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B a c k g r o u n d .  Diffuse b r a i n t t e m  tumors  ill chi ldren 
are rare and its treatment is controversial. A l t l iougl l  
radlotileral)y (RT) t i led to be tile treatment tip choi -  
ce, results r emained  unsatisfactory. T h e  association 
el" RT with other therapies is conLnlon, but lacks 
scientif ic  data regal l l ing  its ef f icacy Compar i son  of  
results o f  irradiation a lone  versus c o m b i n e d  treat- 
ment  modai i t i es  is cnlcial  ill improv ing  survival.  
J I e t h o d .  The  autiLors r ev iewed  twen ty - fou r  pa- 
tients witit diffuse b ra ins t em tumors ,  with m e a n  
age o1" 7 years, t rea ted  f rom D e c e n l b e r  90 to No- 
ve inber  99, at tile Universi ty  o f  Sac Paulo,  Brazil. 
These  pat ients  were  s u b d i v i d e d  ill r ou t  g roups  ac- 
c o r d i n g  to the t r e a t m e n t  opt ion  at the onset  o f  
symptoms .  Four  pat ients  were  t reated with radia-  
tion a lone  (total dose  (if 50 Gy to 62.4. Gy), 6 pa-  
tients with c h e n l o t h e r a p y  and rad ia t ion ,  8 ~vil.h ta- 
m o x i f e n  and radia t ion  and  6 witll tamoxit 'en,  
rad ia t ion  and  chemothe rapy .  T h e  resul ts  el" the dif-  
ferent groups  ~vere thenl  c o m p a r e d .  
FindinF~s.  Clinical  response  was  observed  in 83.3% 
of  ou r  chi ldren,  briefly fol lowed by plx)gressive dis-  
ease. Mean survival  was  17 m o n t h s  with no statisti-  

call)' s ignif icant  d i f ferences  a m o n g  tile groups.  Four  
pat ients  were  alive at tile end of  tile study, wi th  a 
m e a n  survival  el" 32.4 months ,  all (if t hem rece ived  
c o m b i n e d  therapy,  but with no  statistically signifi-  
cant di fl'erences. 
C o n c l u s i o n s .  Nei the r  tile associa t ion el" rad ia t ion  
therapy  willl  chemol l l e rapy ,  t amoxi fen  no r  both 
ilaxe siLowed survival  i m p r o v e m e n t .  The  prognosis  
(if these  pat ients  r e m a i n s  very poor  and only inves-  
t igational  trials w o u l d  justify a h i g h l y  aggressive 
approach.  

tiey w o r d s :  brain stein tumvrs,  children,  radivtherapy,  
ho rmone  therapy, chemotlLerapy. 
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I N T R O D U C T I O N  

Tile b r a i l l s t e m  is  o]le of'the rot)s t  inlportant Stl ' t lCtt lres 

in tile brain. Conlprising several midl ine dieneephalio 
nuclei, long tracts Prom cerebral hemispheres, tracts 
from tile cerebellum, nuclei from tile cranial nerves, 
tile rel icular activating systena and vital f iu ict ional 
centers, i l l  significance can not be overstated. Treat- 
ment of tumvurs in ti l ls region have always pvsed it- 
self as a special challenge to the nledical e~mllnunity. 
B ra instem tu ill ors a re c lassifi ed acc(!rclin g to illei r ]o- 
c a t i v n ,  e x t e n s i o n  a n d  c v n t r a s t  e n i l l l l l c e n l e l l t  vi i  c v l n -  

puted tolnography StallS (CTS) or inagnelic resonalLCe 
imal~.es (MRI). 1,esi(ilLS invulvil lg tile polls, extendil lg 

