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the running of all trials within the institute. The knowledge 
that a site visit could occur should encourage closer protocol 
adherence and better standards of data management. Such a 
programme can only improve the credibility of clinical trials. 
Its development could be hastened if peer-reviewed journals 
insisted that consideration of papers for publication be depend- 
ant on agreement by centres to a programme of random checks by 
an independent Quality Assurance Group. The most important 
result of such a development should be improved standards of 
care for patients with cancer. 
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76 pa t i en t s  wi th  high r isk  n e u r o b l a s t o m a  were  t r e a t e d  with  one  (41 pa t i en t s )  or  two c o n s e c u t i v e  c o u r s e s  (35 
pa t i en t s )  o f  m e g a t h e r a p y .  A u t o l o g o u s  bone  m a r r o w  t r a n s p l a n t a t i o n  was  s c h e d u l e d  a f te r  e a c h  m e g a t h e r a p y .  
Un iva r i a t e  ana lys i s  con f i rmed  two p r o g n o s t i c  f ac to r s  in this  h e t e r o g e n e o u s  s tudy  popu la t i on :  no  bone  les ions  
be fo re  m e g a t h e r a p y  and  age at  d i agnos i s  o f  less  than  2 y e a r s  with 5-year  p r o g r e s s i o n - f r e e  surv iva l  r a t e s  o f  51% 
( P  < 0.0007) and  53% ( P  < 0.025), r e spec t ive ly .  Both  f ac to r s  were  shown  to be  o f  i n d e p e n d e n t  p rognos t i c  
s ign i f icance  us ing  the  Cox  p r o p o r t i o n a l  h a z a r d  mode l .  Iden t i f i ca t ion  o f  p rognos t i c  f ac to r s  shou ld  he lp  to def ine 
the  in t e re s t  and  fimits o f  m e g a t h e r a p y .  W e  c o n s i d e r  tha t  e lec t ive  m e g a t h e r a p y  fo l lowed  by innova t ive  t r e a t m e n t s  
a p p e a r s  jus t i f ied in p a t i e n t s  wi th  pe r s i s t i ng  bone  d i s ea se .  In  con t r a s t ,  m e g a t h e r a p y  has  to  be  r e - e va lua t ed  for  
pa t i en t s  showing  a m o r e  f a v o u r a b l e  r e s p o n s e  p a t t e r n  and /o r  young  age ,  ideal ly  in a r a n d o m i s e d ,  p r o s p e c t i v e  trial .  
E u r J  Cancer, Vol. 29A, No .  7, pp .  947-956,  1993. 

INTRODUCTION 
NEUROBLASTOMA is the most common childhood solid tumour 
before the age of 5 with a prognosis closely related to disease 
extension and age at diagnosis. In 30% of the cases neuroblas- 
toma presents as localised disease (stage 1,2 and 3); the prognosis 

Correspondence to T. Philip. 
T. Philip, R. Ladenstein, E. Bouffet, I. Philip, M. Brunat-Mentigny 
and P. Biron are at the Bone Marrow Transplantation Department; C. 
Lasset and F. Chauvin are at the Biostatistic Department; and M. Favrot 
and V. Combaret are at the Immunology Laboratory, Centre L~on 
B&ard, 28 rue laennec, 69373 Lyon, cedex 08, France. 
Revised 17 Aug. 1992; accepted 21 Sep. 1992. 

EJC 29:?-C 

is generally good with survival rates ranging from 40 to 90% and 
is influenced by the degree of local disease extension and the 
quality of surgical excision [ 1-3]. In 5% of cases, neuroblastoma 
is observed in infants of less than 1 year of age with a very 
particular disease pattern (stage 4s); although these patients 
present with metastatic spread to liver, skin and bone marrow 
but without bone lesions, the survival is more than 80% at 5 
years [4, 5]. In contrast, 65% of neuroblastomas present at 
diagnosis as high-risk stage 4 metastatic disease involving most 
frequently bone marrow and bones. Major efforts have been 
undertaken to improve their prognosis. Historical control groups 
had a survival expectancy of only 10% at 3 years with conven- 
tional multimodality treatments [6-8]. More intensive induction 
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treatments [9-14] as well as megatherapy followed by bone 
marrow transplantation (BMT) [ 15-19] have been introduced to 
therapy schedules during the past decade. Overall survival now 
reaches 45% at 2 years but decreases to 20% at 5 years due to late 
relapses [17, 18]. 

Integration of biological parameters such as N-myc amplifi- 
cation, DNA ploidy, lactate dehydrogenase (LDH), ferritin 
and neuron specific enolase (NSE) appear to further modify 
prognosis within previously identified prognostic groups such as 
age or disease extension. These factors are at the centre of 
interest in ongoing studies which either try to further define the 
impact of such factors within a given treatment strategy in a 
prospective manner, or aim to eliminate their impact on prog- 
nosis by risk-adapted treatments. 

76 patients had been treated at the Centre Lton Btrard (CLB) 
by megatherapy followed by BMT between July 1982 and 
October 1990. It is currently difficult to define the group of 
patients who benefit from such aggressive therapy. Biological 
parameters as outlined above are not yet available in a sufficient 
number of patients. However, the identification of clinical 
prognostic factors in patients treated with megatherapy, as 
shown in this series, should help to define the interest and limits 
of megatherapy for the time being and to discuss new therapeutic 
strategies. 

PATIENTS AND METHODS 
From July 1982 to October 1990, 76 high-risk neuroblastoma 

patients (47 males, 29 females) received one or two courses 
of megatherapy in our institute followed by BMT. Patients 
considered to be at risk in terms of long term survival were 
patients with stage 4 disease over 1 year of age at diagnosis as well 
as treatment failures including relapse or disease progressions of 
stage 1 to 4 neuroblastoma. 

