
dosimetric end radiobiologicel experiments
are created. Such work can be carried out
every day during the whole accelerator work-
ing time not interfering with research in
high energy physics. The accelerator works
during five one-esnd-a-haelf monthes cycles a
veer with four fortnight intervals and one
two-month stop.

Three specislized irradietion devices
(stands) are functioning now in two procedu-
re rooms, The patient is pleced in a lying
position (I'ig.3).
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Tig.3 Virst procedure room equipment
(stend for intrecreniel terget irradiation).
Degrees of freedom for equipment elements
pre shown by errows, 1-rotating table;
2-desk for petient positioning; 3-head sup-
norting vletform with headholder; 4-turning
device; 5S5-collimator; 6,7-side view intro-
scopic centrator (a couple of en X-ray tube
end electrooptical transducer); A,9-frontal
view introscopicel centrator; 10-stereotaxic
pole,
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The possibility of directing the beam
practically from any side of petient's head
is en important feature of the device. The
single shadowing part of rotation mechanism
at the will of the operstor cen be put in &
position, which leaves both sincipitel and
temporal paftu of the scull open for heam
entrance. Such stand trensformation takes
one or two minutes end does not alter other
conditions of the equipment functioning. In
contrast to the stand of the first generati-
on two parts of introscoping centrators (X-
ray tube and electrooptical transduser) are
mensged on the irradiation stend. it icres-
ses cue pelblient w081tlon1nb acourecy enL re-
1iendditr At ortens the totel iivediet

epgion tisies lne Gtend is equipped with
light centrators simulating the proton heenm
and the introscoping centrator axes.

Posgsible stend movements are shown by ar-
rows (see Fig.3). The stend provides roteti-
on of the 1J1n” patient around the verticel
exis end its heead turning eround the horizon-
tal exis (the bhody vertebrel axis). The point

of intersection of the axis (the so called
rotation pole) is fixed in the gpsce bheing
brought in line with the beam axis. The int-
racrenial target to be irradieted is brought
to the same point.

The petient's head is fixed by an indi-
vidual thermoplastic mask stiffly festend to
the heaed supporting platform. The terget is
placed in the rotetion pole by meens of in-
troscoping and light centretors. I'or the pur-
pose, the head supnorting pletform is eble
to move in three mutually perpendiculer di-
rections., Displecement range end discretion
are presented in Table 2,

Table 2

Intracranial irrvadiction stand dispduacemunts

Fom e B e +
| Movement | Kanga | Discretion I
| direction | ' |
e A S g S S S L S S ‘
I ar d» +~ Z | += 706 nm I 0.1 wnm

! br er += X I 4= 70 ma | 0.1 mm

I sy Fo +- Y | 4= 65 mm | @.1 mm

| k around Y |+~ 126 degrows I 1 degrua

I 1 around X | +- 36 dugrees I 1 degree !
e e e T e R e i g

The second procedure room is equipped
with & therapeutic ermcheir intended for ir-
redietion of targets located in thorax, in
head and neck, end in eye tergets. The lay-
out of the stand is presented in 1Mig.4.

Petient fixation in & sitting position,
rotation eround the fixed verticel exis in-
tersecting the beem exis, end linear disple-
cenents in three nutually perpendiculsr di-
rections are provided.

When eye and orbit targets ere irradia-
ted, the head of the sitting patient is fixed
by an individuallyadjusted mask in s speciel
device, In more simple ceses the patient is
fixed without mesk. The device provides the
geme anguler and linear displacement as the
armchair, The possibility of forced turning
of the head around the horizontel sxis in-
tersecting with the beam axis, snd the ver-
tical rotation axis is provided additionsl-
ly. The target to be irrediasted is put to
the point of intersection of the three exis,
The second procedure room is also equiped
with the introscoping centrator end a multi-
beam laser light centrators developed by the
Centrel Design Office of the Academy of Ille-
dical Sciences of the USSR,

Tulg 4

second procedure room equipment
(stand for thorax, neck,head,eye end orbit

target irredietion). Degrees of freedom of
equipment elements are shown by errows.
1-roteting ermcheir; 2,3-collimeator turning
device; 4-collimetor; 5-ceiling beam; 6-eye
and orhit irradietion device; 7T-head support;
8,9,10-introscopic centraetoradjustment and
movement device; 11-introscopic centrator

(a couple of X-rey tube and electroopticel
trensduser).