intv the midbrain  vr to the medul la  or both are classi- 
fied as diffuse brainsten] tulnors (DBT). 
DBT in children are rare, accounting for only 1.4% of 
fill tunlours. 7-10% of fill brain luiYlours, and approxi- 
nlalely 30% of posterior fussae tUlnOurs i-~ in ti l ls al~e 
group. 
The age of diagnosis usually I'all~es fl'(llll (~ to 10 
years old. The typical synlploms i llCltlde ataxia, cra- 
nial nerves palsy, and hemiparesis, with the later one 
SOl l le t inaes  deve l ( ip i l lg ,  ill a f i l h l l i l l a t e  ilLallller;  l l l t l]l i-  

pie symptoms  are seen in 70% el'patients*. 
Tile du i'aliOll of symptoms (ill D BT be |bre diagnosis is 
shorter in chi ldren (2 to 3 i l lOll lhs) than in adults 
(10.6 months) <->. 'Fills is usual ly associated wi th a 
~,lOl'Se pr(ignosis (5-year survival  rale el" 1(5% in chil- 
dren oonlpared to 47~ in adults). Nevertheless, inter- 
vats ]onF.er t i lan 2 nlonths fl'(llll tile onset of synap- 
tonls unt i l  diagnosis, are associated wi th better 
survival rates 4, 
Biopsy series demonstrated that tile prvpor t ivns of 
hiw gi'ade arid inaliTiLant aslrocyiomas are I'OtlT]lly 
equal. Although the proportion expected t7~1" autopsies 
series ~sould be tile 8anle, tile3' are nvt; 60% Iv 80% vf 
the cases showed anaplastic as t rocytomas or glioblas- 
tolnas, even with low grade ttllllOrs formerly con- 
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f i rmed by biopsy. These changes niay identil~' e i ther 
n la l ignan l  t rans l ] / rn la l ion r the progression o[" 
the disease or post radiat ion, or n la l ignanl  compo- 
l iel l ts thai were licit ident i f ied on former  biopsies. 
Histological  diagnosis other than the above men- 
tioned were rare 5. A hig-h risk o t 'compl icat ions is as- 
sociated wi th  the biopsy procedure (10% ot'severe/lTi- 
tal). Since this p rocedure  rarely nlodifies t rea tment  or 
prognosis ,  pat ients  are  not genera l ly  subnaitted to 
biopsy <r. 

The estalHishecl t reatnlent  for DBT has t radi t ional ly  
been the use oF external  beam irracliation, with doses 
of 54 to 60 Gy, (1.8 Gy/day)  2. Patients with untreated 
diffuse pont ine tumors  have med ian  survival  of 5.9 
months  while i r radiated pat ients  ha~e median sur- 
vival of  8.8 months. Cl in ica l  improvements  were ob- 
served in 70% of ' these pat ients  ~'9. 
Alternative schemes el' hyperl 'ractionated radiothera- 
py, ooml)ined treatment wi th  c i lemo-radh l l inn  or ia- 
llloxirell |lave I)een s tudied for DBT. Until now, llOlle 
ot" them has demons t ra ted  better results than radia-  
tion alol le I~ i. 

The low i i le idence of DBT and the toxicity associated 
wi th  the difl 'erent l reatments make it c l i f l icul t  to es- 
tablish the best therapeul ic  option. O~ei" the hlst 
decade, several l reatmel l t  protocols were used at our  
i r ist i tut ion. The i r  results, cornpared in a retrospective 
analysis, a re presented in this reporl. 