Patients' characteristics ar~ treatment inclusion criteria. 
33 patients had been treated from diagnosis at the CLB 

with standardised induction therapy, surgery and megatherapy 
followed by BMT as consolidation therapy. A second group of 
43 patients is more heterogeneous in terms of pre-megatherapy 
treatment and/or disease status at megatherapy. Most of them 
had been pretreated elsewhere and were referred to our centre for 
megatherapy only due to our specialisation in such a therapeutic 
approach. This group thus includes stage 4 neuroblastoma 
referred in complete response (CR) or partial remission (PR) 
after first line therapy (10 patients), stage 4 neuroblastoma 
referred due to delayed response to second or third line therapy 
(19 patients) and metastatic or localised neuroblastoma in relapse 
(14 patients). The different therapeutic protocols and the main 
characteristics of the patients in each treatment group are 
described in Tables 1 and 2. Details of initial disease presen- 
tation, pre-megatherapy disease status, response and follow-up 
are summarised in Table 3. Parents of all children gave informed 
consent according to the laws for clinical research in France 
and other countries. The LMCE protocols were reviewed and 
approved by the "Comit6 d'Ethique de l'Universit6 Claude 
Bernard" at Lyon in France. 

The LMCE1 multicentre protocol (Lyon, Marseille, Institut 
Curie, East of France) was initiated in September 1982 and was 
closed in March 1987. Results have been published in detail 
elsewhere [17], and we will consider here only the 18 CLB 
patients. All patients had stage 4 neuroblastoma at diagnosis and 
were eligible for this single megatherapy protocol after achieving 
CR or PR status with first line induction treatment. 

The LMCE2 study, also initiated by the LMCE group, was a 
pilot study conducted from April 1985 to August 1988 to test the 
efficacy of a double megatherapy procedure and involved a 
selected group of 27 high risk patients at the CLB who were not 
eligible for the LMCE1 study [20]. 17 patients had stage 4 
neuroblastoma with only minor response to first line therapy and 
10 were in relapse from stage 3 or 4 neuroblastoma. All patients 
received second line treatment (or more) including etoposide, 
cisplatin or carboplatin in an attempt to improve their response 
status before inclusion in the megatherapy protocol. 

The LMCE3 study was initiated in March 1988 and is built 
on the experience of the previous protocols (LMCE1 and 
LMCE2). 15 patients were included at the CLB up to October 
1990. Induction is of shorter duration than in the LMCE1 
study and megatherapy was given as consolidation treatment. 
According to response status patients in CR or very good 
partial remission (VGPR) are consolidated with one megatherapy 
whereas PR patients received repeated megatherapies [19]. 

Another group of 16 patients had only one megatherapy. They 
had all been referred to our institute for this consolidation 
treatment. 12 patients had stage 4 neuroblastoma; first line 
induction therapy was thus different but well defined [10-13]. 4 
patients were treated in relapse either from stage 4 neuroblas- 
toma (1 patient) or stage I or 2 disease (2 patients); the last 
patient in relapse from stage 3 neuroblastoma had progressive 
disease at the time of megatherapy. 

Staging of disease and response 
Disease assessment of patients received at our centre at 

diagnosis included abdominal and chest computed tomography 
(CT) scans and ultrasounds of the primary tumours. Bone 
disease was evaluated until the end of 1985 with 99Tc scans  

only (28 patients) and was consecutively replaced by meta- 
iodobenzylguanldine (mIBG) scans. 17 patients had both, 99Tc 
scans and mIBG scans, whereas in the more recent patients 
(n=22) only mIBG scans have been performed. Assessment of 
bone marrow included four aspirates and four core biopsies from 
the anterior and posterior iliac crest. Measurement of urinary 
catecholamine metabolites (VMA and HVA) was also perfor- 
med. Before megatherapy, all patients were re-evaluated by a 
full diagnostic work-up regarding residual tumour size, urinary 
catecholamine excretion, bone lesions and bone marrow infil- 
tration by diagnostic means as outlined above. At this time 99Tc 
scans were performed in 19 patients, mIBG scans in 33 and 14 
had both. Improved, single residual hot spots on 99Tc scans have 
been biopsied to rule out active disease. Staging was performed 
1-2 weeks before megatherapy, 2-3 months after megatherapy 
and thereafter every 6 months or whenever progression or 
relapse was suspected. Applied response criteria have been 
published in detail previously [21]. 

Before entering the megatherapy programme 54 patients (19 
in the single procedure and 35 in the double approach) had 
measurable disease and were thus evaluable for response. 22 
patients with CR and VGPR pre-megatherapy were not evalu- 
able. Neither were early toxic deaths considered for response 
rates since complete post-megatherapy staging was not done in 
most of them. 

Bone marrow harvest 
A total of 111 bone marrows (107 autologous and 4 allogeneic) 

reinfusions were performed. Autologous bone marrows (n= 107) 
(harvest 1 =75, harvest 2=32) were evaluated according to CLB 
standards [22] using both cytological and double fluorescence 
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Table 1. Patients' characteristics and treatments 

LMCE 1 LMCE2 LMCE3 Others Total 

Patients' number 18 27 

Boys I 1 17 
Girls 7 10 

Median age at diagnosis 36.5 50 
(range, months) (16-93) (8-187) 

Median age at first graft 50 76 
(range, months) (20--102) (18-223) 

Median time interval from 7 15 
diagnosis to BMT (range, (3-11) (4-80) 
months) 

Stage at diagnosis: 
1,2, or3 0 
4 18 

Pregraft therapy: PE/CADO x 2 
First line treatment 

Second (or third) line 
treatment 

Megatherapy 

15 16 76 

7 12 47 
8 4 29 

45 38 44 
(14-116) (11-296) (8-296) 

