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1. Introduction 

Th~ method of the uterus cervix c~ncer treatment with proton-a11d-. ' ' 

gamma irradiation was for t_he first time ~laborated f~r the Institute of 
Theoretical and Experimental Physics (ITEP) in Moscow, applied to 160 
patients from 1970 to 1985 [1-3] ~nd then developed for the Joint Institute 
for Nuclea~ Research (JINR) proton beam at Dubni [4-5]. · 

The proton accelerators of the !TEP and the JINR are very different 
both in design and in charaderistics of' the proton beams. The purpose 

j • ' • • . 

of treating the uterus cervix cancer on a medical beam at the JINR was 
to reproduce the pre-operative and radical proton~and-gamma treatment 
methods worked out at the Cancer Research Center of the Russian Academy 
of Medical Science (CRC of RAMS) in Moscow and the !TEP. For this it 
was necessary to modify and adapt the medico-technical construction; and 
the methods_ of the radiotherapy itself to the proton beam char_acteristics 
arid to the.patient irradiation conditions at the medical proton beam of the 
JINR_ pha;otron. , • · · · . · . ,. · · 

Our tas_k ~as to apply two methods of proton-a11d~gamma treatment of 
the uterus cervix, cancer, 'to study and evaluate the radiologic~l reactions 
and clinical results in comparison with those as at the !TEP .. 

At the first step· of investigations in Dubna we reproduced the method of 
the pre-operative proton-and-gamma irradiation of the uterus cervix· cancer 
Stage IB. The protocol ·of "Pre-operative proton-~nd-gamma treatment of 
the uterus cervix cancer" has been activated since 1987. . . 

At the second step we went on to the radical (without s~rgery) proton
and-gamma radiation treatment of the uterus cervix cancer Stages IB, 

' ' ' ,/ ,·, ' ,· ' 

IIAB, IIIB, according to the protocol "Radical proton-and-gamma, thear-
apy of the uterus cervix cancer". A uniform TNM classification system 
of UICC (Internation Union Against Cancer), accepted by FIGO (Interna
tional Federation of Gynaecology and Obstetrics) was used for all pati;nts. 



2. The technique of patient treatment at the JINR medical 
proton beam 

The method of the proton-and-gamma irradiation of patients with cervi
cal cancer consisted of the transvaginal proton irradiation of primary lesion 
(uterus) and external gamma-irradiation of the regional lymph nodes. The 
transvaginal proton irradiation was perf~rmed in treatme~1t _room N?.2 of 
the clinical-physical facility with a modified horizontal 130-160 MeV pros 
ton bealll. 'fhe beam ,of this energy is produced after deceleration of the 
660 MeV proton beam from "the JINR phasotron in a carbon degrader. 

For transvaginal proton irradiation of the cervical cancer we use ~- set 
ofcylind;ical vaginal tube collimators (1, Fig.I; 1, Fig.2) with conical (2, 
Fig.I; 2, Fig.2) or cylindricar (3, Fig.2) plexiglass heads. A central probe 
( 4, Fig 1; 4, Fig 2) is inserted into the· cervical canal and uterus cavity. The 
probe, which is a 4 mm in diameter steel bulb-end rod, was introduced 

· into a uterus without dilatation of the cer~ical canal. These ·vaginal tube 
collimators and th.e central probe are ~mployed t.o fix the· target volume 
( cervix and corpus uteri) with respect to the protor. beam m~.is. (P, Fig.1 ). 

Fig.I. Schematic representation of the servical cancer proton 
treatment. 