Radiotherapy was del ivered ,,villi a inegavol iage 
equiprneni  ( l inear  accelei 'alor or Cobalt un i l ) ,  iota] 
dose i 'angillg t'l'Om 50 to (32 Oy (medial1 56.7 Oy) in 
single dai ly fract ions rip 1.8 Oy (:5 f ract ions/week) .  
On tile tamoxi fen protocol, ti le drug was given (ill the 
eve of radiat ion and du r ing radiotherapy (300 1117/111 ~ 
with lllaXilllal close of 4,50 rag, divided ill tree equal 
doses, per  oral),  fol lowed by a ma in t enance  close dur-  
ing the next 52 weeks  (200 ing/nl<2/day, with inaxinla] 
of 300 mg/chly, divided in two t imes a day,  per  oral).  
hi cases  of tumor  progress ion  salvage chemothe rapy  
was admin i s te red  with, Carbophl l ine  250 mg/m <->, i.v.; 
and/or  Vincr is t ine,  1,5 lng/n-i <-', i.v., w i th  the suspen- 
sion Of the tanloxifen when  still in use, resul t ing in 
groups 2 and 4. 
The fol lowing p a r a m e t e r s  were studied: gender,  age, 
number  and durat ion of symptoms  (<_ 3 months  or > 
5 months) ,  extension of  disease (2 or more  sites), to- 
lal dose (54 Gy or less and > 54 Gy), dally fl 'aclion 
(1.8 Gy or other f ract ionat ion),  durat ion tip t reatment 
(6 to 8 weeks  or  incire than 8 weeks) ,  cl inical  alld ra- 
diologica] response,  and surv ival .  
Respoilse was analyzed by nleans of" c l in ica l  and ra- 
diological  per iodical  controls, h l l p rove i l l en l  of  synlp-  
loins and/or  radiohlgioal  tu inor  regression of  at least 
50010, were considered as good respoilses. Surv iva l  
was COtlllted t'rom tile date of diagnosis  tllitil tile last 
~)l low-up or death.  

M E T H O D S  A N D  1MATERIAl .S  

From December 1990 unt i l  November 1999, 24 chi l -  
dren w i th  DBT, cons idered  inoperable by t i le Necu'o- 
stlrgery Department ,  ,',"ere treated in the B, ad io therapy 
Depar tment  and Chi ldren 's  Institute of the University 
. f  Sao Paulo, Brazil. All children were younger  than 
14 years.  
Mi l l  was the def in i t ive diagnosis exam fftr the estab- 
] ishi r lenl  of i t l l no r  type and extension. No st l rgery 
(except for shtlnts) or biopsy vcere perfornled in the- 
se chi ldren.  
h l i t i a l l y  proposed treatment inohided radiotherapy 
alone or eonlbined w i th  lamoxi l 'en or c] lenlcitherapy. 
There was no seleelion cr i ter ia tbr the addi t ion of, 
chemotherapy or lamoxi l 'en, except the use of  the 
cur rent  ins t i tu t iona l  protocol. On al l  cases, pal l ia t ive 
chemotherapy was used after local rehipse in patients 
w i th  good or regular  general cornel|lion. All ch i ld ren 
comple ted  the whole  radiotherapy treatment. 
Patients were  divided ill 4 Inaill groups,  accol 'dil lg to 
received t r e a l m e l l t :  

Group 1: rad io therapy  alone (4 patients);  
Group 2: radiat ion and chenmlhe rapy  (5 patients);  
Group 5: radio therapy and tamoxit 'en (TMX) (9 pa- 
tients); 
Group 4: radio therapy,  tamoxiFen and salvage che- 
motherapy  (6 patients).  

4 6  

Stat i s t ica l  a n a l y s i s  

Trea tment  gl 'oups 2, 5 and 4, for the purpose  of statis- 
tical analysis ,  were  cons idered  as a single group (ra- 
d io therapy phls  e i ther  tamoxifen and /o r  chemothera -  
py) and compared to group 1. 
Categorical and non-categor ical  variables, as de- 
scribed above, were analyzed. Gender, ag, e, n t l l l l ber  
(1 or inore) and durath>n o fsy i l l p ton ls  (< 3 n lonths or 
> 3 i l lon lhs) ,  extension of'disease (7 or more than o 
invo lved sites), ue re  considered as c l in ica l  parai l le  
iers. Total dose (54 Gy or less alld ) 54, Gy), dai ly 
fract ion ( I . 8 0 y  or o lher  fraol ior iat ior i) ,  durat ion of 
I rea ln len l  (6 to 8 weeks or more than 8 weeks), and 
c l in ica l  and radio logical  response were considered as 
l rea imenl  parameters. Surv ival  was ooilsidered the 
end poi hi. 
Data was analyzed tlSil/g Stt ideni- i  lest, Pearsoll Chi- 
sqtlai'e, and Kaplan-IMeier w i th  /o~,-v,'ink lest s t l rv iva l  
curves. Signif icance level of  at least 5% (p < 0,05) was 
assunled, wi th  a 95% conf idence interval .  SPSS (Sta- 
Iisical Package f'or Social Science) sof[lvare %las used 
fbr calculat ion t2. 

