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Summary. Fifteen children with advanced neuroblastoma 
according to Evans' classification (1 with stage I I I  and 14 
with stage IV) were treated with high-dose melphalan 
(HDM) followed by autologous bone marrow transplanta- 
tion. Before HDM, all patients had been extensively treat- 
ed with multimodality therapy for a median duration of 9 
months. At the time of HDM, seven children were in par- 
tial remission (PR) with measurable residual tumor and 8 
were in complete remission (CR) or good partial remission 
(GPR). No reduction in measurable tumor size was ob- 
served in any of the PR patients. However, when HDM 
was used as consolidation therapy (CR and GPR patients) 
survival appeared encouraging, since five of eight patients 
are alive with no evidence of disease at (NED) 29 + to 54 + 
months after HDM. Tolerance of this high-dose chemo- 
therapy was satisfactory; gastrointestinal toxicity appeared 
to be the most important limiting factor. These results sug- 
gest that chemotherapy including high-dose melphalan is 
promising when used as consolidation therapy in patients 
who have already attained CR with conventional 
therapies. 

Introduction 

The prognosis of metastatic neuroblastoma treated with 
conventional therapy has remained particularly poor in 
past years, both in our experience [8] and in that of others 
[4, 6, 11, 18]. The results for stage I I I  disease (Evans' clas- 
sification) [3] are no better when the tumor is nonresec- 
table [8, 18]. In 1979, McElwain et al [16] published en- 
couraging results in advanced neuroblastoma treated with 
high-dose melphalan (HDM) and autologous bone mar- 
row transplantation (ABMT). We therefore designed a 
study with the same protocol as that described by these au- 
thors for patients with advanced neuroblastoma. We re- 
port here the results obtained with this regimen and its tol- 
erance in 15 patients with poor-prognosis neuroblastoma. 

Patients and methods 

Patients. Fifteen patients with advanced neuroblastoma 
were treated with high-dose melphalan; their characteris- 
tics are shown in Table 1. The median age at diagnosis was 
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2 years (range: 6 months to 13 years), and the male: female 
ratio was 13:2. According to Evans' classification [3] there 
were 14 stage IV and 1 nonresectable stage I I I  cases and 
no stage IV s. Details of primaries and extension are also 
shown in Table 1. 

Before treatment with high-dose melphalan all patients 
had been extensively treated. As shown in Table 2, they 
had received three to five different drugs for a median pe- 
riod of 9 months (range 5-17). Surgical excision of the pri- 
mary was attempted in 9/15 patients; it resulted in six 
complete excisions, two incomplete excisions, and one bi- 
opsy of a tumor which remained nonresectable. For the six 
remaining patients surgery was not performed, either be- 
cause of nonresectability (patients 2, 3, 5, 6, and 15) or be- 
cause the site of the primary was not known (patient 14). 

As a result of primary therapies (Table 2), seven pa- 
tients had cytologically normal bone marrow but still had 
measurable disease in the primary site and regional lymph 
nodes (patients 2, 3, and 4) or in metastatic sites (patients 
1, 6 and 7) or both (patient 5). Disease status was stable for 
patients 1-5 and progressive for patients 6 and 7. The re- 
sults of the primary therapies in this group (group I) were 
termed partial response (PR). In group II, four patients 
presented with complete disappearance of all metastatic 
signs and a small macroscopic residual primary tumor 
( 4  5% of the initial size) assessed by surgery and/or  CT 
scan (patients 8, 13, and 15) or microscopic residual pri- 
mary tumor after surgical excision (patient 11). Their re- 
sponse to primary therapy was termed good partial re- 
sponse (GPR). The four remaining patients of this group 
were in complete remission (CR) with no detectable dis- 
ease. Two were in first CR (patients 10 and 12), and two 
were in second CR after a first bone marrow relapse (pa- 
tients 9 and 14). 