1 - vaginal tube-collimator; 
2 - conical plexigla~s head; 
3 - general 2ollimator with ridge filter; 
4 - central 'probe; 
5 - uterus; 
6 - vaginal. walls; 
P - proton beam. 
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The depth-dose distribution is formed with the aid of a general collima
tor with a ridge filter (3, Fig.I) calculated for the nonmonoenergetic proton 
beam [6]. The ridge filter transforms the ,Bragg peak to the depth-dose dis
tribution with a flat top and steep back slope. Extension of the flat top of 
the depth-dose distribution is about 8 g/cm2• 

The ridge filter is a strong scatterer, so for trans"'.aginal proton irradia-· 
tion of the cervical cancer we use a ~et of cylindrical vagi11al-tube collima
tors(l, Fig.l; 1, Fig.2); defined.the dose field by sides: 

The cylindrical and.conical heads of diff~rent thick~ess are intended for 
treatment depth regulation. The conical heads; also, make it possible to 
irradiate the upper ~art of the vagin'a. , , · 

Examples of isod.ose distributions wit~ ,cylindrical and .conical heads 
measured with a small silicon detector in a water phantom are presented 
in Fig. 3a,b. Each line indicates the isodose level with 'a:n.interv~l of 20% 

' . ' ' 

of the maximal dose. · 
The proton dose field has a cylindrical form,,the diameter.of which is 

found.for .individual patient's need. For thiltechniqutthe diameter of 
the tube-collimator is taken within. 30-50 mm , so that 50% isodose curve 
crosses point A. The proton beam range is such that 20% isodose level of 
the dose field includes fundus uteri. This dose distribution excludes the 
irradiation of critical organs (bladder and rectum), Fig. 3,~-

For absorbed dose rate ·measurements we use a · clinical dosime
ter KD-27012 with thimble ionization chambers VAK-251 and VAK-253. 
The dosimeter was calibrated with a 6°Co source of the the~apeutic ,-unit 
placed in on~ of the rooms of our dinical-physical facility, and also used 
for patient treatment. The 6°Co source was calibrated against the primary 
standar~ cif.the Czech Republic placed in the'J:>rague Institute of Radia
tion Dosimetry. The accuracy <>f the gamma-unit calibration is 1.3% _(one 
standard deviation) [7]. . . 

Using the gamma-unit as a calibrated stand for ionization chambers of 
our clinical dosimeters was described in [8,9] and practically coincided with 
recommendations of the "Code of Practice for Clinical Proton Dosimetry" 
elaborated by the ECHED ( European -Clinical Heavy Particles Dosimetry) 
working group [10]. 

The full error of the JINR phasotron proton beam dosimetry is about 
5%. This accuracy meets the international requirements for the therapeutic 
proton beams. 
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Fig.2. The collection of vaginal tube-collimators with heads. 
1 - vaginal tnhP-collirnafors; 2 - conical neads; 
3 -· cilin<lrical heads; 4 - central probe. 
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Fig.3. Proton dose distributions with: 

a) - cilindrical lwad (frontal projPction): 
b) · conical lwad (frontal projPction): 
c) ·· conical hPad (sagittal projPct.ion ). 
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3. The method of pre-operative proton-and-gamma 
treatment of the uterus cervix cancer 

From Novembe;)987 to December 1988 six patients \Vere treated. The 
age of patients: ,;as fi-om 30 to 50 years. All patients ha·d the clinical Stage 
IB uterus"cervhCcancer. '. 

Th~ metho~i::'c>f the' pre-operative proton-and-gamma ti:eatme~1t of the 
uterus ce;yix c~nce~· includes transvaginal proton irradiation of the uterus 
and external ;:..'.fr.radiatic;n of the regional lymphatic ni>des followed by the 
surgical treatrri~rit: · :~adi-~al hysterectomy with lymphailenectomy. 

We norma~lj us~_d 3 fr_~ctions (treatment sessions) c'if proton irradiation 
with the followjng fractibnation: 1() Gy tumour dose at 50% isodose level 
(point A) a w~ek, the total dose at point A was 30 Gy. The diameter 
and depth of the"ddse field were chosen individually fc;r each patient. The 

~ \. .. - •. ' ' ' ' ' 

target dose in the :maximum of the dose distributic>n • (in the tumour 
centre) was 20 Gy for each fraction. • T_he dose rate of the proton beam 
in the maximum of the dose field w~s ~bout 2 - 5 Gy /min and the proton 
irradiation procedure ,was as long; as 5 - 10 minutes. 