R E S U L T S  

There were 8 boys and 16 girls, (male Dmale  ratio 1: 
2), w i th  age rani~ing iron1 1 to 14 years (mean tip 7 
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TABLE 1. Distr ibution of pat ients according to t rea tment  group 

RT RT + CT RT + TMX RT + TMX + CT Total 

Number of patients 4 6 8 6 24 (100%) 
Male 1 2 2 3 8 (33.3%) 
Female 3 4 6 3 16 (66.6%) 
Mean age (years) 5.5 7.7 5.9 8.8 6.9 
Median age (years) 5.5 5.5 5.5 8.5 5.5 
> 1 symptom 3 6 8 5 22 (91.6%) 
Extension 

_< 2 sites 3 4 2 2 11 (45.8%) 
> 2 sites 1 2 6 4 1 3 (54.2%) 

Improvement 3 5 6 6 20 (83.3%) 
Total dose 

_< 54 Gy 2 3 5 6 1 6 (66.6%) 
> 54 Gy 2 3 3 0 8 (33.3%) 

Dose/fraction 
1,8 Gy 4 5 7 6 22 (91.6%) 
other 0 1 1 0 2 (8.4%) 

Duration of treatment 
6-8 weeks 3 4 7 4 1 8 (75.0%) 
> 8 weeks I 2 1 2 6 (25.0%) 

Duration of symptoms * 
< 3 months 4 4 5 5 1 8 (75.0%) 

> 3 months 0 3 3 1 6 (25.0%) 
Mean survival (months) 17 28.17 9.75 13.17 17 
Median survival (months) 14 13 7 11 12 

*0.7 to 16 months. RT: radiotherapy; CT: chemotherapy; TMX: tamoxifen. 

years). The common neurological  signs and symp- 
1OI11S at pl 'esenlalion were alaxia, cranial  nel'ves 
palsies, long tract signs, and increased in t racrania l  
presstlre. Multiple sympton]s were observed in 22 
children (960/0). 
Diffuse pont ine lesions infil trating other brain stem 
segments,  as lhr as the thalamus,  the cerebellopon- 
line peduncle or the cerebellunJ, were the most fi'e- 
quent presentations.  Table 1 presents  patients char- 
acteristics according to groups. 
Twenty-two patients (92%) presertted with more than 
one symptom. Eighteen (75%) patients had symptoms 
thai appeared 3 months  or less betbre cliagnosis and 
20 (83%) received combined treatment.  Analysis of 
categorical da ta  of clill"erent t reatments  v e r s u s  gen- 
der, n t lmber  or dul'ation ot" sylnptoms revealed no 
statistical differences between the groups. Compari-  
son (If" disease extension was also eqtla] between the 
groups. 18/24 (67%) patients completed treatment 
wit]fin 8 weeks and 85.8% (20/24,) had clinical and/or  
radiological improvement .  Also, no statistically sig- 
nifican t differences between the grou ps w as found. 
The studied parameters  were also individually com- 
1)arecl among the treatment groups: radiation ahme 
(RT), radiotherapy plus chemotherapy (RT with CT). 
racliotherapy piLlS tamoxifen (RT with TMX) and ra- 
diotherapy plus talnoxifen i.~lus chemotheral~y (RT 
with CT and TMX) and revealed the tbllowing: 
hninecliate improvelnent  of symptoms and neurologi-  
cal filnction (even dur ing  irradiation) was observed 
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in 84% o f  the c h i l d r e n  c o m p a r e d  to 70% in p r e ~ i o u s  

