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Autologous stem cell transplantation for solid tumors in children. 

Ladensicsin R? Philip T, Gardner H 

On& St. Atma Children's - Hospital, Vienna, Austria 

The dose-effixt relationship in pediatric oncology conventional chemotherapy i s  emphasized. Ratiodes 
for the use of megatherapy protocols with stem cdl support a d  associated procedures are given. It has 
been more than 15 years since this approach was used in neuroblastoma, and it has subsequently been 
applied to most o f  advanced, common childhood solid tumors. The ongoing use of new strategies for 
dosc intensification wth peripheral blood stem cell or autologous purged bone marrow rescue has rsised 
expectations for cure To date, results of megatherapy followed by auto!ogous stem   ell reinfusion are 
encouraging in metastatic neuroblastoma a d  Ewing's sarcoma, with an increase in event-Eee survival 
rates of about 30% as compared witin that of conventional treatments. However, with the exception of 
metastatic neuroblastoma., there is still no proven role for this treatment strategy. Thus, there is still an 
urgent need for international colkboration to design randomized srudies that could rapidly address the 
issue ofthese expensive and high-morbidity procedures in childhood cancer. 
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agent still forms the backbone of most megatherapy regi- To purge or not to purge? 
mens. Other drugs for which there are limited single- With the use of polymerase chain reaction techniques 
agent phase I1 data include high-dose etoposide and there is an increasing number of reports discussing the 
high-dose thiotepa [lo-141. Several complex regimens hazards of tumor cell-contaminated stem cell harvests 
have been evolved, including other alkylating agents [32*]. Because some authors describe bone marrow posi- 
such as cyclophosphamide or to a lesser degree busulfan, tivity in low-stage disease with excellent prognosis, one 
but also carboplatin and doxorubicin; however, to date must question the usefulness of such results. Thus  inter- 
none have been clearly shown to be better than melpha- national standards are urgently required to standardize 
Ian alone. the methodology and to validate the different techniques 

and interpretation of data as a prerequisite for its use in 
Although conventional-dose irradiation therapy plays an clinics. T h e  F r e n c h  LMCE group  a n d  t h e  I ta l ian 

- - importantrole  in the elimination of residual disease Insticute Gaslini retrospectively addressed the purging 
following chemotherapy for many childhood solid tumors, ques t ion  [33]. Both groups had comparable initial 
the efficacy of a single high-dose fraction of TBI  given in cisplatin-based chemotherapy regimens and used high- 
several divided doses is less clear. Early studies with dose megatherapy combining TBI,  vincristine, and either 
either hemicorporeal irradiation or low-dose hyperfrac- melphalan or petichemio. There was no evidence of any 
tionated T B I  demonstrated some efficacy in resistant difference in outcome between t h e  Italian group, for 
tumors such as Ewing's sarcoma (151. This  was often whom purging was not routinely used, or the French, for 
limited to pain relief only. Only one in v i t r o  radiobiologic whom immunomagnetic purging was routine. 
study in neuroblastoma sheds some light on this issue, 
demonstrating a steep dose-response curve with little, if hlinimal residual disease still appears as the  pertinent 
any, early shoulder, indicating minimal repair at low dose problem but recent developments using early repetitive 
[16]. This was used as evidence for the application of frac- cycles of megatherapy might help to overcome the devel- 
tionated TBI in this disease. opment of resistant clones. T h e  new interest in purging of 