49 52 54 
(15-120) (25-315) (15-315) 

4 12 
(4-7) (4-89) 

4 1 3 
23 14 13 

Heterogeneous* VP16-CDDP/ Heterogeneoust 
radiochemo CADO × 2 radiochemo 

surgery therapy (+- G CSF) therapy 
-+ surgery surgery -+ surgery 

PE/CADO x 2 
VP16--CDDP x 2 
(VP16--CBDCA × 2) 

VCR L-PAM TBI BCNU VM26 CDDP CR as LMCE1 Heterogeneous1: 
(or CBDCA) PR as LMCE2 megatherapy 
BMT1 (+- GM CSF) 

BMT BMT 
VCR,L-PAM,TBI 
BMT2 

8 
68 

Pregraft treatments: PE/CADO: Cisplatin (CDDP: 100 mg/m 2, day 1) and tenioposide (VM26:160 mg/m 2, day 3) followed 
by cyclophosphamide (CYC: 300 mg/m 2, days 1-5), doxorubicin (DXR: 60 mg/m 2, day 5) and vincristine (VCR: 1.5 
mg/m 2, day 1 and 5) [9]. VP16-CDDP (-CBDCA): Etoposide (VP16:100 mg/m 2, days 1-5) and cisplatin (CDDP: 40 
mg/m 2, days 1-5/or: CBDCA: 200 mg/m 2, days 1-5) [11]. 
*LMCE2: Different multicentre protocols used as first line treatments: D-NB 85 [12]/3 patients, AEIOP 85/2 patients 
[27], N4SE [10]/2 patients, ENSG 3C [13]/1 patients, PE/CADO [9]/1 patient and 4 patients had different other 
pretreatments. 
tOthers: pretreatments: F-NB87 [19]/3 patients, ENSGI [16]/2 patients, D-NB85/2 patients, AEIOP/I patient, F-NB84 
[9]/1 patient and other multiagent chemotherapies/4 patients. :~For details see statistical methods. 

analysis of the bone marrow before and after the purging 
procedure; bone marrows were purged in 91/107 of the cases 
(84%). Eighty-nine (harvest 1=62, harvest 2=27) were purged 
with the immunomagnet ic  depletion procedure as previously 
published [23]. Two marrows (harvest 1 and 2) were purged with 

Table 2. M egatherapy regimens used in the LM CE1, 2 and 3 studies 

-7  -6  -5 -4  -3  -2 -1 0 

VCR 1.5 mg/m 2 
0.5 mg/m 2 

L-PAM 180 mg/m 2 
TBI 2 x 2 Gy* 
ABMT 

BCNU 300 mg/m 2 
VM26 250 mg/m 2 
CDDP or 40 mg/m 2 
CBDCA 250 mg/m 2 

X 

X X X X 

// // 

X X X X 

X X X X X 

X X X X X 

X 

X 

*Lung protection at 10 Gy 

6 0 H - D O P A .  Sixteen (harvest 1 = 11, harvest 2= 5) autologous 
bone marrows (16%) were reinfused without in vitro treatment. 
AUogeneic bone marrows (n = 4) were harvested and purged with 
a cocktail of T-monoclonal antibody (1 patients of  the group 
"other"  and 3 patients of the LMCE2 study at the second graft). 

M egatherapy regimens 
Megatherapy regimens used in the LMCE1,  2 and 3 study are 

given in detail on Table 2. In the "others" group megatherapy 
regimens were more heterogenous since modifications were 
necessary due to previous treatments. The following combi- 
nations were used: Vincristine (VCR), L-phenylalanine mustard 
(L-PAM), total body irradiation (TBI) (7 patients); L-PAM, 
carboplatin (CBDCA) (5 patients); L-PAM,  CDBCA, teniposide 
(VM26) (1 patient); carmustine (BCNU), cisplatin (CDDP) (1 
patient). 

All patients were treated under simple reverse barrier isolation 
conditions. Right venous double lumen catheters were inserted 
in all patients and all patients received parenteral feeding. 
Platelet transfusions and red cell concentrates were administered 
when indicated. All blood products were irradiated with 25 Gy 
before transfusion. Prophylactic oral non-absorbable antibiotics 
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Table 3. (a) Patients' characteristics at diagnosis, disease status before megatherapy, response and follow-up 
(single megatherapy) 

Diagnosis Treatment  Status at MGT I 

No. Age Sex Stage Pri. Tu.  Meta. LMCE Surg. Stbl B O Cat. Stal Follow-up 

1 5 0  F I V  A B 1 PT1 CR - - - CR D O D  
2 93 M IV A BO 1 PT3A CR - - - NE D O T  
3 81 F IV A BO 1 PT1 CR - - - CR D O T  
4 51 M IV A BO 1 PT3A VGPR - + - CR D O D  
5 37 M IV AT BO 1 PT1 VGPR - + - NE D O T  
6 35 M IV T BOH 1 PT3B VGPR - - - PR D O D  
7 17 M IV A BO 1 PT3A VGPR - + - NE D O T  
8 33 M IV T BO 1 PT1 V G P R -  + - VGPR D O D  
9 16 M IV A BOH 1 PT1 PR - + - CR A D F  