ser ies  ~. Par t ia l  r e s p o n s e  w a s  o b s e r v e d  in a l l  pa t ie  t]ts, 

most of them with residual  disease at IMB.I. A fiyw pre- 
sented cystic o r  fibrotic images, which could not be 
considered tbr stll'e as complete response. 
Tumor  extension showed no significant differences 
among  the treatment groups, except for patients who 
received TMX vs those who did not (p = 0.05). Pour- 
teen patients received TMX, 10 (71.4%) had extensive 
disease, i. e., more than 2 involved sites. Seven out of 
10 (77%) patients who did not receive TMX had 
smaller  tumors,  confined to 2 sites only. 
Mean survival was 17 months. Children who pre- 
sented symptoms fi)r less than 5 months before diag- 
nosis ha(t a median survival  of 10 months,  against 16 
months  fi,r the others (p = 0.7). Neither the clinical 
pa ra meters (ge n de r, a ge, num be r of sy m prom s, cl u ra- 
tion of symptoms and extension of the disease) nor  
the technical  pa, 'ameters (total close, daily f,'actions, 
duration of radiotherapy, and clinical and radiologi- 
cal response) had inl luenced survival. Pour patients 
were alive with a mean follow-up of 54.2 months  
(range: 4 to 104 months). All of them ,'eceived com- 
bined treatment:  RT anti TMX (5 patients) and RT 
and CT (1 patient). Radiation dose was greater than 
54 Gy in 5 of these patients. 
The mean survival time according to treatment was 
also studied. Correlat ion of radiation dose, CT and 
TMX with survival  showed no statistically significant 
differences in any of the studied grcmps. Analyzing 
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Fig, 1. Overall  survival, 

the survival e()nsiderin~, the difl'erent treatment coin- 
binations, also no) statistically significant differences 
were |})lind. Figure 1 presents o~erall survival  for all 
groups. 

D I S C U S S I O N  

Diffuse brain stem t/llllf)rs al'e i'ill'e and have a very 
poor outcome, with 5.9 naonths nledian survival for 
untreated patients and 9 months for irradiated pa- 
tients. Prognosis is based inai i l ly  on age, disease ex- 
lent and duration ofsyl l lplol l lS $'lf. 
In our study, all patients had diffuse brain stenl tu- 
mors and less than 14 years. Radiation therapy was 
offered as the main t reatment  option, associated or 
not with other therapeutic alternatives. Clinical re- 
sponse was observed in 8-4,010 r)[" otlr population ton i -  
pared to approximately 70% in other series ~, and 
briefly followed by signs of progressive disease. 
In this series, chi ldren with syrnptonls Ibr more thail 
5 months had a survival benelit greater than 50% as 
conlpared to tile group whose syinph)ins duration 
was less than 5 months. None o|'the studied paranle- 
lers were correlaled 1o OtllCOnle. This may character- 
ize a less aggressive and slow growing l t l l l lor  associ- 
ated with longer duration of synlpt{)lllS. Silllilar 
correlation was observed in larger trials, which we 
considered not comparable with our results, since all 
types of brain stem tumors  were inchided in these 
studies, not only the diffuse ones, whose prognosis 
are even worse ~)'~*. 
At least 5 of the ~ analyzed children presented long 
term survival.  They received combined h'eahnent,  
but when compared t() radiation alone, no differences 
were observed. Tile only significant factor associated 
to treatment was related to patients who did or not 
receive TMX. A larger nulnber (:)f patients wil ] l  inosl 

