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SWl!Ple.ry. Since 1969 a number of l;Ioscow 
medical centers hes carried out proton r adi
ation therapy of pa tients with different t y
pes of desesses by IT~P s ynchrotron proton 
be rln with the enerey up t o 200 jJeV. These 
irradi a tions enploying B s pecially extracted 
proton beam are use d in routine practice end 
are mede i n parallel with physica l research 
program . Two e ddi tione l cha.nnels e.s well as 
two new procedure r ooms have been operated 
since 1902. A special set-up of equi pment , 
inc luding clinical do s i metry devices, pa tient 
irr adia tion equipment (four specia l units) 
and computer-controll e d s y stems ere now ins
talle d at the facility. By present , mo re t hen 
15 00 pFtients have been irradie. t e (l . '.'-'his re
port presents B description of physiCAl and 
dosimetry e quipment end techni ques of irrpdi
ations. A sUDlmer y tabl e c ont"ininc; '.l e,te abou t 
pa tients Rnd clinical results is also presen
ted . 

Radiation therapy by proton beam or other 
Heavy Charged Particle s (HCP) is carried out 
or is plB.nned to be started in next future at 
about 1 0 centres in the world. Three of t hem 
are loca ted in th~Sovie~ Union, nHmely in Dubna 1 , 
I:Ioscow and Leningrad • 

More the.n 6000 pe.tients with different 
disease s have been treated by HCP beams in 
the Vlorl d. At the end of the sixties, when 
this wo rk was started in the usr.m , forei gn 
scienties t had nc curml a te d certBin ex'c) erien
ce in i rradi at i on of s~all intracrani~l stru
ctures. Irradi a tion of neVi growths localize d 
in other part> of hLunan bod;;r hBd been carried 
out in sme.ll number of CBses. 

}rrom the very beginning s oviet clinicists 
considered orot on b eams as a means of irradi
ation of ne\'l growths and structures havihg 
diff erent di mensions and IQcalized in diffe
rent parts of hurn8.n body3, 4. This conseption 
defines the development of clinical work at 
the 70-2 00 UeV proton bea m of I 'i'LP synchro
tron f or about twenty years . Pr o t on irredia
tions are carried here by a m.unb er of I'.loscow 
leading c l i nical centres~5. Pr om 1969 t o 1986 
127 0 patients received about 1500 proton'tre
a t ment courses (see Table 1 ). At t h e s erne ti
me techni ques employe d f or irradiation of 
te.rgets havin[S di fferent sha.pes, volUIlle Bnd 
localization, as well as t he equipment f or 

* All-Uni on Onco l ogic al Scientific Centre of 
the Academy of I!ledice.l Science (AI:IS ) of the 
USSH; IIelmhol tz Scienti f ic l{ ese erch Ins titut e 
for l~ye Jl iseEcses ( LIinistry of Public Health 
(L;:PH) of the RSI,'SH ); Bourdenko Scientific 
}l.esearch Institute fo r Neurosur ge r y (A;;S of 
the USSR) ; Scientific Research Institute f or 
Endo crinology and Ho rmone Chemistr:r (Al:IS of 
U~3SR); Scientif ic Ees ec,r ch L,:::;'::i':; ,<~:e :i: or LJ ro
loCY UPH of the ~{;jL,;~') . 

(lo)se :fiel ,', f or :,L 1L: 8nd dose fiel d i:leasurLl,j; , 
the stands for patient pOSitioning and shif
ting durin:':: irra dia -':Ll:'. [:;,~ lor c:l ec ' : ~ ., . ,' ":. 
c:)jl'~:,' ol hf've been developed and improved. At 
first the wor}~ was curried out in one proce
dure room equipped with devices for intracra
nial tl",r gets end eye tumours irradiation 
(first device ), e.nd for urogi necoloci ce.l tL, 
m01'1'8 irredietion (second device). 
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1-slceleton tp:w urs irrHdi 8.tion; 2- s exue.l 
sDhere ttmo urs irradi et i on ; 3- irradia.tion 
of gland with dishe.r mone l ma.lignant tumours; 
4- combinative ( p+e;al11!l1a) irre,dintion of pi
tuitary g18nd and. metastases of mamme.ry 
gland cancer; 5- skin melanoma and metastHses; 
6- mel i cnant tumours of eye; 7- pituitary 
gland edenome; 8- i ntracr ani al bl ood ve sse l 
ma lfor mat i on; 9- t otel number of patients. 

In order k ste1't l!.eVI redi 'l tre8.t nent t e
chni ques and to increc8c t el l? _, r ,j(:!. llctivi t :' of 
the fecility (l1u:.J.b er of radi ation s essions 
per day) additional pro ce dur e rooms we re re
quired t o i nstall new specialized equipment. 
Erection of the building with three pr ocedure 
r omms (Pi G. 1 ) was completed at 198;) . 

