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INTRODUCTION Know ing the advant ages o f brach ytherap y 
based on the experience acquired in adu lt patients, the question 

is, is it feasible to use brachytherapy in childh ood neop lasms? 

The objec tive of this lec ture is to try to demon strate the rele
vance of this kind of irradiation procedure concentrat ing on 

- the different technical aspec ts of interstitial and endo
cav itary brachytherapy, 

- the comp ar iso n be twee n low dose-rat e (LDR ) and high 
dose-rate (HDR ) brachytherapy, 

- the res ults acco rding to the main tum or sites in whi ch 

brachytherapy can be used taking into account the literature 
review and more pa rticularly the ex perience of the lnstitut 
Gustave -Roussy. 

BRACHYTHERAPY: DEFINITIONS , RULES By delivering a high dose 
of rad iation to a well defined vo lume with a low dose to the 

surroundin g tissues, brac hytherapy allows an eleva ted local 
tumor contro l with an acceptable rate of complications. 
According to the different ways to imp lant patients, two kind s 
of brachytherapy are genera lly defined: 

- interstitial brachytherapy ín which radioactive sources are 

impl anted inside the tumo r tissues to be irradiated 
- endocavitary brachytherapy using a natural cav ity of the 

huma n body ín which radioac tive source s are introdu ced in 
con tact with the tumor tissues to be irradiated . 

For brachytherapy it is necessary to have know ledge of the 
tumor volume to be treated and the tolerance of the surrounding 

norm a! tissues. Ru les of an impla nt system must be res pec ted 
ín order 10 achieve a homogcnous dose distributi on. It is also 
importa nt that the brachythera py implant sho uld be well tole

rated by the child . Hosp ita lisat ion will be necess ary when 
using LDR brachythcra py. Rau iatiun expusure tu medica l staff 
and visitors will need to be minimi sed. 
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To achieve these different objectives, modem brachytherapy is 
based on the use of afterloadin g sys tems (plastic tubcs, guidc 
gutters, hypoderrnic and guide needJes, silk thr eads , catheters, 
templates, endocavitary applicators) miniaturized sources (iodine, 
ces ium, irídium ), remote afterloadin g machines , comput erized 
dosimetry. 

Ali these systems are used dai ly in adult patients and of cours e 
can be adapted to children. Before dec iding on brachytherapy , 
it is quite necess ary to kno w the vo lume to be implant ed and 
to deterrnine ifit is possible to implant this vo1ume, respecting 
the rules of a system. ln case of negative response, the physician 

must be reaso nalbe enough to accept that brachytherapy is not 
an option. 

CUNICAL DATA Paed iatric brachytherapy is rarely practised, but 

ín selected cases, taking into account the experience acquired in 
adult patients, has it a de finit e benefit? Can bra chythera py 

combined with other modaliti es allow surgery to be more con
servative with better functional results? Can we , with brachy

therapy, decrease the compli ca tion rate as we observe with 
extemal beam irradiation? 

To try to answer these different queslions, it appears from the 
published literature, thai paediatric brachytherapy is practised 

relatively rarely. As Plowman (1 ) said: "Th is is partly becau se 
of the extensive nature of many paediatric tumours ... availabi

lity of e lcc tron beam facilities .. . re lat íve lack of paediatric 
brachytherapy experience by radiotherapists". Along with these 
factors, it would be necessary to add that the high chemose nsi
tivity of many neoplasms ín childr en and the very import ant 
prog ress made with new drugs, and also the fact thai many 
paediatricians are concerned with radiation therapy comp lica ti
ons and sequellae. Ali these facto rs explain the few cases of 
children, presenting with cancer treated with brachythera py. 

So to try detem1ining different tumor sites which can benefit 
from brachytherapy, we will describe firstly our own experience 

to be compared to the literature data ín the discussion. 