10 49 F IV A BO 1 PT3A PR + + - CR D O T  
11 49 F' IV / BOH 1 / PR - + + CR D O D  
12 83 F IV A BO 1 PT1 PR + + 4- SD AIR 
13 43 M IV A BOH 1 PT1 PR - + - SD D O D  
14 23 M IV A BON 1 PT3B PR + + - PD D O D  
15 34 M IV A B 1 PT3A PR + - - CR A D F  
16 36 F IV A BON 1 PT3B PR - 4- 4- PD D O D  
17 18 F IV A BOC 1 PT3B PR + + - PD D O D  
18 16 M IV A BH 1 PT1 PR - + - CR D O D  
19 36 M IV A OAH 0 PT1 CR - - - died D O T  
20 18 F IV A OH 0 PT3A CR - - - CR A D F  
21 15 M IV A BH 0 PT3A CR - - - CR A D F  
22 246 M IV T BO 0 / CR - - - CR A D F  
23 71 F IV A B O H N  0 PT3A V G P R -  4- - VGPR D O D  
24 23 M III AT / 0 PT3A VGPR - - - CR A D F  
25 31 M IV A BOH 0 PT1 PR + - - CR D O T  
26 42 M IV / BONL  0 / PR + - - PR D O T  
27 296 M IV A BON 0 PT3B PR - + 4- SD A W D  
28 25 M III A / 0 PT3C MR - + / PD D O T  
29 38 F IV A BON 0 PT1 MR + + - PR AIR 
30 21 F IV A OA 0 PT3B MR - + + SD A W D  
31 86 M I O / 0 / S R  - + - SD D O D  
32 63 M II A / 0 PT1 RR + + - SD D O D  
33 159 M II T N 0 / RR - + / SD D O D  
34 106 M IV T BO 0 PT3B R + + - died D O D  

were  g iven.  Febr i l e  ep i sodes  were  p r o m p t l y  t rea ted  w i th  b road  

s p e c t r u m  i n t r a v e n o u s  ( i .v .)  an t ib io t ics .  

Statistical methods 
Sex,  age ,  surg ica l  r e su l t s ,  qua l i ty  and  s i tes  o f  r e s p o n s e ,  

t r e a t m e n t  g r o u p s ,  t r e a t m e n t  i n t ens i t y  (s ingle  ve r su s  doub l e  

m e g a t h e r a p y )  and  type  o f  d i agnos t i c  m e t h o d s  u s e d  to eva lua te  

bone  d i sease  were  ana l y sed  for the i r  i m p a c t  on  overal l  su rv iva l  

and  p rogres s ion - f r ee  surv iva l  (PFS) .  T h e  n u m b e r  o f  pa t i en t s  

wi th  da ta  avai lable  on  N-myc was too smal l  for eva lua t ion  in th is  

analysis .  P robab i l i ty  o f  su rv iva l  was  ana l y sed  acco rd ing  to 

the  K a p l a n - M e y e r  m e t h o d  and  overal l  su rv iva l  cu rve s  were  

c o m p a r e d  u s i n g  the  log - r ank  tes t  [24]. A m u l t i v a r i a t e  r eg re s s ion  

m o d e l  (Cox p ropor t iona l  h a z a r d s  r eg re s s ion  m o d e l )  t a k i n g  in to  

accoun t  the  d i f fe ren t  po ten t ia l  p rognos t i c  var iab les  s i m u l -  

t aneous ly  and  deve loped  for  c e n s o r e d  da ta  was  u s e d  to d e t e r m i n e  

the  m o s t  i m p o r t a n t  r i sk  fac tors  for  surv iva l  [25]. T h e  da te  o f  

bone  m a r r o w  r e in fu s ion  was  a s s u m e d  as m o r e  accura te  t h a n  the  

da te  o f  d i agnos i s  for  m e a s u r e m e n t  o f  m e g a t h e r a p y  i m p a c t  on  

p r e - m e g a t h e r a p y  d i sease  s t a tu s  in a h e t e r o g e n e o u s  pa t i en t  g r o u p  

wi th  d i f fe ren t  l e n g t h s  o f  p r e t r e a t m e n t s .  Overa l l  surv iva l  i nc ludes  

all causes  o f  d e a t h  (d i sease- re la ted ,  toxic dea ths ) ,  P F S  ind ica tes  

the  in te rva l  b e t w e e n  da te  o f  bone  m a r r o w  r e i n f u s i o n  in  t he  s ingle  

graf t  or  the  first g raf t  in  the  d o u b l e  graf t  p r o c e d u r e  a n d  the  t i m e  

to d o c u m e n t  p rog re s s ive  d isease ;  toxic i ty  re la ted  d e a t h s  are  n o t  

r ega rded  as an  e v e n t  o f  p rog re s s ion .  

R E S U L T S  

T h e  g r o u p  of  76 pa t i en t s  ach ieved  an  overal l  surv iva l  o f  35% 

at 2 years  a n d  o f  24% at 5 years .  T h e  P F S  was  40% at 2 years  a n d  

28% at 5 years ,  r e spec t ive ly  (Fig .  1). Fo r  t he  62 pa t i en t s  t rea ted  

in first  r e m i s s i o n  the  P F S  was  41% at 2 years  a n d  30% at 5 years .  

Treatment groups 
R e s p o n s e  to m e g a t h e r a p y  a n d  fo l low-up  of  pa t i en t s  are  

de ta i led  in T a b l e  3. Overa l l  a n d  p r o g r e s s i o n - f r e e  su rv iva l s  (PFS)  

are  s u m m a r i s e d  in T a b l e  4 for  the  d i f f e ren t  t r e a t m e n t  g r o u p s  

and  ind ica tes  the  absence  o f  s igni f icant  va r ia t ions .  P r o c e d u r e -  

re la ted  toxic d e a t h s  are  s u m m a r i s e d  in T a b l e  5. 

T h e  r e s p o n s e  to m e g a t h e r a p y  was  44% in the  L M C E 1  g r o u p  

(n = 18). P r o c e d u r e - r e l a t e d  d e a t h s  o c c u r r e d  in 4 pa t i en t s  (22%).  

T h e  m e d i a n  pos tg ra f t  fol low u p  o f  th is  g r o u p  is 84 m o n t h s  

( r ange ,  5 5 - I  12 m o n t h s ) .  