stem cell harvest was also kindled through the elegant 
Source of stem cells studies by the group of Rill eta/. 1341 involving labeling of 
Autologous peripheral blood stem cells (PBSCs) instead reinfused marrow with NEO-R gene. T h e  rationale for 
of autologous bone marrows are increasingly used even in their initial protocols was to learn whether residual malig- 
small children with body weights reported as low as 8 to nant cells in autologous marrow contribute to subsequent 
10 kg [17,18*,19*,20-221. This  results from the general relapse. Marked malignant cells were found at the time of 
recognition that neutrophil and platelet recovery after relapse in six of eight patients relapsing after aurologous 
reinfusion is faster than with autologous or allogeneic bone  marrow transplantat ion ( A B h I T )  for a c u t e  
bone marrow with or without hematopoietic growth myeloblastic leukemia or neuroblastoma showing the 
factors. T h e  first randomized trial comparing superiority infused marrow contr ibuted to disease recurrence. 
of PBSC over bone  marrow autotransplantat ion in Because ABhIT may return a multiplicity of tumorigenic 
patients treated with megatherapy for solid tumors or tumor cells, modifications of this marker approach with 
lymphomas clearly demonstrated the superiority of PBSC two dis t inguishable vectors are now being used to 
[23**]. Success depends on the optimized mobilization or compare the efficacy of purging techniques [34,35,36**]. 
release of stem cells [24-261. T h e  threshold dose for rapid 
hematopoietic reconstitution is about 2 x lo6 CD34' In the past, purging of autologous bone marrows with 
cellslkg body weight. In our experience, 15 to 20 x 106 immunomagnetic beads or mafosfamide translated into a 
CD34' cellslkg can be harvested after one mobilization delay of hematopoietic recovery of approximately 1 week 
course with two to three apheresis sessions. This  is of [37] with all the associated risks of prolonged aplasia. 
particular interest when repetitive courses of megatherapy Because PBSC sampling does allow higher stem cell 
are considered. In this case, a higher range of 5 to 10 x lo6 yields, this disadvantage could disappear. 
CD34+ cellslkg could be considered, permitting a quick 
recovery, including platelets 127-,281 and outpatient care, Various purging procedures can be considered. One of 
even of pediatric patients. However, potential reinfusion them is positive stem cell selection, although its effective- 
of mobilized tumor cells has to be considered implicating ness in solid tumors must still be questioned because of 
chat the quality of PBSC harvests have to be carefully unsatisfactory log reduction (one to four logs) of contami- 
monitored with help of adequate modern laboratory tech- nating tumor cells and loss of CD34' cells up to 50%with 
niques according to tumor cell type, ie, polymerase chain methods being clinically approved to date. Civin e ta l .  [38] 
reaction or specific monoclonal antibodies [29,30**,31]. reported a pilot feasibility clinical trial involving 13 young 
This is a major issue when sampling is performed during patients 25 years of age or younger with advanced solid 
the early treatment phase, which has the advantage of a tumors, including seven children with neuroblastoma 
less depleted or disturbed stem cell pool resulting in whose harvested bone marrow underwent immunomag- 
better harvests of CD34' cells. netic CD34' selection. It must be noted that in three of 



Autologous stem cell transplantation tor solid tumors in childten Ladenstein et a/. 57 

13enrolled patients, low purity of the CD31+ preparations 
disqualified the use of the CD34' marrow grafts. In the 10 
patients transplanted with CD34'-selected cells, t h e  
CD34' cell purity (nucleated erythrocytes excluded) in 
the cell graft preparation was 91% total cell recovery from 
the starting light-density cells 2.2%. CD33' cell recovery 
38%, colony-forming unit granulocyte-macrophage recov- 
ery 23%, and estimated tumor cell depletion 2.6 logs 
(median). T h e  CD34' marrow grafts contained a median 
1.4 x lo6 CD34' cells per kilogram patient weight, and all 
1 0patients engraft-ed. 

Kanold et a/. [19*] reported the successful CD3.I' cell 
immunoselection from granulocyte colony-stimulating 
factor alone primed peripheral blood (10 pgikgld subcuta- 
neously) in nine children with neuroblastoma with a 
median body weight of 16 kg (range, 10 to 20 kg). T h e  
yield of CD3.I' cells in the purified fraction was 50% 
(range, 23% to 80%), with a median number of 2.8 x lo6 
CD34' cellslkg (range, 1 to 9.4 x 10% T h e  megatherapy 
regimen contained busulphan and melphalan, and all 
patients had persistent engraftment. 

Another approach could be the use of the anti-GD2 anti- 
body [39], which has a direct cytotoxic effect on neuro- 
blastoma cells and may be an effective way of achieving 
tumor depletion in vrtro once this antibody becomes 
commercially available. T h i s  technique has also been 
used in clinical practice [30**]. 

However, the major issue with purging is not a debare 
about the feasibility of producing a 2 to 4 log depletion 
from marrow but rather the relevance of this in clinical 
practice. Results in neuroblastoma in which allogeneic 
BhlT have been used have failed to show any significant 
benefit. In contrast, hazards of acute and chronic graft- 
versus-host disease have adversely influenced outcome in 
published series [40,41]. However, rhese srudies, if they 
were to show a benefit, would not distinguish from the 
potential graft-versus-tumor effect as opposed to absent 
risk of reinfusing tumor cells. D u e  to numbers it  is 
impracticable to expect an answer from the more appro- 
priate syngeneic transplant comparison. There is still no 
randomized study in either solid or hematologic malig- 
nancies addressing the issue of purging, and decision ro 
purge or not is based mostly on personal opinion, as well 
as practical and financial considerations or concern about 
potential morbidiry associated with an adverse effect on 
the autologous bone marrow engraftmenc. 