THE INSTITUT GUSTAVE-ROUSSY EXPERIENCE 

POPULATION From 1972 to 1990, 127 children were treated with 
brachytherapy ín the Institut Gustave-Roussy . Durin g the sam e 
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period , 13 cases of ret inob lastoma received intra-operativ e 
bra chytherapy but they are excluded from this retrospective 
study. The main tum or sites are pelvis (57%), head and neck 
(33%), other soft tissues sarcoma s (10%) and the pathological 
distribution shows rhabdomyo sarcoma (53%), clear cell (27%), 
others (20%). The majority of the tumors treated were non-me

tastatic to distant organs. 

TREATMENT PROTOCOL The primary aim of any treatment is to cure 
and, particu larly in young patients, to try to preserve function 
and avoid radiati on sequellae. So for pelv ic cance rs, rad ical 
surgery like prostatec tomy, cystecto my, hysterec tomy or 
pelvic exe nteratio n have somet imes to be perforrned as first 
line treatme nt; howev er, our challenge was to find a way of 
preserving the sexual life, the horrnonal function and perhaps 
eve n, the potentia l ferti lity of the cured child. 

For all histologica l types excep t clear cell adenocarc inoma, the 
treatme nt was a combination of chemo therapy, surgery, brachy
therapy and , in some cases, exte mal radiotherapy. For clear 
ce ll ade nocarc inoma, the treatme nt combin ed co nservative 
surgery and brachytherapy with extemal radiotherapy in some 
cases. For a ll turnors the type of surgery var ied depending on 
the tumor 's locat ion: tumor resec tion, lymphadenectomy, 
ovarian transposition or intraoperative brachytherapy. Further
more surgery played a major role in case of local failure. 

Chemotherapy was used, as usual for chemosensitive tumors, 
to reduce tumor volume in loca lized cases to make them 
accessible to brachytherapy, and to prevent distant metastases. 
Except in clear ce ll ade noca rcinoma which is not a chemo
sensitive tumor, chemotherapy was essentia l in this combined 
treatm ent. lt was mainl y used at the beginning with an average 
of six courses . Different combi nations of drugs were pre
sc rib ed acco rd ing to the histological types. ln ma lignant 
mesenc hyma l tumor s, prior to 1984, V AC (Vincris tine, Act i
nomyc in D and Cyclo phospha mid e) and VAD (Vincristine 
and Adriamycin ) protocol s were used. Then Ifosfamide re
placed Cyclop hosphamide (lV A protoco l). ln gerrn cell tumors 
(inc ludin g Yo lk sac), the MAC regimen (Met ho trexate, 
Act inomycin D, Cyc lophospham ide) was replaced at the same 
pe ri od by new act ive co mbin at ion s wi th Cis platinum , 
Vinblastine and Bleomycin. For patients with a high metastat ic 
risk this chemotherapy was continued after the brachytherapy 
for a mean time of one year. 

Externa l bea m irrad iation was not routinely presc ribed , the 
radiotherapy modalitie s were brachy therapy in 90 % of the 
cases and comb ined brachytherapy- extemal beam irradiation in 
10% of the cases. The indication s for external radiotherapy 
were essentially bulky and exte nded diseas e and/or nodal in

vo lveme nt. 

BRACHYTHERAPY 

Generalities ln 74% of cases, LDR brachytherapy was, combin
ed with other therapeutic moda lities, the first line treatment; 
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while in 26% of cases, the brachytherapy was presc ribed for 

recurrence as a salvage treatrnent. 

For brachyth erapy, the adult techniques-adapted Jor children 
were used. The afterload ing systems were esse ntially plastic 
tubes with sometime s gu ide gutters, silk wires and/o r hypo
derrn ic needles for interstitial brachytherapy; for endocavitary 
brachytherapy, moulded personalized applicators were used in 
all cases . lridium l92 sources were emp loyed in the vast ma
jori ty of the cases, Cesium 137 was reserved for gynecolog ical 
applications in which the size of the mou ld allowed the use of 
these radio-act ive sources with source-projectors. Th e dose 
given by brachytherapy was between 45 and 65 Gy if brachy
therapy was used only. lf a combined treatment was made with 
externa l beam, a boost of 15 to 25 Gy was used. Ali brachy 
therapy was low dose rate (0.4-0.6 Gy/h) and the tota l dose 
was delivered in I to 3 courses for gyneco logica l tumors and 
in I course for the other tumor sites . The computerized dosi
mehy was calculated according to the Pari s System for inter
stitial brachytherapy and accord ing to the JCRU recommenda
tions for endocavitary brachytherapy. For every patient a very 
prec ise dose-d istr ibu tion was obta ined in term of the dose 
de livered to the tum or, to the surroundin g c riti cal orga ns 
(bladd er, rectum , ovaries , spinal cord , Jung ... ), to the nodes 
and to various selected and releva nt points. For a ll pat ients, 