T h e  L M C E 2  g r o u p  ( n = 2 7 )  s h o w e d  a r e s p o n s e  rate  o f  59% to 
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Table 3. (b) Patients' characteristics at diagnosis, disease status before megatherapy 1 and 2, response and follow-up (repeated 
megatherapy) 

No. 

Diagnosis Treatment  Status at MGT 1 Status at MGT2 

Age Sex Stage Pri. Tu .  Meta. LMCE Surg. Stbl B O Cat. Stal Stb2 B O Cat. Sta2 Follow-up 

35 150 M III A / 2 PT3A CRR CR SR CR ADF 
36 67 M ? A ? 2 PT1 SR / PD SR PR DOD 
37 26 M IV A ON 2 / SR CR SR CR DOD 
38 36 M III A N 2 PT3B SR PR SR PR D O T  
39 187 M IV A B O N L  2 / SR - + - SD SR - + - NE D O T  
40 8 F IV A BO 2 PTI  SR SD SR CR DOD 
41 37 M IV A B 2 / SR CR SR CR D O T  
42 136 F IV A P 2 PT1 SR + CR SR NE D O T  
43 71 M IV A BO 2 PT3 RR + + - PR SR - + - PR A D F  
44 70 M III A / 2 PT3A RR PR SR CR ADF 
45 36 F IV A BON 2 PT1 CR CR CR CR DOD 
46 57 F IV / BOH 2 / PRm + + / PR PR - + - CR DOD 
47 81 M IV A O 2 PT1 PRm - + - PR PR - + - SD DOD  
48 97 M IV A BO 2 / PRm + + + SD PR + + + SD DOD  
49 34 M IV A BO 2 PT1 PRm + - + CR CR CR A D F  
50 46 F IV A BO 2 PT3B PRm + PR PR + NE AWD 
51 94 F IV A BO 2 PT3C PRm + + / SD PR + + - PR DOD 
52 74 M IV A B O N H L  2 PT3C PRm + + + PR PR + - + PD DOD  
53 50 M IV A BO 2 PT3A PRm + SD PR + SD D O T  
54 15 F IV A NV 2 PT3B PRm PR PR PR AWD 
55 19 M IV A BO 2 PT3A PRm + + - PR PR - + - R DOD 
56 88 F IV A BO 2 / PRm PR CR CR DOD  
57 26 M IV A BO 2 PT3B PRm + + - PR PR - + - PR DOD 
58 27 M IV A BO 2 PT3C PRm + + + PD DOD 
59 60 F IV A BON 2 PT3B PRm + PR PR PR AWD  
60 23 F IV A BON 2 PT1 PRm SD PR CR ADF 
61 48 M IV A BON 2 PT1 PRm + NE CR NE ADF 
62 51 M IV A BO 3 PT 1 CR CR AI R 
63 17 F IV A B 3 PT3B CR CR CR CR ADF 
64 11 F IV A BON 3 PT1 V G P R -  - - CR DOD 
65 45 F IV A BN 3 PT3B V G P R -  - - NE DOD 
66 24 F IV T O 3 PT3B V G P R -  - - NE AWD 
67 83 M IV A BO 3 PT3A V G P R -  - - VGPR AWD 
68 36 M IV A BON 3 PT3A PR + + + SD AWD  
69 37 M IV A B OHN 3 PT3B PR - + - PR PD + PR DOT 
70 57 M IV A BON 3 PT3B PR + - + SD PR + - / SD AIR 
71 14 F IV A BON 3 PT3B PR + PR CR + CR A D F  
72 116 F IV A BON 3 PT3A PR + + + PR PR + - + PR D O T  
73 47 M IV A BON 3 PT3B MR + + + MR AWD 
74 41 F IV A BNS 3 PT3B MR + - + PR PR + PD DOD 
75 62 F IV A BON 3 PT3B MR + + + SD MR + + + PR DOD  
76 50 M IV A BONS 3 PT1 MR + + + PR PR + + + PR D O D  

M: male, F: female, A: abdominal primary tumour,  T: thoracal primary tumour,  B: bone marrow, O: bones, N: lymph-nodes, L: lung 
metastases, H: Hutchinson 's  Syndrom, V: liver metastases; S: malignant cells in the peripheral blood, Surg: surgery, PTI :  complete surgical 
resection, PT3A: microscopic tumour  residual, PT3B: macroscopic tumour  residual, PT3C: surgical removal impossible or biopsy only, Stb/Sta: 
status before/after megatherapy, Cat: catecholamines, CR: complete remission, VGPR: very good partial remission, PR: partial remission, PRm: 
delayed partial remission (previous minor response), MR: minor response, SR: sensitive relapse, RR: resistant relapse, UR: untreated relapse; 
SD: stable disease, DOD:  dead of disease, DOT: dead of toxicity, ADF: alive disease free, AWD: alive with disease, AIR: alive in relapse. 

m e g a t h e r a p y  1 w i th  a C R  ra te  o f  18.5%. 1 pa t i en t  d ied  wi th  

p rogres s ive  d i sease  before  m e g a t h e r a p y  2 . 2 6  pa t i en t s  rece ived  a 

second  B M T  p r o c e d u r e  ( au to logous :  23 cases /a l logeneic :  3 cases)  

af ter  a m e d i a n  in te rva l  o f  3 m o n t h s  ( r ange ,  2 - 6  m o n t h s ) .  A t  th is  

t ime  pa t i en t s  p r e s e n t e d  w i t h  a d i sease  s t a t u s  as fol lows:  6 C R ,  18 

P R ,  2 p rog re s s ive  d i sease  (P D) .  5 pa t i en t s  still h a d  posi t ive  bone  

m a r r o w s ,  8 pos i t ive  bone  m e t a s t a s e s  a n d  2 e leva ted  ca t echo l am-  

ines  excre t ion .  T h e  overal l  r e s p o n s e  rate  af ter  two p r o c e d u r e s  

was 74% wi th  a final C R  rate  o f  33 .3%.  T h e  m e d i a n  follow u p  

s ince  m e g a t h e r a p y  1 is 62 m o n t h s  ( range ,  34-85  m o n t h s )  at the  

t ime  o f  analys is .  