Neuroblastoma 
At diagnosis, about 65% of affected children show dissem- 
inated disease, most frequently involving bone marrow 
and bones. Historical control groups during the 1970s had 
a survival expectancy of only 10% at 3 years with conven- 
tional multimodality treatments. During the past decade, 
the  use of modern intense induction treatments and 

intensification with myeloablative megatherapy regimcns 
followed by s t e m  cel l  t r ansp lan ta t ion  (SCT) have  
improved the prognosis of stage 4 neuroblastoma over 1 
year of age at diagnosis to a range of 40% to 60% at 2 years 
according to various reports [42-53,54*]. However, 
patients conrinue ro relapse, and 5-year survival razes of 
larger series are still in the  range of 30% ro 40% but 
leaving even a survivor of 5 years with only a n  80% 
chance for cont inuous remission [53]. I t  should b e  
mentioned that upfront dose escalation without PBSC 
replacement still might strongly influence future overall 
resulcs. Following earlier reports on intensified use of 
platinum derivatives and VP16 [55-581, Kushner and 
Helson [j9] had put weight on high doses of cyclophos- 
phamide and continuous infusions of doxorubicin and 
vincristine. Another recent report by Campbell et a/.[60] 
was able to demonstrate that even in patients with neuro- 
blastoma refractory to standard chemotherapy or with 
progressing disease, impressive response  could b e  
produced when cisplatin, etoposide, and doxorubicin 
were administered as continuous infusions for 96 hours 
with daily ifosfamide bolus injections. Drugs were esca- 
lated at six dose levels. T h e  overall response rate was 43% 
and even reached 50% to 60% at the fifth and sixth dose 
escalation levels [60]. 

A 1993 consensus conference in Lyon reviewed the role 
of high-dose therapy with stem cell rescue in a variety of 
malignancies including childhood tumors. Following this 
symposium, the development of megatherapy strategies 
in neuroblastoma, details of high-dose megatherapy regi- 
mens, as well as the results of the various clinical rrials up 
to 1992 have been extensively discussed [4]. Additional 
arguments for and against megatherapy were detailed in 
two further contributions [61,62]. 

Update on the European experience with 
megatherapy and stem cell transplantation in 
stage 4 neuroblastoma 
T h e  European Bone Marrow Transplantat ion Solid 
T u m o u r  Registry ( E B M T S T R )  conta ins  de ta i led ,  
controlled information on children with advanced neuro- 
blastoma who received megatherapy followed by S C T  
[%*I. Benveen 1979and 1996, 1070 neuroblastomas were 
collected. Median age at diagnosis was 3 years (range, 1 
day to 30 years) and the median observation time was 16 
months (range, 1 day to 168 months).  A total of 905 
patients were consolidated in first complete response 
(CR) or first partial response (PR), and 129 were relapses 
or progressions (36 unknown). With a median follow-up of 
75 months. a 33% overall survival is observed at 5 years. 
Of the patients, 49% are alive after 2 years and 10% of the 
relapses are observed between 24 and 48 months after 
stem cell reinfusion. Twenty percent of the patients are 
still at risk of relapses after 48 months. Among the 905 
patients with consolidation as first-line treatment, no 
difference is found between CR and PR and between 
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very good partial response (VGPR) and C R  at the time of 75% with conventional dose chemotherapy and surgery, 
BklT. Patients receiving a single-graft program (746 toxicity hazards of megatherapy should be avoided in 
patients) are doing as well as those receiving double-graft infants with good response, especially when favorable 
programs (159 patients). Patients receiving regimens biology according to recen&tandards is documented. The  
containing TBI (346 patients) are doing as well but not 5-year overall survival was only 55% in 18 infants with 
better than those receiving regimens using only high-dose stage 4 disease recorded in the registry and was 77% for 
chemotherapy (559 patients). T h e  toxic death rate is infants in CR or VGPR prior to megatherapy. T h e  toxic 
12.4% for first CR, 14% for PR and VGPR, and 14% for death rate was as high as 17%. T h u s  the role of early 
relapses. However, the group of 346 patients receiving megatherapy in infants should be limited to desperate 
TBI  experienced significantly more toxic deaths (18%) cases with persistent, biopsy-proven metastases after 
than the group treated by megatherapy not containing conventional dose chemotherapy or nonresponding 

- TBI (1 l%);-(P c 0.005). Single- and double-graft programs patients [65]. 
had equivalent toxic death rates. 