At the same· tiine : .regicmal lymphatic,
5
nodes were irradiated at the 

6°Co -y-unit RciCUS-M, for 3 we:~ks. \vith,th~ following fractionation: 
2 Gy at 100 % isodose level (Iioint'B),. five times weekly. The method 
of the external -y-'-frradiation is·~ota.ticm v\rithin 4 sectors of 60° each. The 
dose field sizy was limited fr~;m ( 4cm'h4~~) tij (1cm*16cmf Usually 20-40 
o/i, isodose level of theextern_al 1-irra:diation ·passes through point A. The 
example of the dosedlstribtition',is shown;it1 Fig.4,a. 

The total dose of proton-and-gamma '.irradiation delivered to point A 
was 36-42 Gy. The total dc>se of the ~xtemcil -y-irradiation a~plicid fo point 
B was 30 Gy. Bladder and rectum received about 6-12 Gy from external 
gamma-irradiation ( at 20-40% isodo~e level). 

Radical hysterectomy with lympha.<lenedomy was undertaken three weeks 
after the end of the radiation therapy at the Surgery Department of the 
Cancer Research Center in Moscow. 

The full course of the trarnwaginal proton treatment was carried out for 
3 patients, the oth·~r 3 patierit's had F-2 ha.risvaginal' pr~>ton irradiations 
and additional exterria.l -y-irradiation <>f the ;whole pelvis. The total dose at 
point A was 30 Gy ( after proton~and0 gamma irradiation). All patients had 
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rotation within 4 sectors of 60°. 

b) 

rotation within 2 sectors of 180° .. 

Fig.4. Dose distributions for external -y-irradiation of: 
a) - the regional lymphatic nodes; 

b) - the whole pelvis. 
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negative nodes at the operation. No any postradiation reactions to critical 
organs (bladder and rectum) were observed in all patients. The threshold 
of erythema and definite vagi:nal and ce'rvical mucositis was found. 

All patients were followed up over 5 years. One patient died because 
of the vaginal rr,ietastases outside the treatment. region (in the lower part 
of the vagina); the other 5 (83%) are alive without recurrences, metastases 
and complications. These results are in good agreement with the analogous 
results obtained at the ITEP [3]. and have become the basis for beginning 
of the radical (without surg~;y) ,proton-and'-ga~ma treat~ent. 

' I • 

4. The method of radical proton-and-ga~ma treatment of the 
uterus cervix cancer ,. 

From 1990 to 1994, 22 patient~ were treated by the. radical radiation 
method: transvaginal proton irradiation was used with external, -therapy. 

Three others received palliative radiation treatment and were excluded from 
the latest analysis. 

The age of the patients and tumour characteristics are shown in Table 
1. The mean age of patients was 60-69 years, ranging from 50 to 79 years. 
Patients had the clinical Stage IB, IIA,B, IIIB of the uterus cervix cancer. 
Most patients had' cervical Cance~ Stage IL , 

The radical proton-and-gamma treatment of the uterus cervix cancer 
consists of two phases.

1 

In the fir~t phas~ the e"xternal ,-irradiation of the 
whole pelvis (the primary lesion' and 'the zo~e of the regional lymphatic 

. nodes) was performed by the biaxial bisecto~al 180° rntation techr{ique. The 
example of such summarized dose distribution is sh~wn in Fig.4,b. Isodose 
curves from 20% to 80 % pass th~ough thJ bladder a~d rectum. The total 
dose of 20 Gy (at 100 % isodosf! level) was delivered to points A ai1d B 
with the following fracti~nation: 2 Gy tumo.ur dose daily, 5 times a week, 
overall time 2 weeks. 

In the second phase of the radical radiation treatment, the transvaginal 
proton irradiation was performed. It was done by the same ·manner as for 
the pre-operative approach, but the total. treatment dose was increased. 
Four proton fractions (two of them included the upper part of the vagina) 
were given. The total dose of 40 Gy of the proton irradiation was delivered 
to point A. No dose recieved by the rectum and the bladder (Fig. 3,c). 