Methods. Melphalan was administered as an IV bolus 
through a central venous line with hyperhydration (31/m 2 
per day). The dose used was 140 mg /m 2 for 11 patients 
(2-8,  11-13, and 15) and 180 mg /m 2 for four (1, 9, 10, and 
14). Furosemide (1 mg/kg IV) was used systematically for 
the first 12 of these 15 patients and for the others when it 
was necessary to maintain adequate diuresis. 

The technique of bone marrow harvesting has been de- 
scribed elsewhere [21]. Samples of bone marrow harvest 
were cytologically screened for residual involvement. For 
four patients (patients 2, 9, 12, and 13) bone marrow was 
cryopreServed in DMSO as previously described [9]. For 
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Table 1. Patients characteristics at diagnosis 

Patient Age/sex Stage Site of Sites of metastases 
no. primary 

Bone Marrow Other 

Group I 
1 8 / 1 2 / M  IV A + + DLN, L, SC 
2 4 M IV A + + P 
3 13 M IV A - - DLN 
4 7 / 1 2 / M  III  A - - - 
5 2 M IV A + + L 
6 4 M IV A + + - 
7 4 M IV A + + - 

Group II 
8 1 4 / 1 2 / F  IV T + - - 
9 1 3 / 1 2 / M  IV A + + - 

10 6 / 1 2 / M  IV A + + - 
11 2 M  IV A + + - 
12 3 M IV A + + - 
13 1 1 / 1 2 / M  IV A + + - 
14 9 M IV Unknown + + - 
15 6 F IV A - + DLN 

A, abdomen;  T, thorax;  DLN, distant lymph nodes;  L, liver; SC, subcutaneous site(s); P, pleura 

Table 2. Primary therapy before high-dose melphalan 

Patient Chemotherapy Surgery Status before 
no. HDM 

D r u g s  Durat ion (months) 

Group I 
1 CVA 12 Complete excision PR 
2 CVAD 7 No surgery PR 
3 CVA 9 No surgery PR 
4 CVAD 14 Biopsy PR 
5 CVAD 7 No surgery PR 
6 CVAD 8 No surgery PR 
7 CVAD 5 Complete excision PR 

Group II 
8 CVAD, VM 12 
9 CVAD 8 

10 CVA 9 
11 CVAD 6 
12 CVA 9 
13 CVAD 6 
14 CVA, VM, P 10 
15 CVAD 17 

Incomplete excision 
Complete excismn 
Complete excision 
Complete excision 
Complete excisaon 
Incomplete exos ion 
No surgery 
No surgery 

GPR 
CR 
CR 
GPR 
CR 
GPR 
CR 
GPR 

C, cyclophosphamide;  V, vincristine; A, adriamycin;  D, DTIC;  VM, VM26; P, cisplatinum; PR, partial 
response; GPR, good partial response; CR, complete response 

t he  r e m a i n i n g  p a t i e n t s  b o n e  m a r r o w  was  n o t  c ryop re -  
se rved ,  b u t  was  s t o r e d  at  4 ° C  fo r  8 or  24 h b e f o r e  r e i n fu -  

s ion.  
All  p a t i e n t s  we re  t r e a t e d  in  s i m p l e  r eve r se  i s o l a t i o n  

b a r r i e r  c o n d i t i o n s .  D u r i n g  ap l a s i a ,  t hey  r ece ived  i r r a d i a t e d  
b l o o d  p r o d u c t s  a n d  p a r e n t e r a l  n u t r i t i o n  w h e n  n e e d e d .  

N o  s y s t e m a t i c  gu t  d e c o n t a m i n a t i o n  was  used ,  a n d  
w h e n  t e m p e r a t u r e  rose  a b o v e  3 8 ° C  p a t i e n t s  r ece ived  
b r o a d - s p e c t r u m  an t ib io t i c s .  