I rradie.tions in t he pr ocedure r ooms are 
ca,rried ou t by turns . 1'he bee.Tn with the ener-
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:V' i e; .1 }'l an of the cOJ:1plex with three pro
cedure r ooms. 't'l/i- bendi nc; magnets; PH.-proce
dure r ooms; CR-control ro oms ; PP- patien t 
pre paring r ooms. 

gy pr oper for irradiation se ssion c onsidered 
is kicked out from the accelerator or bit an<l 
tra.nsported through the vecuum ion quide t o 
one of t he pr ocedure r ooms (li' i g .2). 

1? 
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Fi g . 2 lJiagr am of pr o t cJll beam tre.nsporting 
channels. KS -kiclcer sections; DM-deflecting 
J:1agne ts; :rl\'[-bending magnets; C-magne tic cor
rect ,)rs; L-qu8.drupole lense s; :.Pl{- i)l'ocedure 
r oans . 

The ]) e p-m in all the nr ocedure ro oms are 
horizontal, t heir axes a~e fixed at about 
1. :') m above t h e floor. The proton be am i s 
extra cted from the accelerator in short pul
ses of 100 ns with 0 .3 Hz repetition frequ
ency . '(he beam intensity is 10 '0 -1 0 U partic
les per pulse . 1herapeutic dose is given in 
s fraction of P. minute in the c as e of one 
field irradiat i on. If the patient is moved 
during t he irradiations , do se accumulation 
time is det€~Jined by t he velocity of t he pa
tient disple.cenent with respect to the beam 
Rnd incres.ses up t o 30 min. Patient po si tio
ning lasts f r om 2-3 t o 30 min. In c omplica
t ed clinical cases a special positioning se
ssion is carried out one or two days before 
t he irradiat ion. 

It is necessary t o mention an i mportant 
feature of t he wo r k or ganiza tion at t he I ~EP 
a.ccelerator proton b eem. Not more then 8% of 
particles is taken from synchrotron orbit 
f or me dical purposes and kicked out 8. t the 
enere:' n eeded fo r medic a l irradiati on. ~L'he 
r e::la i ni ng beam is accelerated f urther f or 
use in physical exper i ments. Thus optimal 
conditions f or clinica l wo r k and at tendan t 
dosimetric and radiobiological experiment s 
are created. Such work c an be carr ied out 
every day during the who le accelerator wo r k
i ng time not interfering with research in 
hi gh energy physics. 'rhe accelerator works 
during five one-and-a-half monthes cycles ~ 
yee.r with four f ortnight intervals and one 
t wo ·-.l7lonth ston . 

Thr~e spe~ielized irradiation devices 
(stAnds) are functioning now in t wo pr ocedu
re rooms. 'Che patient is pl a ced in a l ying 
p osition (Fi g . )) . 

Fi g . ] Pirst procedure r oom e qui pment 
(stand for intracranie l targe t irradia tion) . 
Degrees of freedom f or e quipment elements 
I'l re shoVin b: ' arrows . 1--r otating tab le; 
2-de sk for ]!e.tien t po sitioning; 3- head sup
[lOrting plntform with headholder; 4-turning 
device; 5-cnllimator; 6,7-side view intro
sco pic centre t or (a couple of an X-ray tube 
pnd electrooptical transducer ) ; R, 9-fronta l 
view i n troscopical centr a t or; 10-stereotaxic 
pole. 
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The possibility of directing the beam 
practically from any side of patient's head 
is en important feature of the device. The 
single shadowing part of rotation mechanism 
at the will of the operator can be put in a 
position, which leave s both sincipital and 
temporal parts of the scull open f or beam 
entrance. Such stand transformation takes 
one or t wo minutes and does not alter other 
conditions of the equipment functioning. In 
contrast to the stand of the first generati
on two parts of introscoping centra tors (X
ray tube and electrooptical transduser) are 
managed on the irradiation stand. I t L cC l ' 88-
s e G ·t:"e 1,8 tic ;.: t 110si tioning acc uracy nnd re
lir:J ili t : '" f',:J."1. ;C:: ~,~O ~+.'1· ;.- ejJ_s -~· l l e to ·crl :L ~.' ~( p ·~ ~ i[-' ·:: .l ~' _;-. 

s 'C·ccioH ·'· i:, ~e. '.t'he stend is equipped with 
light centra tors simulating t he proton beam 
and the introscoping centra tor axes. 

Possible stand movements are sho\'m by !lr
rows (see Fi g .3 ) . The stand provides r otpti 
on of the l ying patient around t,le ver t ical 
a::i s 1'.11(1 i ts ~lead turnine; e.round the horiz on
tel axis (the l.l o ll y vert ei)l' e.l tt:::i Sj . 'd18 V: i ·· t 
of intersec t i on of the axis (the so called 
rota tion pole) is fixed j.n the space being 
brought in line with the beam axis. The int
racrania l target to be irradiated is brought 
to the same point. 