T h e  L M C E 3  g r o u p  (n = 15) i n c l u d e d  7 pa t i en t s  in C R  or  

V G P R  af ter  i n d u c t i o n  t h e r a p y ;  t h u s  they  h a d  a s ingle  m e g a t h e r -  

apy  p r o c e d u r e  on ly  a n d  were  n o n - e v a l u a b l e  for  r e sponse .  In  th is  

t r e a t m e n t  a r m  no  d isease  p rog re s s ions  or  toxici ty re la ted d ea th s  

occur red .  8 pa t i en t s  wi th  P R  s t a tu s  af ter  first l ine t r e a t m e n t  

en t e r ed  the  doub l e  m e g a t h e r a p y  a rm .  T h e  r e s p o n s e  rate to 

m e g a t h e r a p y  I was  50%. N o n e  was i m p r o v e d  to C R  or  V G P R .  5 
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Fig. 1. Overall and progression free survival of 76 patients treated at the CLB. 

Table 4. Univariate analysis of possible prognostic factors 

Object of analysis 

No. % Overall % Progression 
of survival free survival 
pts 2 (5) years 2 (5) years 

S e x  

Boys 
Girls 

At diagnosis 
Age < 2 years 
Age i> 2 years 

Bone lesions positive 
vs. negative at diagnosis 

Marrow positive 
vs. negative at diagnosis 

Surgery in 1st remission (62 patients) 
Complete resection 
Microscopic residual 
Macroscopic residual 
Biopsy/no surgery 

Response before MGT 
Complete remission 
Very good partial response 
Partial remission 
Minor response 
After relapse 

Bone lesions positive 
vs. negative before megatherapy 

Marrow positive 
vs. negative before megatherapy 

Treatment groups 
LMCE 1 
LMCE 2 
LMCE 3 
Others 

Single grafts 
vs. double grafts 

47 36 (18) NS 38 (23) NS 
29 33 (33) 38 (38) 

16 69 (49) S 73 (53) S 
60 27 (19) P = 0.017 27 (22) P = 0.025 

56 31 (17) NS 33 (23) NS 
20 39 (39) 56 (48) 

59 32 (21) 35 (27) NS 
17 45 (nr) 52 (nr) 

22 41 (23) NS 42 (28) NS 
15 38 (36) 59 (47) 
19 51 (36) 44 (36) 
4 25 (nr) 25 (nr) 

9 44 (nr) NS 62 (nr) NS 
11 12 (nr) 22 (nr) 
34 47 (29) 46 (35) 

8 nr nr 
14 21 (nr) 34 (nr) 

38 22 (7) S 22 (4) S 
38 44 (41) P =  0.015 51 (51) P =  0.0007 

31 25 (22) NS 34 (27) NS 
45 36 (26) 48 (40) 

18 33 (17) NS 43 (21) NS 
27 37 (33) 42 (38) 
15 33 (nr) 26 (nr) 
16 22 (nr) 34 (nr) 

41 30 (19) NS 35 (23) NS 
35 37 (31) 42 (38) 

No. of pts: number of patients, NS: non significant, S: significant. 
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Table 5. Toxic deaths 

LMCE 2 LMCE 3 
n=27 n=15 

LMCE 1 Other 
n= 18 MGT1 MGT2 MGT1 MGT2 n= 16 Total 

Sepsis 1 
Interstitial pneumonitis (-+ cardiac arrest) / 
Veno-occlusive disease (+- cardiac arrest) 2 
Haemorrhage / 
No engraftment 1 

Total 4 (22%) 

/ / / 2 2 5 
/ 3 / / / 3 
/ 1 / / / 3 
/ 2 / / / 2 
/ / / / / 1 

6 (19%) 2 (13%) 2 (13%) 14 

MGTI: megatherapy 1, MGT2: megatherapy 2. 

still had positive bone marrows, 2 positive bone lesions and 5 
elevated catecholamines excretion before the second procedure. 
Median interval between megatherapy 1 and megatherapy 2 was 
3 months (range, 3-6 months). The observed response rate after 
megatherapy 2 was again 50% in these patients. The median 
follow up since the single procedure or the first of the double 
procedures is 34 months (range, 17-49 months) at the time of 
analysis. 

In the "others" patient group (n = 16) 6 patients had residual 
disease but none of the patients responded to megatherapy. The 
median follow up was 69 months (range: 18-110 months) at the 
time of analysis. 

Autologous bone marrow harvest 
At first harvest 30 marrows contained malignant cells and 12 

marrows still were positive at the second harvest. After purging, 
none of the autograft samples contained any residual neuroblas- 
toma cells detectable by immunological analysis (detection limit: 
10 -s tumour cells). 

Quality of bone marrows was evaluated at the day of reinfusion 
and showed a median value of 0.71 x l0 s mononuclear (MN) 
cells/kg (range, 0.12-3.83 x 10S/kg) and a median value of 
3.2 x 104 colony forming units (CFU)/kg (range, 
0.1-32 × 104/kg). 

Engraftment 
Engraftment characteristics are summarised in Table 6. The 

delayed recovery of platelets in the LMCE1 and LMCE3 single 
graft patients is comparable with the recovery of  platelets after 
the second graft in the LMCE2 and the double graft arm of the 
LMCE3 study. Nevertheless, engraftment of all cell lineages 
was in general slower with the second of two grafts. No major 
difference in engraftment characteristics was observed in the 
aUogeneic patient group. 