C o m p l e t e  a n d  d i f f e r e n t i a l  b l o o d  c o u n t s  were  per -  
f o r m e d  t h r e e  t imes  a w e e k  f r o m  the  b e g i n n i n g  o f  h igh-  

dose  c h e m o t h e r a p y  u n t i l  n o r m a l  h e m a t o l o g i c a l  va lues  
we re  r eached .  

Evaluation of response. To m e a s u r e  t he  r e s p o n s e  to pr i -  
m a r y  t h e r a p i e s  b e f o r e  H D M  a n d  the  r e s p o n s e  to H D M ,  
p a t i e n t s  were  ex t ens ive ly  r eas ses sed  o n  two  o c c a s i o n s ,  be-  
fo re  b o n e  m a r r o w  h a r v e s t  a n d  a f t e r  h e m a t o l o g i c a l  rec-  
o v e r y  f o l l o w i n g  b o n e  m a r r o w  t r a n s p l a n t a t i o n .  

P r i m a r y  t u m o r  a n d  r e g i o n a l  l y m p h  n o d e s  were  m e a -  
s u r e d  d u r i n g  surg ica l  e x p l o r a t i o n  a n d / o r  C T  scan .  M e t a s -  
tases  were  m e a s u r e d  b y  c l in ica l  e x a m i n a t i o n ,  b o n e  r a d i o -  



isotope scan, and  hepat ic  u l t rasonography.  Bone marrow 
was considered as cleared after cytological  examinat ion  of  
ten samples taken from ten different  sites and  histological  
s tudy of  one t rephine biopsy.  Ur inary  excret ion of  the 
ca techolamine metabol i tes  VMA, HVA, and dopamine  
was systematical ly studied. 

Evaluation of toxicity. The severity of  gut toxici ty (vomit- 
ing, mucositis and diarrhea)  was established as a l ready de- 
scribed elsewhere [15]. 

For  evaluat ion of  infectious complicat ions ,  the criteria 
were the dura t ion  of  fever with body  temperature  over 
38°C and the occurrence of  sepsis a n d / o r  documented  in- 
fections. 

Results 

Tumor response 
Group  I pat ients  ( 1 - 7 )  presented with measurable  bulky 
disease pr ior  to high-dose melphalan.  One single tempor-  
ary shrinkage of  the p r imary  was observed (pat ient  2). No 
measurable  effect of  H D M  was observed among the six re- 
main ing  patients.  

Patients 8 -15  (group II) presented with no measur-  
able tumor  pr ior  to H D M  and were not  evaluable for tu- 
mor  response. 

Histological  examinat ion  of  surgical specimens ob- 
ta ined after high-dose melphalan  showed fibrotic tissue in 
one pat ient  (15) and residual  poor ly  different iated neuro- 
blast ic  tissue in all the others (2, 3, 4, 8 and 13). Details are 
given in Table 3. 

Survival 
One of  the 15 pat ients  (no. 6), died early of  toxicity,  and 14 
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were evaluable for dura t ion  of  response. Eight of  these are 
still alive: two had stable disease at 33 + and 49 + months 
after ABMT;  two re lapsed 17 and 44 months after ABMT;  
one is alive, with disease, at 50 + months;  and  the other 
died 31 months after ABMT. Five were free of  disease at 
29 +, 33 +, 39 ÷, 50 +, and  54 + months after ABMT. These 
five patients had  min imal  residual  disease or none at all 
before HDM,  and four of  them received further local ther- 
apy after bone  marrow transplantat ion.  Ten of  these 14 
evaluable patients received addi t ional  therapy after 
ABMT. Details  are given in Table 3. 

The six patients who received addi t ional  chemotherapy  
after H D M  are not  truly evaluable for dura t ion  of  survival 
after high-dose melphalan  alone. 

Toxicity 
All patients exper ienced p ro found  myelosupression.  The 
nad i r  value for granulocytes was < 0.1 x 109/1, and  that  
for platelets  < 20 × 109/1. 