extensive disease had TMX c . m b i n e d  in their treat- 
lnent. 
Since this is a retrospective study, probably a bias 
was created in survival  analysis eorrehlted with 
treatnlent:  children with bad prognostic factors re- 
ceived more aggressive treatillent. 
Treatment  of difl'use brain stem ttlnlors is not yet 
well delhled. The bad prognosis  correhited to the dis- 
ease leads to the use of many therapeutic alterna- 
tiles, ill order to improve local control and survix al. 
Hyperfractionated radiotherapy, at th'st, showed pro- 
rnising results, but failed to demonstrate  survival im- 
provemenl.  The Pediatric Oncology/ Group compared 
54 Gy (1.8 Gy/day) with 70.0 Gy (1,17 Gy bid). No dif- 
llerences in survival were observed between the 2 
groups m'~5. Neither the association with chemothera-  
py nor high-dose tamoxilVn showed improvement in 
quality of life and survival. Until now, treatment op- 
tions f'or children with brai n siena lunlors are still as- 
sociated with very poor outoonle Ifi-h"l, 
In a pilot study, 52 children with diffuse brainstem 
gliomas received escalating doses of beta-interli~ron 
dur ing  and tip to 6 weeks after the end of hyperfrac- 
tionated ltT at a dose of 7 ~ Gy. Long-term survival  
remained less than 10%. No benefit was observed 'L 
The use of temozolomide, an oral alkyhlt ing agent 
that penetrates tile blood-brahl barrier, insph'ed ntl- 
merous invesiigalional trials in brain gliomas, l)e- 
spite the ini ihl l  enthtlsiasm, tile impact of lemozolo- 
mide in pediatric, either progressive low grade or 
high grade gliomas, remains  to be demonstrated 2~ 
In a recent study of Broniseer et al, children with 
newly diagnosed diffuse brainstenl  gl iomas received 
conventional ly fractionated radiotherapy fiHIowed, r 
weeks after radiation, by 5-day temozolomide for a 
total of 6 cycles. The association of telnozolomide in 
these patients did not alter their poor prognosis. All 
died of progressive disease, with median survival of 
12 naonths 25. 

Median survival of 12 inonihs, with mean survival or 
17 nlonths observed in Otll" patients may be consid- 
ered quite belier than other reports, which also con- 
sider both dill'use anct localized brain stem ltlmors. 
Although not significant, children treated ~ i th  higher 
doses of radiotherapy, or who were selected for CT or 
did viol receive TMX, presented belier mean Stli'l ival 
l ime than the oi l ier groups. Howeler ,  patient selee- 
lion could explahl these results, where children with 
better perforl l lance status and smaller tumors pre- 
senled a betler OtllCOFlle. 
Our results indicate ttmt irradiation alone of diiTuse 
brain stenl tunlors may achieve, at least, shnilar out- 
C()lne of those patients h'eated with associaled lnodali- 
ties. No benetlls were observed with coinbhied h'eat- 
ment when conlpared to radiation alone, The indJcation 
ofcolnbined lqT and TMX was significantly higher in 
more extensive disease and was used in lllOSl o|" tile 
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]nng-terin surviwn's. Perhaps, the sinall nuniber ~|" 
palierlts impaired the achievernerit o|" statistical sig,- 
nificant differences all'loilg file olher analyzed para- 
l l l e l t ~ r s ,  

The ~ery poor proK.nosis of children with diffuse 
brahl slenl lUlnOrs inviies the tlse o|'novel approach- 
es, which iric]ude illOl'e aggressive li'eatn~ei~l pro- 

gl'~llllS, Since i l l l p r o v e l l l e l l l  o | "  s y l l l p [ O l l l S  r b e  ( i b -  

lained wilh standard radiotherapy, and no survival 
benefil  has I)een demons t ra ted ,  until ilOW, ~viih other  
strategies, it is obviously hnporlanl  to avoid jeopar- 
dizing the quality of li[~ in the few months  fi~llowing 
treatment. New strategies are needed, but still inves- 
ligationa]. 
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