Univariate and multivariate analysis of possible prognostic factors 
The results of this analysis are detailed in Table 4. Only 

residual bone metastases before megatherapy (Fig. 2) and age at 
diagnosis of less than 2 years (Fig. 3) influenced outcome 
significantly. In contrast, bone metastases and bone marrow 
involvement at diagnosis did not distinguish any prognostic 
subgroups. 

Analysis of residual metastatic disease, summarising bone 
marrow, bones, lymph nodes and other distant sites before 
megatherapy, clearly demonstrated that residual disease in the 
primary site, in metastatic sites as well as isolated bone marrow 
involvement or positive lymph nodes, were not predictive for 

the patient outcome. In contrast, bone metastases alone are a 
prognostic factor, since in those patients the PFS was of only 4% 
at 5 years (Fig. 2). Comparing actuarial survival and PFS curves 
related to bone metastases according to the applied diagnostic 
method (99Tc scan, mIBG scan, or both) no statistical difference 
was found either at diagnosis or before megatherapy (Fig. 4). Of  
34 patients with residual bone lesions, 5 were classified as VGPR 
(due to one or two residual positive bone lesions); all of them 
died, 3 with progressing disease and 2 with megatherapy related 
toxicity. Patients of less than 2 years at diagnosis (with two of 
them of less than 1 year: 1 stage 4 patient and 1 relapse patient) 
had a better outcome. 9 had no residual bone metastases when 
they received megatherapy and 2 only died of disease. However,  

Table 6. Duration of engraftments according to treatment groups in 
days 

> 1000  > 2 0 0  > 5 0 0  > 50000 
Study WBC PNC PNC PLTS 

LMCE 1 (single graft group) 
Median 23 21 25 58 
Range 13--43 11-48 13-62 35-128 

LMCE 3 (single graft group) 
Median 16 20 28 26 
Range 12-67 12-41 16-67 15-67 

LMCE 3 (double graft group) 
Graft 1 

Median 23 21 26 26 
Range 14-27 13-26 7-30 18-39 

Graft 2 
Median 38 35 45 68 
Range 17-67 21-70 27-73 41-80 

LMCE 2 (double graft group) 
Graft 1 

Median 18 20 23 27 
Range 0-35 13-36 13-60 10-78 

Graft 2 
Median 27 40 43 65 
Range 3-81 15-95 15-129 27-600 

Others (single graft group) 
Median 24 27 n.d. 33 
Range 12-51 21-71 n.d. 22-116 

WBC: white blood cells, PNC: polynucleated cells, PLTS: platelets. 
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Fig. 3. P r o g r e s s i o n  f ree  s u r v i v a l  r e l a t e d  to  age  at  d i a g n o s i s  (P = 0.025). 

7 had residual bone metastases,  1 died of  toxicity, 4 relapsed but  
2 are alive 15 months  and 9 mon ths  post megatherapy.  

All clinical factors of potential  predict ive value also were 
included in a mult ivariate  analysis where residual bone disease 
(P  = 0.0068) and age (P  = 0.035) were confirmed as independen t  
significant prognostic factors. A s t ronger  influence was demon-  
strated for bone disease. 

D I S C U S S I O N  
In this single centre analysis the PFS for high-r isk neuroblas-  

toma patients  amounts  to 40% at 2 years and 28% at 5 years. 
This  is an improvement  in comparison to the prognosis of about  
10% at 2 years seen in the historical L M C E  control  group as 

previously reported [17] and may be due to both modern dose 
escalating induction therapy and/or megatherapy. The role 
of megatherapy as consolidation t rea tment  versus no fur ther  
t rea tment  was also clearly demonst ra ted  in the only randomised 
trial, the E N S G  1 study [16]. 

Procedure-related toxicity associated with aggressive dose 
escalation is one of the limits to achieving bet ter  survival with  
respect to the h igher  toxic dea th  rate associated in part icular  
with  the second consecutive course of megatherapy in our  series. 
Thus  pre and post megatherapy schedules to d imin ish  toxicity 
are of major  importance.  Prophylact ic  hepar in  infusion dur ing  
the cont inuous  vincrist ine infusion schedule was able to mark-  
edly lower the incidence of venous occlusive disease (VOD) at 

100 ~ 

> 90 

80 

701 
60 

"~ 50 r.  

.o 40 
o~ ~ 3o 
~ 20 
0 

0 

t _'_'_'_-~ t ~ - ~  

Tc99 + mlBG N = 8 P = 15% 
Tc99 N =  13 P = 0% 

mlBG N =  15 P = 13% 

I t - - I  _...i 
1 

I I I ) I I ' -  
20 40 60 80 I00 126 

M o n t h s  f r o m  g r a f t  1 

Fig .  4.  P r o g r e s s i o n  f r e e  s u r v i v a l  r e l a t e d  to  p o s i t i v e  b o n e  m e t a s t a s e s  a c c o r d i n g  to  t h e  a p p f i e d  d i a g n o s t i c  m e t h o d  
(Tc-99 scan, mIBG s c a n ,  o r  both). 
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the CLB, which was a high treatment related risk factor during 
the LMCE1 study [17]. A retarded platelet recovery was 
observed in the LMCE1 and appears to be related to TBI. The 
retarded engraftment after the second megatherapy in the double 
procedure programmes may be related to a disturbed microenvi- 
ronment at the second harvest. Thus, haematopoietic growth 
factors were introduced in the LMCE3 study [during induction 
(G-CSF) and after megatherapy (GM-CSF)] to shorten the 
periods of bone marrow aplasia [26]. 