optimized three dimensional dosimetry was made. 

Brachyth erapy pro cedure examples To illustrate the practica l 
aspec ts of the brachytherapy we have chosen five of the most 
common indications: a rhabdomyosa rcoma of the naso-labia l 
sulcus, a soft tissue sarcoma of the arm, a vag ina! rhabdomyo
sarcoma, a bladder-prostate sarcoma and a cerv ico-vag inal clear 

cell adenocarcinoma. 

RHABDOMYOSARCOMA OF THE NASOlAB!Al SULCUS The current and 
primary treatmen t protocol of a rhabdomyosarcoma is chemo
therapy. There is no need of an adjuvant treatrnent if regres
sion is comple te. Conservative surgery , brachythe rapy or intra
opera tive brachytherapy are indicated when a com plete res
ponse is not obtain ed. 

The brachytherapy is mostly done by three plastic tubes after
loaded with lridium 192. The median tube passes through the 
botlom of the naso- labial sulcus; it is surrounded by two latera l 
tubes. The distance between tubes is about 10 mm and the 
length of the iridium wire var ies from 15 to 30 mm dependin g 
upon the tumor size and child 's anatomy. The delivered dose 
is 65 Gy or only 55 to 60 Gy in case of intraoperative brachy 
therapy when the surgical resection is complete. In this examp le, 
as in other interst itial brachyth erapy implants we use a low 
dose rate brachytherapy delivering by a continuous irradiation 

from 800 to 1200 cGy a day. 

SARCOMA OF THE ARM ln this case intra-opera tive brachytherapy is 
systematica lly perforrned with a con servat ive surgical app
roach. After the frozen section, the plastic tubes are implanted 
and accordin g to the defini tíve histologica l exam the loading 
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and the dose to deliver are decided: L If the resec tion is histo
log ically complete the indication for brachytherapy can be dis
cussed acco rding to the clini cal, surgical and pathological data. 
lf the brac hytherapy indicat ion is sustained the dose is 50 Gy. 
2. If the macroscopic resection is complete but the microscopic 
resect ion is incompl ete the dose is 60 Gy. 3. ln case of bulky 
res idual disease brac hytherapy can be indicated but as an anti
cipated boos t, followe d by an extemal beam irradiation in a 
large r vo lume. The dose of brachytherapy must be about 25 to 
30 Gy , as a boos t; later the extemal beam irradiation will de li
ver 45 to 50 Gy . 

BIADDER-PROSTATE RHABDOMYOSARCOM4 Brachytherapy is indicated 
for small residual disease pers isting after chemotherapy. The 
CT scan and MRI are necessary to confirm the indication for 
brachytherapy which is applied only intra-ope rative ly. The 
first step of the conservat ive surgery is exploration of ab
dominal and pelvic cav ities, lymphadenectomy and if possible, 
resec tion of the residual disease. The residual disease is mostly 
situa ted between bladder and pros tate which is di fficult to 
access by the brachytherapist. 2 to 3 plastic tubes are implanted 
through abdominal or perinea l way acco rding to the tumorai 
site . The residua l disease should be clipped to enable the adap
ted afterload ing. 

ln sp ite of the res idual disease, norma) tissue tolerance and 
histo logica l data the dose de livered varies from 50 to 65 Gy. 
The calc ulat ion of the dose distributi on is based on the Paris 
System rules, using a computerized sys tem. Eac h tim e it 's 
necessary we do a CT scan when the plastic tubes are implanted 
and before loading to check their position according to residual 
disease, critical organs and adapt dose distribution. Same pro
cedure can be used in all brachytherapy implantations in adults 
as in children. 

