


1. Introduction

The method of the uterus cervix cancer treatment w1th proton and—
gamma irradiation was for the first t1me elaborated for the Institute of
‘ Theoretical and Expenmental Phys1cs (ITEP) in Moscow apphed to 160

patients from 1970 to 1985 [1-3] and then developed for the Jomt Institute
for Nuclear Research (J INR) proton beam at Dubna [4-5]. .
" The proton accelerators of the ITEP and the JINR are very dlﬂ'erent
both in design and in character1st1cs of the proton beams. The purpose
“of treatlng 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 ITEP. For this it
was necessary to modify and adapt the medico-technical construction, and
the. methods of the radiotherapy-itself to the proton beam characteristics
" and to the patlent irradiation conditions at the med1ca1 proton beam of the
JINR phasotron.. N : : ‘

Our task was to apply two' methods of proton- and-gamma treatment of
the uterus cervix cancer, to study and evaluate the rad1olog1ca1 reactions
and clinical results in comparison with those as at the ITEP.

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-and-gamma treatment of
the uterus cervix cancer” has been activated since 1987. i

At the second step we went on to the radical (w1thout surgery) proton-
and-gamma radiation treatment of the uterus cervix cancer Stages 1B,
IIAB, IIIB, according to the protocol "Radical proton- and -gamma thear-
apy of the uterus cervix cancer”. A uniform TNM class1ﬁcat10n system
of UICC (Internation Union Agamst Cancer), accepted by FIGO (Interna- ‘
tional Federation of Gynaecology and Obstetncs) was used for all patients.
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2. The techmque of patlent 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 performed in treatment room No.2 of
the clinical-physical facility with a modlﬁed horizontal 130-160 MeV pro-
‘ton beam. The beam of this energy.is produced after deceleration of the
; 660 MeV proton beam from'’ the JINR phasotron in a carbon degrader
~ For transvaglnal proton 1rrad1atlon of the cervical cancer we use a set
of. cyhndrxcal vaginal tube collimators (1, Fig.1;'1, Fig. ‘7) with conical (2,
Fig.1; 2, Fig. 2) or cyllndrlcal (3 Fig.2) pleX1glass heads. A central probe
(4, Flg 1;4, Fig 2) is 1nserted into the cervical canal and uterus cav1ty The
Aprobe which is a 4 mm in ‘diameter steel bulb-end rod, was 1ntroduced
into a uterus without dllatatlon of the cervical canal. These vag1na1 tube
collimators and the central probe are employed to fix the target volume
( cerV1x and ‘corpus uterl) W1th respect to the proton beam ax1s (P, Fig.1).
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Fig.1. Schematlc representation of the serv1cal cancer proton
treatment.-

1 - vaginal tube-collimator;
. 2- ‘conical pleXIglass head;
3- general colllmator w1th ridge filter;
4 - central probe
" 5 - uterus;
6 - vagmal.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.1) 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. Extenswn of the ﬂat top of
the depth-dose dxstrxbutlon is about 8 g/cm?. S

The ridge filter i is a strong scatterer, so for transvaginal proton irradia--
tion of the cervical cancer we use a set. of cylindrical vagmal ‘tube collima-
tors(1, Fig.1; 1, Flg 2), defined the dose ﬁeld by sides: ;

The cylindrical and. conical heads of dlﬂ'erent thlckness are intended for
treatment depth regulatlon The comcal heads also make it possible to
irradiate the upper part of the vagina. - GeAT e

Examples of isodose - distributions w1th cyhndrlcal and comcal heads
measured with a small silicon detector in'a water phantom are presented
in Fig. 3a,b. Each line indicates the 1sodose level w1th an 1nterval of 20%
of the maximal dose. ..~ S

The proton dose field has a cyhndrlcal form the dlameter of whlch is
found . for individual - patient’s need. For thls techmque ‘the 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,c.

For - absorbed dose rate “measurements we use a‘- clinical dosime-
ter KD- 27012 ‘with thimble ionization chambers VAK 251 and VAK-253.
The d051meter was cahbrated w1th a %9Co source of the therapeutlc ~-unit
placed in one of the rooms. of our: chmcal—physmal fac111ty, and also used
for patlent treatment. The %Co source was cahbrated against the primary
standard of ‘the Czech. Repubhc placed in the’ Prague Institute of Radia-
tion DOSImetry The accuracy of the gamma-unit calibration is 1.3% (one
standard deviation) [7].

Using the gamma-unit as a calibrated stand for lonlzatxon 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‘Cllnlcal Heavy Particles Doslmetry)
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 coliection of vaginal tube-collimators with heads.
1 - vaginal tube-collimators; 2 — p()nica.l heads;
3 - cilindrical heads; 4 ~ central probe.

Fig.3. Proton dose distributions with:
a) - cilindrical head (frontal projection):

b) - conical head (frontal projection):

¢) - conical head (sagittal projection).