Detection of residual disease both in the bone marrows and 
the autograft was the rational basis for purging. The first 
course of megatherapy (BCNU-VM26-CBDCA) in the repeated 
megatherapy protocol aiming to achieve an additional in vivo 
purge effect, was not efficient enough to eliminate residual 
disease in the patients since most of them still had positive 
marrows at the time of the second harvest. The clinical value of 
purging is difficult to prove, since the potential danger of 
reinfused neuroblastoma cells still has not been clearly demon- 
strated but this could become more evident if more successful 
treatments are available to eliminate residual disease in the 
patient [27]. 

Development and adaptation of primary treatment and mega- 
therapy schedules over an 8 year period as in this study intro- 
duces a set of variables that could bias results. Nevertheless, 
this study confirmed the importance of previously detected 
prognostic factors which can help to stratify patients and to 
evaluate the benefit of different therapeutic modalities in future 
prospective randomised studies [28]. Hartmann previously 
observed a better prognosis in stage 4 neuroblastoma patients 
treated at the Institute Gustave Roussy [18] for patients with 
disappearance of all metastases and negative catecholamines 
before surgery and thus before megatherapy. Further the posi- 
tive correlation concerning the response of bone disease before 
megatherapy was shown in LMCE1 study [17]. The LMCE1 
study identified a small subgroup of stage 4 patients showing 
complete regression of bone metastases before megatherapy 
achieving a PFS rate of 30% at 5 years versus 12% in the positive- 
bone scan patients. The significant impact of healed bone 
metastases achieved by first or second line treatments before 
megatherapy is now confirmed by a PFS plateau at 51% from 2 
to 5 years in our single centre analysis. Since evaluation of bone 
metastases were not homogeneous over the years we compared 
the three different groups diagnosed by 99Tc scans or mIBG 
scans or both. There was no detectable statistical difference. 
Thus we concluded that judgement on residual bone disease was 
accurate, but evidently this should be confirmed in a prospective 
manner comparing the different diagnostic means. Although 
mIBG scanning at diagnosis cannot distinguish focal bone 
marrow disease from cortical bone metastases it appears that it 
adequately discriminates after induction therapy when bone 
marrows contain only minimal residual disease in most patients. 
The different value of imaging methods for detection of active 
bone marrow disease was recently highlighted by Corbett and 
coworkers [29] comparing mIBG and MRI with iliac crest biopsy 
and aspirate specimens. Indeed, positive mIBG spots that we 
would have interpreted as bone metastasis appeared more as 
bone marrow disease on MRI scans and both methods were in 
line with iliac bone marrow disease in only 44% of the cases. So 
the discussion which methods should define bone or bone 
marrow metastases is not settled and will need a more homogen- 
ous definition than given by recent International Neuroblastoma 
Staging System criteria to better compare future studies and to 
evaluate the prognostic impact of what is detectable with the 

different imaging methods. It is noteworthy that patients with 
"local" VGPR and PR status and no active bone disease are part 
of this good prognosis group, suggesting that residual primary 
tumour or bone marrow disease were not a major factor influenc- 
ing survival duration in this patient group. Furthermore, these 
results indicate that VGPR as previously defined is not a 
homogeneous group in terms of prognosis. While VGPR patients 
with minimal local disease do have an outlook close to CR 
patients, the prognosis for patients with residual bone disease is 
poor suggesting that these patients would be better grouped 
within the PR group. 

Age of less than 2 years at diagnosis was the second prognostic 
factor isolated in this study. The distribution of remission status 
before megatherapy is similar in both age groups. However, 
and, as described in the results one must note that this favourable 
outcome was observed in those young children only when bone 
metastases were cleared by chemotherapy before megatherapy. 
This observation is confirmed by the multivariate analysis. A 
cut-off point at 2 years was also previously chosen in the report 
of Evans et al. [5] in a series of 69 stage 3 and 4 neuroblastoma 
patients just failing to reach significance (P-value of 0.064). We 
do not have enough results in this series of patients on the 
analysis of genetic and molecular characteristics but it is of 
importance to note that the age of 2 years was also recently 
described by Look and co-workers as the threshold for the 
prognostic value of N-myc and DNA ploidy [30]. Further 
studies will have to show if intensive treatment as employed in 
megatherapy and BMT may abrogate the prognostic value of 
such biological features in relationship to age. Only 1 patient in 
this series was a borderline case in terms of age with 11 months 
at diagnosis and was not excluded. This patient eventually died 
with disease progression. Thus these results are not biased by 
the superior outlook given for infants with stage 4 neuroblastoma 
of less than 12 months of age. No other age limits were able to 
regroup patients in a prognostic manner. 

Different treatment groups and thus treatment intensity in 
terms of one or two consecutive megatherapy regimens did not 
influence outcome in this single centre analysis. Nevertheless, 
the higher toxicity associated with the second megatherapy has 
to be taken into account. Interestingly, no advantage was 
detected for better quality surgical procedures nor did remission 
status before megatherapy influence outcome. 

Taking our own data and the reports of others together, a 
group of "good prognosis" stage 4 neuroblastoma may well be 
defined by an age of less than 2 years, no N-myc amplification or 
DNA hyperdiploidy and healed bone metastases after induction 
treatment. This finding could be of major importance consider- 
ing procedure related toxicity in this very young age group and 
megatherapy related toxic deaths. 

In the context of megatherapy related toxicity and the cost of 
a transplant procedure, eligibility criteria have to be re-evaluated 
and we agree with others that megatherapy should be compared 
with other treatments on the basis of prospectively randomised 
trials [28]. The poor prognosis associated with residual pre- 
megatherapy bone disease was demonstrated in a homogenous 
group of prospectively treated patients, the LMCEI study, and 
is now confirmed in this report in more heterogeneous patients. 
Such poor prognosis patients need very intensive treatments, 
e.g. elective megatherapy but this should be followed by innov- 
ative approaches to eliminate residual disease. 
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