The median  durat ion of  g ranulopenia  < 0.5 x 109/1 in 
the 14 evaluable patients was 14 days (range 6-24) .  Leu- 
kopen ia  with ~< 1 × 109/1 lasted for a median  of  10 days 
(range 6 -  20), and the median  durat ion of  th rombocytope-  
nia  ~<50× 109/1 was 20 days (range 13-200).- 

Gut  toxici ty was essentially marked  by diarrhea.  Nau-  
sea and vomit ing were absent or of  mild intensity. Only 1 
pat ient  exper ienced modera te  mucositis,  but  5/15 had 
modera te  or severe diarrhea.  

The incidence of  infection was relat ively low. Two pa- 
tients had no fever during the aplast ic phase,  while the me- 
dian durat ion of  fever in the others was 7 days (range 
0-12) .  Ten patients had  fever of  unknown origin and three 
had  documented  septicemia.  In one of  these cases septi- 
cemia was fatal. One pat ient  died of  subacute viral  infec- 
t ion 5 months after HDM.  

Table 3. High-dose melphalan - response - survival 

Patient Measurable disease Measurable Additional therapy Outcome 
n ° prior to HDM effects of HDM after HDM 

Status Months 

l DLN, L 0 RX, C Alive static 33 + 
2 Primary Temporary shrinkage S, C Died of disease 12 
3 Primary, DLN 0 S, RX Relapse 44 months 

after HDM; 
alive with disease 50 + 

4 Primary, RLN 0 S, RX, C Alive, static 49 + 
5 Primary, RLN, L 0 C Died of disease 5.5 
6 Bones NE 0 Died of toxicity 12 days 

7 Bones 0 C Died of disease 8 
8 Minimal residual primary 0 S, RX, C Alive, NED 50 + 
9 0 0 0 Alive, NED 33 + 

10 0 0 RX Alive, NED 29 + 
11 Minimal residual primary 0 0 Relapse 9 months 

after HDM (BM); 
died of disease 16 

12 0 0 0 Died of toxicity 5 
13 Minimal residual primary 0 S, RX Alive, NED 39 + 
14 0 0 0 Relapse 17 months 

after HDM (BM); 
died of disease 31 

15 Minimal residual primary 0 S Alive, NED 54 + 

DLN, distant lymph nodes; L, liver; RX, radiotherapy; C, conventional chemotherapy; S, surgery; RLN, regional lymph nodes; NE, not 
evaluable 
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One patient with acute nonlymphocyt ic  leukemia 
(no. 13) was observed 2 years after H D M ;  this patient is 
still alive. No  other late effect was observed in the long- 
term survivors. 

Discussion 

For our patients with measurable residual disease no signi- 
ficant tumor response was observed. McElwain et al [16] 
Pritchard et al. [21], and Graham-Pole et al. [7] reported 
significant shrinkage of  the disease with the same therapy. 
Nevertheless, in their studies [16, 21] most o f  the patients 
received fewer drugs during primary conventional chemo- 
therapy, and for a shorter period of  time. In the last study 
quoted [7] patients were in progressive relapse at the time 
of  HDM,  and the dose and schedule o f  H D M  administra- 
tion were different. Our sample comprised a selection of  
children with particularly resistant disease, extensively 
treated for a median of  9 months. These differences may 
be the best explanation of  our less impressive results. 

One of  our patients with bulky residual disease prior to 
H D M  (no. 3) remained free of  disease for 44 months and 
finally relapsed at the primary site. 

Three of  the remaining evaluable patients with residual 
bulky disease prior to H D M  (no. 2, 5, and 7) died of  dis- 
ease progression within 1 year despite further therapy; the 
other two nos. 1 and 4) are still alive with stable disease, 
follow-up now amounting to more than 3 years after 
HDM. These two patients received conventional chemo- 
therapy after H D M  and are not truly evaluable for dura- 
tion of  ~esponse after H D M  alone. 