Possible displecement renge end discre-
tion of the second procedure room equipment
is presented in lable 3.

Tunlde 3
Lisplucemeznts ot the stand tur Lhoroaxr nechs
Eye end OrLaT turygetys arradiation.
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A rediotrestment stend for irradiestion
of terget loceted in urogynecologicel sphere
of lring end stending vetients is now in
Pssenblv in the third »nrocedure room.

Sneﬁhlnw ebout the dose field formetion
it is necessery to note thet protons esre ex-
tracted from the accelersator with several
fixed energy velues. The energy end the cor-
responding renge of the proton bheam are to
be chosen nmore precisely by changlnw the
thickness (not more then 4 g/cm?) of the
degrede loceted before the irradiated object.
Depth dose distribution is formed by & ridge
filter end s bolus compensating surface cur-
vatures at the beem entrence. Dose distribu-
tion formetion in transverse cross-section
is accomplished by a thin scatterer which
improves dose distribution uniformity,end by
collimetors. “The general tendency in forme-
tion system development is not the selection
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of & good enouil: field from =n sveileble dose
Tield set, ms 1t has been up to the »pregent,
but the crestion of individurl dose Tields
for each seprreate clinic case,
Dose distribution and dose

meesuring ere

licated due to Liis srnchrotron besm pul-
se vower., 109 10 sarticles nass througl: the
terget in 100 ns. Thet corresvonds to 17¢ -

108" Gy/s pulse Jose rete, Uonltorlnf of such
beenn by means of ionizetion chembers is 4ifl-
ficult Inductive probes (current itrensfor-
mers) measuvring v Flux ere usedl s noni-
tors in irredistions Spnecinlly iovclooe¢
ionization cuembers zlth sell volnme
serve o denth dose dins yution meesuring
sl Dor reserreil. srrasverse dose distridb
tions =are 1nvest1~8t0u by the photogre
film technique®, In dose distribution inves-—
tlbatlonn nhotoluninescent detectors sre used
es wellY, Adoptetion of & commercirl rutome-
tic system with semiconductor detectors to
high »ulse energy proton beem is nesrly coi-
nleted

Absolute dose celibration is carried out
by the induced sctivity method in 12¢(p,pn)11C
reaction. Informetion is itrensleted from ensa-
logue into digitel form, procesred pnd indi-
crted by systens worning on line with the
conputep,wiren 211 the mentioned dosimetry
methods sre used,

t“he accnrﬁcv of our dosinetric
ments cen be eatirnmted s Tollows:
dose calibrablon end dose delivery
distribution nessuring eccurecy .0

The three »rocedure roong
trolled in & large measure
can nork out some local sub-systems control-
led by conmnuters, Yhree nmicrocomputers
LA/ 60 ere controlling the equipment loceted
in the wrocedure roons 28 well =28 tiie heen
trensport devices. A gub-s;
natient registretion end follow up
h—grsten for wrocessin . dosimetric
informetion use iinicounputers 5.=3. llo-
reatment plenning end o2timizetion system
minicomputer -4, Consolidrtion of lo-
cal control sub-systen in & genersl sutomstic
Nuuteﬂ of the complex will be eccomplished

-

Tl

ressure-
absolute
dose
IS
complex is con-
b computers, One

extracting #nd
tcw

for

within next two or three reors, x_“lm’c will en-—
lerse the nossibilities of olwyeicel end dosi-
metricel investirtions, re well fs Hreclini-
clinicel »rocedure epuvometion, Consi~
innrovemnent of reservetion nossibili-

ghrll be £n es-
the generrl

el
O—C’

tics of ezeh control chen
peeirlly 1mportent resuvlt
sutometion sreter,

In conclusion ruthors

'

express their gre-

1OV 11: y e e

e lseliev, . etoveisre,
: GoVe elterove, .l dnakove, ..Ll.
PTOVE, .veleRuderman, V.G.Ihazanov, E.V,Khme«
lo.sxy,u.v.phuvalov for statisticel dats used
in Trhle of e erticle.
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