8 

·. Table 1. The age of the patients treated with a radical 
method and tumour characteristics 

Age Number 
·or of Stage I Stage II Stage III 

pati- pati-
ents ents 

50-59 years 6 - ' :i 5 1 

60-69 year's 12 4 ; 7 ;, 1 
70-79 years

1 
· 4 2 1 '1 

Total 22 6 13 3 

. Table 2. The results of radical proton and 
-y-treatment of the uterus cer':'ix cancer 
for patients followed up over 3 years 

Stage 

ru I 
. 

\\ T6tal \ 

Number 
of pati-
. ents 

5 
4 
3 

12 

Are 
living 

over 3 year 

5 
3 

2 

10 

9 

Death Death 
from from other 

tumour reasons 

1. 
1 

1 I l 

I: 



At the ·::;ame time the external 7-irradiation of the lymphatic nodes was 
done by the rotation technique within 4 sectors of 600 _each. T.he irradiation 
was continued for 3-4 weeks. The total dose of 3()-40 Gy to point B 'was 
given. Point A received from 6 to 16 Gy. 

After two phases of the proton-and-gamma irradiation the total dose of 
66-76 Gy to point ~ and 50-60 Gy to point B were applied. The dose to 
the critical organs (bladder and rectum) was delivered only from external 
7-irradiation. These, organs received less than 18-34 Gy. 

1 

All patients achieved a cqmplete local response just after radiation treat
ment, or one month after. Threshold erythema and definite vaginal and 
cervical mucositis were found during tl~e nidiother~py, definite mucositis 
with rarely patchy - at the end, or just after radiotherapy. Cytological 
cancer control of cervical smears was negative with follow-up times. Slight 

· intestinal disorders at the patients with .. chronical, intestinal diseases were 
ocasional and transient. _and depended only on the external 7-irradiation. 

For 12 of 22 patients the follow-up is extended to over 3 years (Ta.hit, 
2), 2 of them died. The death of the first patient, 78 years old with Stage 
IIIAB, at the end of the second year after treatment was caused by cerebral 
thrombosis. The death of the second patient, 58 years old with Stage IIAB, 
was caused by the recurrence of _the tumour. The others 83% are living 
without postradiation complications to the critical organs and without re
currences and metastases. 

5. Conclusions 

l. The clinical probati~n of the set-up for treatment of gynaecological 
tumours with the JINR proton beam has been dc;n~. 

2. The proton irradiation technique shows advantages over other meth
ods of the intracavitary radiation therapy, as it exchides cervical canal 
dilatation and reduces the treatment time (5-10 minutes insteacl of 
hours). 

3. The most important advantage of the proton beam treatment is avoid
ing postradiation reactions and complications to the critical organs 
(bladder and rectum ), thus in the future the planned maximal total 
tumour dose may be increased. · 

10 

.. 

4. Up to now 31 patients with the uterus cervix cancer have been treated 
at the .JINR phasotron. 

G of them had the protou-arnl-gamma treatment romhined with the 
surgical ·opPration. The survival rate ;iver 5 years was 83%. 

22 patie;1ts received the radical protm1-aud-gamma treatment (with
out surgery). The survival rate over 3 years for 12 first patients was 
83%. 

Other 3 patients got palliative radiotreatment. 

112 proton treatmPnt sc>ssious were pPrformed. The clinical results 
are iu good agreement with theyrecediug results c~f the ITEP g~oup. 

• • I • 

5. Worked out. by the CRC. the ITEP and the .JINR. the proton~and
gamma methods for. treatment of the uterus cervix cancer may be 
regarded as universal enough. After insignificant technical correction 
connected with characteristics of the present proton accelerator and 
medico-technical facility of the treatment room, our method may he 
adapted for proton irradiation of the uterus cervix cancer at dissimilar 
proton beams both·in Russia and in abroad. 
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ACTpaxaH B.B. 11 JIP· 
Jleqem1e pruca mefum MaTKH Ha M~)l~HHCKOM npo~HH0M nyqi<e qJaJOTpoHa Ollilli 