3. The method of pre-operative proton- and-gamma

treatment of the uterus cerv1x cancer

Frofd November 31987 fo December 1988 six patients were treated. The
age of patlents was from 30 to 50 years. All patlents ha(l the clinical Stage
1B uterus cerv1x“ ancer ! & 8

The method of the pre—operatlve proton-and- gamma treatment of the
uterus cerwx cancer mcludes transvaginal proton- irr adldtl()n of the uterus
and external v~ 1rrad1at10n of the regional lymphahc nodes followed by the
surgical treathnt radlcal hysterectomy with lymphadenectomy.

We normally used 3 fractions (treatment sessions) of proton irradiation
with the followmg fractlonatlon 10 Gy tumour dose at 50% isodose level
(point A) a week the total dose at point A was 30: Gy.. The diameter
and depth of the dose ﬁeld were chosen individually for each patient. The
target dose in the max1mum of the. dose dlstrlbutlon ‘(in the tumour
centre) was 20 Gy for each fraction: The dose rate of the proton beam
in the maximum of the dose field was about 2~ Gy/mm and the proton
irradiation procedure was as long as-5 —~ 10 minutes.

At the same"tiine ‘ regional lymphatlc nodes ‘were irradiated  at the
%Co ~-unit ROCUS M for3’ weeks ‘with the following fractionation:
2 Gy at 100 % 1sodose levél (pomt B), five times weekly. The method
of the external v~ 1rrad1atlon is‘Totation w1thm 4 sectors of 60° each. The
dose field size was-limited from (4cm*14cm) to (4cm*16cm) Usually 20-40
% 1sodose level of the. external 7«1rrad1at10n ‘passes through pomt A The
example of the dose’ distribution is shown.in Fig.4,a.

The total dose of proton- -and- -gamma 1rrad1at10n delivered to point A
was 36-42 Gy. The total dose of the external - 1rrad1at1()n apphed to point
B was 30 Gy. Bladder and rectum re(‘elved about 6-12 Gy from external
gamma-irradiation (at 20-40% isodose level)

Radical hysterectomy with lymphadenectomy 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 transvaginal proton treatment was carried out for
3 patients, the 0t}fér~3’1§atié1’1€:§ ‘had 1-2 transvaginal proton irradiations
and additional external v-irradiation of the whole pelvis. The total dose at
point A was 30 Gy (after protonsand:gamma irrdadiation). All patients had
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. rotation within 2 sectors of 180°., .. . .« ..

' Fig.4. Dose distributions for external vy-irradiation of:
" a) - the regional  lymphatic nodes; v

b) — the whole pelvis.



negative nodes at the operation. No any postradiation reactions to critical ~Table 1. The age of the p?‘tlf?nts treated with a radical
organs (bladder and rectum) were observed in all patients. The threshold method and tumour characteristics
of erythema and definite vaginal and cervical mucositis was found. \ ' Co
All patients were followed up-over 5 years. One patient died because
of the vaginal metastases outside the treatment region (in the lower part

Age Number

of the vagina); the other 5 (83%) are alive without recurrences, metastases ‘ of‘ of Stage I | Stage II | Stage III
and complications. These results are in good agreement with the analogous pati- pati- ’ '
results obtained at the ITEP (3] and have'become the basis for beginning " ents " ents
of the radical (without" surgery) proton and-gamma treatment —— ‘ — ‘
' : ‘ - S 50-59 years | - 6 Rl ] 1

4. The method of radlcal proton—and gamma treatment of the 60—69 years | =12 4 e T 1
uterus cervix cancer ‘ . 70-79 }\Ieal‘sf T4 9 1 1

i | I Total | 22 6 | 13 3

From 1990 to 1994, 22 patientswere treated by the radical radiation
method: transvaginal proton irradiation was used with external 4 ~therapy.

Three others received palhatlve radiation treatment and were excluded from
the latest analysis. o ‘ Table The results of radical proton and
The age of the patients and tumour characterlstlcs are shown in Table N ¢ f the ut ’Cel
1. The mean age of patients was 60-69 years, ranging from 50 to 79 years. y-treatment o e uterus cervix Cdn
Patients had the clinical Stage IB, IIA, B, ITIB of the uterus cervix cancer. for patients followed up over 3 years

Most patients had cervical cancer ‘Stage II. .

The radical proton and-gamma, treatment of the uterus cervix cancer

consists of two phases In the first. phase the external ~-irradiation of the Stage | Number Are Death Death

whole pelvis (the prlmary lesion and ‘the zone of the regional lymphatl(‘ of pati- living from- | from other
. nodes) was performed by the biaxial bisectoral 180" Totation technique.The .|  ents over 3 year | tumour reasons

example of such summarlzed dose dlstrlbutlon is shown in Fig.4,b. Isodose . = =

curves from 20% to 80 % pass through the bladder and rectum. The total I : v 0 . .

dose’ of 20 Gy (at 100 % isodose level) was ‘delivered to points A and B . I 4 ‘,,3 L , T

with the followmg fractionation: 2 Gy tumour dose daily, 5 times a week, _ III - 3 2 , -

overall time 2 weeks. < : ” Total I 192 10 ]

In the second phase of the rad1ca1 radlatlon treatment, the transvaglnal
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).