The patient's head is fixed by an indi
vidual thermoplastic mask stiffly fastend to 
the heed supporting platform. The tare;et is 
placed in the r otation pole by means of in
troscoping and light centre. tors • POI' the pur
pose, the head sup~orting platform is able 
to move in three mutually perpendiculer di
rections. Displacement range e.nd discretion 
are presenten. in 'rable 2. 
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The second procedure room is equipped 
,'!i th a therapeutic a.rmchs.ir intended for ir
rgdiation of ts.r gets located in thorax, in 
head and neck, and in eye targets. The le.y
out of the stand is presented in Pi g .4. 

Pe.tient fix€!.tion in a sitting position, 
rotation around the fixed vertical axis in
tersec ting the beem axis, and linee>.r displEl
ce '·lents in three G1utually perpendiculHr di
rections Rre provided. 

'.~'hen eye and orbit targets are irradia
ted, the head of the sitting ps.tient is fixed 
by an individually adjusted mask in a special 
device. In more simple cases the patient is 
fixed without mask. The device provides the 
same angular and linear displacement as the 
armchair. The possibility of forced turning 
of the head around the horizontal a.xis in
tersecting with the beam e.xis, end the ver
tical rotation axis is provided additione.l
lYe The target to be irradiated is put to 
the point of intersection of the three a.xis. 
The second procedure room is also equiped 
wi th the introscoping centrator s.nd a mul ti
beam laser light centrators developed by the 
Centre>.l Design Office of the Academy of Lie
dical Sciences of the USSR . 

J" i g .4 ~:3 econd procedure r oom equipment 
(stand for thorax, neck,head,eye Bnd orbit 
target irr e.dietion). Degrees of freedom of 
equipmen t elements are shown by arrows. 
1-roteting F'rG1chcir; 2,3-collimetor turning 
device; 4-collimator; 5-ceiling beam; 6-eye 
Bnd orbit irradiation device; 7-head support; 
8 ,9,1 0- introsc opic cen tratoradjustment and 
movement device; 11-introscopic centrator 
(a couple of X-re.y tube and electroopticel 
transduser). 

Poss ible displl'.ceT!'ent renge e.nd discre
tion of the second pr ocedure ro om equipment 
is presented in Table 3. 

{ (Ii ,ll! 

lti ~:>I,dl"I::f(, . .;'nt.", ul" tt .. : ",1.111111 1 UI' tl.(J IU I( , tll: ... kr 

(;'jl: en d U I ' UJt t,UI Yl:t,~, 11 ' 1 n dJullUII. 

;i;, ". ,. lI:l! (.t h:,.,iVo:! 

(j II' o..;'C lIon 

e + )( 
9 't. ~ 

f + 'J 
~ UI" oUl1d ~ 

b Ul ' OUfld ~ 

a ; x 

" ; , 
c. 't lj 

t. urOufllj ~ 

I 1 0" ~p'lid 

of ~'() YT"o Li 
I ...':"j~ mlo1 

of 0"'10 mr ... 

.. H:J\:) UrucJ 

\? J "HI. 

t). J 111M 

0. J I"'" 
j O '''in 
J", mIll 
IIJ.~ milt 

0 . 5 nl(ll 

J.\:) "'''' 
1 ~rurJ 

i\. rr.diotree.tment stAnd for irradiation 
of t~rGet locate d in urogynecologicel s 9here 
of l :'i ng End stending pe. tients is noV! in 
8ssembly in the t hird procedure room. 

Speaking about t he dose field for~Btion 
it is necessery to note that protons are ex
tr8cted f rom the Bccelerator with several 
fixed energy values. The energy Bnd the cor
responding rBnge of t he proton beam 8.re to 
be chosen more precisely by changing the 
thickness (not more than 4 g/cm2 ) of the 
degrade located before the irradiated object. 
Depth dose distribution is formed by a ridge 
fil. tel' and e. bolus compensat ing surface cur
vatures B.t the beam entrance. Dose distribu
tion forme.tion in transverse cross-section 
is accomplished bya thin scatterer which 
improves dose ·distribution uniformity ,and by 
collir.la tors. 'i'he general tendency in forma
tion s ystem development is not the selection 
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of 8 r;oorl enoL,,)~ field from rn pVfli18~}le dose 
~ielQ-sct, ~s it has been up to the ~)resent, 
~ut the crertion of individurl dose fields 
for eRch seprrBte clinic cnse. 