Group II  patients ( n=  8), who were given H D M  either 
in CR or in G P R  without measurable disease, are not eval- 
uable for anti tumor response, but are evaluable for surviv- 
al duration. As shown in Table 3, only one of  these pa- 
tients (no. 8) received conventional chemotherapy after 
H D M  and is not truly evaluable for survival after H D M  
alone. The seven remaining patients in this group had no 
further therapy for their metastases. The treatments admin- 
istered after H D M  were focused exclusively on the pri- 
mary. In this group, two patients relapsed 9 and 17 months 
after HDM, but five of  the eight are alive and free of  dis- 
ease 29 + to 54 + months after HDM. With this small num- 
ber of  patients, no statistical comparison can be signifi- 
cantly demonstrated. However, in another study [8], of  
stage IV neuroblastoma patients older than 1 year at diag- 
nosis who were treated in the same institution with the 
same conventional therapies without HDM,  19 of  61 pa- 
tients (31%) were in CR for more than 6 months and only 
2/19 (10%) are long-term survivors. With conventional 
therapy the median disease-free survival observed in CR 
metastatic neuroblastoma is usually short, lasting from 15 
to 18 months  [8, 18], and the long-term disease-free surviv- 
al rate never exceeds 10% [4, 8, 22]. 

In the present series, four of  the five long-term surviv- 
ors were 6 - 1 4  months of  age at diagnosis (8, 9, 10, and 
13). However, three of  them had multiple bone metastases 
with clinically bulky bone masses, especially on the skull 
(8, 10, and 13) and one (no. 9) was in second CR after a 
first bone marrow relapse. 

The prognosis of  stage IV neuroblastoma is known to 
be better in children under  1 year of  age [12], but in our 
hands, with the same conventional therapy only two of  se- 
ven stage IV patients under  1 year at diagnosis are long- 

term survivors. Since patients were not randomly assigned 
to receive high-dose melphalan, no statistical demonstra- 
tion can be made. However, with five of  eight long-term 
survivors among CR or GPR patients, the results of  H D M  
in this group are encouraging. The results of  the E N S G  
randomized trial comparing survival of  stage IV neuro- 
blastoma patients with and without H D M  used as consoli- 
dation therapy will be the only way of  determining wheth- 
er this therapy is an important  factor in the improved sur- 
vival rates being obtained. 

The difference in survival observed in our two groups 
of  patients is close to that obtained for other malignancies 
treated by high-dose regimens with BMT. Studies of  leu- 
kemias treated by high-dose chemo-radiotherapy and al- 
logeneic bone marrow transplantation have demonstrated 
much better results in patients treated in CR rather than in 
progressive disease [5, 20]. Our study of  children's malig- 
nant  lymphoma showed the same results [9]. 

In the present study, intensive supportive care and ex- 
pert nursing were necessary to limit the adverse effects of  
HDM. They permitted satisfactory tolerance of  this regi- 
men in these young children, who had previously been ex- 
tensively treated. Major myelotoxocity was regularly ob- 
served but was usually of  short duration. The role of  
ABMT in shortening the duration of  the aplastic phase has 
already been demonstrated [10, 17]. As in other studies [2, 
7, 13, 14, 19] extrahematological toxicity was essentially 
manifested as diarrhea. Gut toxicity appears to be the ma- 
jor limiting factor for dose escalation of  HDM. 

We conclude that as in other studies [7], H D M  with 
ABMT support is tolerable in children with advanced neu- 
roblastoma. In patients previously treated extensively no 
measurable effects were demonstrable in those with bulky 
residual disease, but in those with minimal residual disease 
the long-term disease-free survival rate is encouraging and 
further investigation is warranted. A new study of  ad- 
vanced neuroblastoma treated in CR by H D M  combined 
with other drugs and followed by purged ABMT is now in 
progress. 
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