At the same time the external y-irradiation of the lymphatic nodes was
done by the rotation technique within 4 sectors of 60° each. The irradiation
was continued for 3-4 weeks. The total dose of 30- 40 Gy to pomt B was
given. Point A received from 6 to 16 Gy.

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

All patients achieved a complete local response just after radiation treat-
ment, or one month after. Threshold erythema and definite vaginal and
cervical mucositis were found during the radmtherapy, 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 chromcal intestinal diseases were
ocasional and transient. and depended only on the external ~-irradiation.

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

5. Conclusions. -

1. The clinical prbbatibh of the set-up for treatment of gynaecological
tumours with the JINR proton hean1 has been done.

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

T

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. '
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4.

(4]

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

6 of them had the pmtou an(l-vamma twatment comblned w1th the
surgical operation. The survival rate over 5 years was 83%.

25 pahents received the rddlcal proton- and- -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 treatment sessions were performed. The clinical results

are in good agreement with the preceding results of the ITEP group.

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 enongh. After insignificant technical correction
connected with characteristics of the present proton accelerator and
medico-technical facility of the treatment room, our method may be
adapted for proton irradiation of the uterus cervix cancer at dissimilar -
prot()n beams both-in Russia and in abroad.
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O

JqueHne paxa uremm MAaTKM HA Me;mumrcxom npo-ror-n-roM ny-nce tbaao'rpona OPI.SII/I o N

Me-ro;u,l coqe-raHHom p—y JIEUeHHS paxa LIEtKM MATKH 6wm pa3pa6oranm Bnepnbre B I/ITBCD

. (Mockea), BOCNpOM3BEAEHbI 1 yconepmeacmoaaam HA MERMIUMHCKOM npoTonHoM - niyuke JIATL
-QUSINA, (11y6Ha) PeayneTats: xnmmqecxom NpPUMEHEHNS METOZIOB JIEYEHHS PaKa IIEeHKH MaTKH

rlon'rnepnmm TIPeMMYIIECTBO JIyYEBOT0 JIEYEHHs NPOTOHHBIM IyuxkoM. Hanbosee BakHbIM peuMy-
LIECTBOM sm.naercsr OTCYTCTBHE -TIOCIIEAYUEBBIX peaxmm'n ocnoxmemm B xpmwrecxux opraﬂax .
(MoueBo# nyabrpb ¥ IIpsIMAs KUIIKA) . ‘

K nacrosmeMy BpeMeHH Ha cbasorpone OI/I5II/I TNPOBENIEHO JIEYEHHE paxa wWeHKM MaTKH
y 31 GonbHoi. M3 uux 6 GonbHbIM TPOBE/IEHO KOM6HHHPOBaHHOC neuenue  (p—y 06ny!1erme, '

3 H xupypmqecxoe Jleqerme) 22 6om>m>xx TONYYMIM PATHKANLHOE COUETAHHOE P~y JeueHHe B ca- -

MOCTOHTCJ’IBHOM BapHaHTE U OCl'aJleblM 3 GonbHBIM ObLT HpHMCHCH na.ruma'msnbm MeTOIl nyqesom .
neqenmr paxa HICHKM MaTKH. KJIMHM‘ICCKHS peaynb'rarbl P~y Ie4eHUs paxa weiku MHTKM XOpOlIIO

* COTACYIOTCS € peaynb'ra'raMM TAKOIO XKE JICUEHU, nponeneHHomBI/ITBCD BonbHsle, no;rylmnume
P~y JeveHue  paxa’ weiku MaTKH, xuBbl 6e3 peuu;[mson, METacTasos U erqenmx ocnoxmemm
nBS%c.nyqaeB TR : B Tt

Y ) 5 \ - L ,/",‘,m,

Pa6o-ra BbIHOHHeHa B JIa6oparopun smepnsrx npo6neM OHSII/I

. Astrakhan B.V.etal S E k e
: Treatment of the Utems Cervtx Cancer thh the JINR Phasotron Proton Beam

1 E18-95-99

B The: methods of the utems cervtx cancer proton and gamma treatment for the fll'St ttme were' .
:elaborated in the CRC RAMS and ITEP in Moscow and then developed for the JINR proton beam | -

in Dubna. The results of the clmtcal probatton of the methods for the uterus cervix cancer treatment |

.have conhrmed the advantage of the proton irradiation.The most important’ advantage of the proton | ©

beam treatment is absence of postradtatxon reacttons and compltcattons in the cnttcal organs (bladder

!"and rectum).

. Up to'now 31 pattents wrth the utems cervix cancer have been treated at the JINR phasotron ‘

: 6 of them had proton -and- gamma treatment_combined with surgical operatlon ‘and 22 patients.
‘received a radical proton-and- gamma treatment (without surgery). The tlinical rcsults are in good
’agreemem with the precedmg results” of the ITEP: group.: After. receiving proton-and- gamma‘ o
‘_radtotherapy of the utems cervtx, 83% of the patrents are, alive w1thout recurrences. metastases s

and compllcatrons e LN

The mvesttgatron has been performed at the Laboratory of Nuclear Problems JINR ’ :