00se di~tribution pnd dose ~e8surinc pre 
cOJ;ulicoted lIne to ;li!~ll S-'Llchrotron bep.m Dul
se ··:)oner. 10 10 _1,,1 )r~ticles1eBs tllrow:,~i- the 
tnrcet in 1 ,Xl nsc ~lh[,t correS?OndB to 1)' -
10~ Gy/s pulse dose rate. ;~nitoring of such 
been by Elep.ns of ionizetion C~W.r!bers is dif
ficul t. Imluctive probes (current trpnsfor
ners) ,;ef'.lJlcrin[:: :1rotgn flux rTe use': PS ::lOni
tors in irr~li[tion8 • Jpecial1y dcvelopel 
iOJ1iz8.tion C~1F'.!~'.ber8 ';Jit~l 8L<~p,1J V011 1.'-1_C' r~----," rr:p:9 
r.:;Cl'"'V8 _.'OJ.-' clc.~.\th ;~1n8c '~lii:-:~l"'if~ntion . :cf1suril1:-_~ 
cnJ ior :-'csecrc~l{. _J"·T"';.18vcrs8 (lose ,clistx'i1Hl
tiOW3 pre investic;etcd b~! the photor;n'l)'lic 
filL" tec:miaue3 • In dose ciistrilmtion Lwes
tigations o~otolwlinescent detectors pre used 
fS -\·lCll~J. Adoptrtion of p. commercipl putOl11A
tic syste':l with seJ.liconluctor detectors to 
hiCll:)ulse ener,;;r proton berm is nef1rly CO;,l-
1'lete,110 • 

Absolute dose cf11ibration is CArried out 
by the iJlduced 8ctivit~· ::Jethod in 12C(p,pn)11C 
ree-ction. Informrtion i8 trrnslrted fron pnl'1-
l.ogue into (11;;i t8.1 i'orr,j, procesf.ecl rnel incli
crted by s::"ste:ls l,']or::in.'; on line Vii t;l t:le 
C011;Jll. tel", ':1:19:1 r 11 tlle :.:e:1 tioned dosine try 
,;]etllods eTe usecl. 

"':'110 rccl1r"'c7 of our dosinetric L:epsure
Llents CF).l :Je e:;tir,e.ced e.s followD: 8bsolute 
dose caliiJration"nd close deliver'," ':-fi,j, dose 
distribution L1e~snrinc rccurpc~(·)o. rs=- 1. rill.:. 

'1'l1e three )rocednre roons complex is con
trolled in ['. l!'T<,c;e mer sure b:' cO;:1Duter3. One 
cen ::or:·= out SO;:18 local sub-syste~ls control
leel by COf.'l)uters. ~'hree r:licrocon~)utE:'rs 
:J1A/60 are controlling the eq~ipnent locpted 

in the :)l'oceJure roorls 23 11]ell "'S t;le iJeFrJ 
extrnctinc: (·n:1 tr211S 1)Ort clevices.'~ sub-s','s
tem for ~~tient reci~trrtion and follow u~ 
f1: 11 r. SU~J-E<-Gtel~l for :)l"oce '":,sin. dosi'":~ctric 
f'ilL~ inforl~lr,tion use ~iinicOl1plJ."ters :':';,,"-3. _i-~r
diotreo. tmcnt plr'nnint: nnd 0 Jtinize '::ion syster.l 
uses 'linico':l:)I\'l;er :-11-. Consoliclction of 10-
cnl control ~ub-s,;rstejJ in e. cenerol "'utor:1P tic 
i):'ste: 1. of the co,]])le:: ':Iill ;1e r.ccol·lplis"led 
1,','i thin ne::t t170 or three :'err:o. ,.:;12. t ':lil1 en
lEree tlce:Jos:;ibilities of 01i1;)-2icr'1 pn:l closi
i'~ctTicrJ __ :.Jlvesti, __ :.-tions, ;2 ',~leJ.~;_ PF; -_Jreclini
c~.l pn,l clinic.clcoce:lure PU·COi:lrtion. Consi
,le1'.')le ir~:)1'(lvel ,ellt of reservrtioll JOSGibili--
ttcs c~-- ell cO"i_trol cllr leI S~lrl1 be ~n es-
~,ccif'J.l:! i:!)ortrmt rCGlJl t 0:: the cenerrl 
putoI;le.tion s"ste:::. 

In conclusinn put:10T'P ez:rres~, their ;~:r~-
ti t, J: ~: ...... ,~i_C_,_;- ,_0 '. ~:,ov-:.inr, ".). 

1'- __ -.:J'_ , '. Q:~isel(..v', .~,_i::c~-)f'tovs~~r<·p, 
/.~I\QLr,"·"T1S~=::, G.V. ~~=ET'OVf>, - .i.-·2.n[11~ovp, . • 1. 

,'l'OV;-C., H.i.Ruderman, V.G.IChezanov, E.V.Khme 
lcvslcy,"~.v •. jlluvalov for stntisticpl datI';, used 
in 'l'r- ,1e 1 0:::' ~:".E: ertic1e. 
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