VAGINA[ RHABDOMYOSARCOMA After chemotherapy in case of im
comp lete response the tumor volume is modified, the residual 
disease is often less exophy tic. On ly the vag ina! mould , done 
under general anesthesia, enables a good visualisation of the 
tumor's topography. Fabrication of the mould, determination of 
the plastic tubes inserted on the applicato r which will contain 
the irídium wires who 's active length is chosen depending on 
the site to be irradiated and the critical organ s. 

After silver seeds are inserted to detennin e the tumor spread, 
the vag ina! mo uld is introd uced under general anesthesia. The 
bladde r and the rectum are visualised with radio-opaque cathe
ters. Radiological controls are done and dosimetry performed 
by comput er. The tota l dose given to the tumor is 60 Gy. The 
rules used to dec ide the overa ll treatment time are identical to 
those used for the cervica l carc inoma in adult patients with a 
spec ial concem abo ut the critical organs. lf the dose rece ived 
by these organs is too high the brac hytherapy is done in mul
tiple sessions to take into account the tumorai shrinki ng and 
adapting the irrad iated volume to reduce the dose to surrounding 
norma ) tissues . 
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Brachytherapy for ped iafric malignancies 

ClEAR CEll ADENOCARC/NOM,4 (CCAJ Unlike the other pediatric 
tumors clear cell adenocarcinoma is resistant to chemotherapy. 
The different steps of the treatment are: 

- surgery with ova rian transpos ition and pelv ic lymphad e
nectomy done by classic laparotomy or, more rece ntly, with 
laparoscopy; 

- in case of positive nodes or extended disease extem al beam 
irradiation prior to brachytherapy; 
- in other cases postoperative brachytherapy. 

The moulded applicator is the first step of the brachytherapy 
procedure. The principles of this brachytherapy is strictly the 
same as the principles of the brachytherapy of the carc inoma of 
uterine cervix in adult females . One should stress the difficu lties 
due to the anatomy of these adolescents who mostly didn 't 
have a sexual experience, null iparity with small vag inas which 
are frequ entl y ma lfo rm ed . Beca use of these as pec ts, th e 
moulded applicator, and the radioactive sources must be per
fectly adapted case by case as well as the dose distributi on. 

RESULTS 

SOFT TISSUE SARCOMA Soft tiss ue sarcomas are divided acco rd ing 
to the main sites : 

- for trunk and limbs ( 13 patients) brachytherapy was used 
in 10 out of 13 patients as a salvage treatment. The 5-yea r 
disease-free survival (DFS) was 46%, the loca l control rate was 
61 %, and a 23% grades 2 and 3 complication rate was observed; 
- for head and neck thirty nine patients received comb ined 
treatment including brachytherapy done 25 times as a first line 
treatment and 14 times as salvage treatment. The 5-year results, 
according to the two different approaches, were: DFS 76% and 
50%, loca l control 84% and 64%, severe compli cations 19%. 

PEIVIS Seventy five children or adolescents were treated by a 
mul tidisc iplin ary approac h includin g brac hytherapy. These 
pelvic tumors are divided into: anal cana l tumours, bladder
prostatic tumours, gyneco logical tumours. 

Anu s: on ly 3 patients received interstitia1 brachytherapy, l 
case as first line treatment, 2 cases as salvage treatment. Two 
out of three patients are alive. 

Bladder-prostat e (15 patie nts) : Intraopera tive brachytherapy 
was indicated as first line treatment in 12 and as a sa lvage in 
procedure 3. ln the first gro up, the 3-yea r DFS is 75% with a 
conservative treatment in 8 of 9 patients alive ; in the seco nd 
group, only I patient is cured . 