ElS-95-99 

MeT0)lbl coqeTaHHOI'O p-y JieqeHHll paKa meil:KH MaTKH 6b!JIH pa3pa60TaHbl unepBble B liT3<P 
(MOCKBa), uocnp0H3Be,lleHbl H ycouepmeHCTB0BaHbl Ha Me,IIH~HHCKOM -np0T0HH0M -nyqKe .JlllII 
Ollilli (.Uy6Ha). Pe3yJihTaTbl KJIHHJiqecKOI'O npHMeHeHHll MeT0,110B JieqeHHll paKa weil:KH MaTKH 
ITO,IITBep~HJIH npeHMy~eCTB0 JIYqeuoro JieqeHHll npOTOHHblM nyqKOM. Ha1160Jiee uaX<HblM npeHMY
~eCTBOM llBJllleTCll OTcyTCTBHe ·ITOCJieJIYqCBbIX peaK~HK H OCJIOX<HeHHH B KpHTHqCCKHX OpraHax 
(MO'leBOH riy3blpb H npllMall KHlilKa). . - . . . -

K HaCT0ll~eMY upeMeHH Ha ¢a30TPOHe -Ollilli nponei\eHO Jieqef!He paKa meil:KH MaTKH 
y 31 60JibHOH. lf3 HHX 6 60JibHblM npoue,11eHO KOM6HHHpOBaHiIOe Jieqeime (p-y 06JIYqeHHe 
11 x11pypmqecKoe J1eqeH11e); 22 6oJihHhIX 'noJIYqHJIH pa,1111KaJILHoe coqeTaHHoe p-y J1eqeH11e u ,ca
MOCTOllTeJihHOM uap11aHTe 11 oCTaJihHhIM 3 60JihHhIM 6b!JI npHMeHeH naJIJIHaTHBHbIH MeTo,11 JIY'leuoro 
JieqeHHll paKa-weil:KH MaTKH. KJIHHHqeCKH,e pe3YJibTaTbl p-y JieqeHHll paKa meHKH MaTKH xopomo 

· COrJiacyIOTCll C pe3yJihTaTaMH TaKOI'O )Ke JI~qeHHll, npoue,11eHHOI'O B lfT3<1>. BOJibHbJe, ITOJIYqHBlilHe 
.P-r JieqeHHe paKa weil:KH MaT.l(H, X<HBbl 6e3 pe~HJIHBOB, MeTaCTa30B 11 JIYqeBblX OCJIOX<Hei:i°Hil: 
u 83% CJiyqaeu: 

Pa6orn BblITOJIHeHa· u Jla6opaTOpHH ll,llepHblX npofoieM Ollilll; 

Coo6~eHHe Om.e,1111HeHHOI'O HHCTHTYTa ll,llepHblX HCCJieilo~llHHH • .D:y6Ha, 1995 
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Astrakhan B.V. et al., 
Treatment of the Uterus Cervix Cancer with the JINR Phasotron Proton Beam 

The methods of the ute~s cervix cancer proto~-and-gamma treatiiientfor the first time were 
elaborated in the CRC RAMS and ITEP in Moscow and then developed for the JINR proton beam 
in Dubna. The resul~ of the clinical probation of the methods for the uterus cervix cancer treatment 

. have confirmed the advantage of the proton irradiation.The most importanradvantage of the proton 
beam treatment is absence of postradiatfon reactions and complications in the critical organs(bladder 
and rectum). · , ' · · - · '' · · · 
1 Up to now 31 patients· with the uterus cervix cancer have been tre~ted at the JINR phasotron; 
6 of them had proton-and-gamma treatment combined with su·rgical operation and 22 patients 
received a radical proton-and-gamma treatment (without surgery). The --Clinicai results are in good 
agreement. with the preceding results of the ITEP group. After. receiving protop-and-gamma 

· radiotherapy of the uterus cervix, 83 % of the. patients are alive without recurrences, metastases 
and complica·tions. , -· · · · · · ·, , · · 

The.investigation has been perform~d at the Laboratory of Nuclear Problems, JINR. 
, ' ' ,, l , , 

· : 1 Comrriunic~tion' of t~eJoi~ilrts;itutefor Nuclea~ Res~ar~h: D.ubna, i 995 . ' ' - . . . . . . 