Gynaecological tumours: this tumour site must be divided in
to two main groups accord ing to the patholog ica l distributi on: 
- sarcoma and yolk sac tumours: a total of 30 patients: 5 
stage 18 (FIGO classificatio n), 7 stage 11, 10 stage III , 2 stage 
TV and 6 with recurrences . The 5-year DFS was obtained in 
83% of cases, with a loca l control rate of 90 % but near 30% of 
grade 2 and 3 complications. 
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- clear cell adenocarcinoma: thirty two young patients have 
been treated ín the Gustave-Ro ussy brachytherapy department, 
but only twenty eight with a follow-up more than 2 years are 
reported. DES exposure was found ín 64% of cases. The FIGO 
stage distribution was 6 IB, 8 II , 8 III , 6 IYB . The 2-year 
DFS rate is 71 % with 20 % grade 3 complications. A conser
vative approach preservi ng ovaries, uterus and vagina, was 
possible ín 20 patient s, one of them giving birth to a norma ! 

child , 5 years after treatment. 

LITERATURE REVIEW Zelefsky and colleag ues (2) reported the 
experience of MSKCC on 22 children treated with a combina
tion of surgery and brachyth erapy for soft tissue sarcomas. 
Iodine 125 was used ín 7 cases, Ir 192 ín 15 cases. The diffe
rent tumor locations were: extremitie s ín 16, trunk ín 4 and 
orbit in 2. Half of the patients had recurrent lesions at the time 
of brachytherapy. ln 68% of cases margins were positive. The 
results are quite encouraging despite bad prognostic factors: 5-
year actuarial overa ll survival 87%, local control 68% (95% 
inside implanted volume), no seve re complication s. 

Fontan esi et al. (3-4) has reported the SJCRH experience 
abo ut 58 pediatric patients implant ed ín 62 sites includin g 10 
retinobla stomas (non included ín our own study). Brachyth e
rap y was the only radia tion treatment given in 11 patient s, 
boost brachytherapy was indicated for recurrent disease or second 
tumor in a previously irradiated area. The disease free survival 
wa s 75%, the local control 86%, the complication rate 26%. 

Curra n and associa tes (5) publi shed hi s experience on 12 
ch ildren who rece ived brachytherapy for soft tissue sarcoma. 
Brachytherapy was used as first line in a multidi sc iplinar y 
treatrnent ín 8 cases, and ín 4 cases as salvage proced ure. The 
radionuclide s used we re Irídium 192: 9 times, lodine 125: 2 
times and Californium 252: once. Six children presented with 
HAN tumor s, 4 with pelvic tumor s, 1 with extremity sarcoma, 
and another one with a retroperitonea l tumor. For this group 
(firs l line treatment), 7 out of 8 children have main tained loca l 
control ; in the seco nd gro up, only 1 out of 4 did so. Com pli

cation rate at 2 yea rs was minim al. 

Other experiences were also published but the cases were few 
in each series. Mart inez er al. (6) , Plowman et al. ( 1), La 
Quaglia el al. (7 ), Cher low et al. (8), Lewis (9), Neckuskin el 
al. ( 10) and Marques er al. ( 11) have published same encour
aging results emph asiz ing the good loca l control and minor 
sequelae obtained by brachytherapy when compared with exter

nal beam irradiation. 

HDR brachytherapy was performed ín some cases and the 
larges t experience in thi s field is thal of Nag ( 12-14). He 
prefe rs HDR to LDR brachytherapy as he think s thai LDR 
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brachytherapy is often not practicabl e ín children , becau se of 
poor tolerance during the hospitalization , and also because the 
risk of radiation expo sure to persona ] and the child 's family. 
Seven children (2 head and neck, 4 pelvic , 1 chest wall) were 
treated by Nag er al. (12-14) ín a multidi sc iplinary treatrnent 
using HDR brachytherapy. The cathete rs were imp lanted intra
operatively in 5 patient s and in the !ast 2 pati ents a custom
made vagina! applicator was used. At 2 years all childr en are 
alive, acute reactions look acceptab le ; howeve r it may be too 
early to evaluate late sequelae. 

CONCLUSION ln chi ldhood oncology brachyth erapy can play an 
effective role ifit is integrate d in a multidi sc iplinary approa ch, 
if it is based on precise and exact standard s and on the use of 
modem brachyth erapy ín adult patient s. 
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