A matched-pair analysis was performed in advanced or 
These 17 years of European experience gathered in the poorly responding, first remission neuroblastoma cases to 
EBMTSTR database have been used to analyze reason- investigate a potential graft-versus-tumor effect resulting 
able subsets of this patient cohort to shed some light on from allogeneic BICIT (17 pat ients)  [66]. Pairs were 
indications and prognostic factors and their relationship marched on the bases of prognostic factors including age, 
with outcome. Potential prognostic factors to predict gender, prior rreatment durations, pregraft response 
event-free survival ( E F S )  were investigated in 546 status, and bone and bone marrow involvement before 
patients fulfilling the inclusion criteria for analysis, re, BhlT, including only patients with only one BMT. No 
stage 4 neuroblastoma, age over 1 year at diagnosis, and difference in progression-free survival rates were detected 
no relapse prior to the  megatherapy. The i r  response comparing the outcome after 17 allogeneic and 34 autolo- 
status prior to megatherapy was as follows: first CR in 157 gous BICITs: 35% and 41% at 2 years, respectively. Graft- 
pat ients ,  first VGPR in 156, P R  in 208, and  minor versus-host disease was observed in nine of 17 patients 
response in 24. Of 546 patients, 110 received a twin (grade I or I1 in seven and grade IV in two). This analysis 
megatherapy procedure. T h e  EFS was 26% at  5 years. concluded that ABhplT appears to be at least equal to allo- 
hluitivariate analysis by the Cox proportional hazards geneic BMT. 
regression model included 529 patients wirh complete 
data sets. Two adverse, independent risk factors influenc- T h e  same question was addressed by the  Children's 
ing EFS were identified after adjustment to treatment Cancer Group (CCG) in two protocols using myeloabla- 
duration prior to megatherapy and twin megatherapy tive megatherapy with allogeneic or autologous purged 
procedures. Persisting skeletal lesions prior to megather- bone marrow rescue for high-risk patients with neuro- 
apy defined by 99Tc scans or mIBG (metaiodobenzyl- blastoma who were progression free at the end of induc- 
guanidine) scans appeared as the major risk factor in tion chemotherapy. Allogeneic B M T  did not have a 
predicting outcome (P = 0.0018) and persisting bone better outcome than ABMT [4l j. 
marrow involvement prior to megatherapy ( P  = 0.0237). 
Thus, residual skeletal disease after induction treatment A review by the International Bone Marrow Transplant 
as defined by mIBG scans in children with stage 4 neuro- Registry also reported a similar relapse rate with use of 
blastoma could be an additional tool to decide on further allogenic BhlT as compared with ABklT. At 17 months, 
treatment intensity [63]. there were 29 patients of 92 wirh continuous complete 

remission [39,40]. These results do not favor allogeneic 
Pat ients  who received megatherapy and S C T  after B M T  in neuroblastoma, especially considering the associ- 
relapse (129 patients) show an overall 5-year survival rate ated toxicity hazards, many of which are related to prior 
of 24%. Second or subsequent relapse after initial stage 4 cisplatin therapy and renal dysfunction [67]. 
disease was the indication for megatherapy in 48 pacients 
at the time the analysis was performed. When megarher- Recent reports of major groups 
apy had been previously used as consolidation of first CR, Controversial issues were recently highlighted in a n  
no salvage was possible, whereas 15% of patients may editorial of Kamani [68] on the bases of results of major 
survive when megatherapy is used for the first time at American study groups including the Pediatric Oncology 
relapse. I t  was suggested that only responding patients Group, the CCG, the Children's Hospital of Philadelphia, 
who relapse more than 12 months from diagnosis without and American Bone blarrow Transplantation Registry 
a previous megatherapy could benefit from megatherapy data. Issues still regarded as unsolved are the  role of 
at the time of relapse [63]. megatherapy with S C T  over intensive chemotherapy 

without SCT, the type of graft, and the role of in  vitro 
A further critical analysis concerned infants with stage 4 treatment of the graft as well as oprimal timing of the 
neuroblastoma. In view of actuarial survival rates of up to transplantation. 
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T h e s e  groups recently reported results of ABhlT for 
advanced neuroblastoma using all total body irradiation- 
containing regimens: T h e  CCG group compared two 
studies to determine EFS for 207 patients with stage IV 
neuroblastoma after 1 year of age who were treated with 
induction chemotherapy followed either by additional 
courses of the same chemotherapy (74 patients) or by 
megatherapy (VAMP with TBI; PEXl with TBI; or CEM 
with TBI)  and ABMT (67 patients). T h e  treatment deci- 
sion was elective and not randomized. Marrows were 
purged ex vivo and were free of immunocytologically 
detectable neurablastoma cells. EFS estimates at 4 years 
were in favor of the megatherapy arm, with 40% in the 
chemotherapy group versus 19% in the megatherapy plus 
ABhiT group, respectively (P= 0.019). Two subgroups 
especially were shown to benefit from the intensified 
treatment approach: patients with PR only after induction 
treatment (EFS, 29% vs 6%; P = 0.008) and those whose 
tumors had amplification of the N-my  gene (EFS, 67% vs 
0%; P - 0.1). T h u s ,  th i s  retrospect ive comparison 
suggested superior i ty  of intensive,  myeloablat ive 
chemoradiotherapy and purged ABhlT over continued 
convenrional-dose chemotherapy [69*,70]. .4 randomized, 
prospective trial comparing myeloablative therapy wich 
ABMT to continuous infusion consolidation chemother- 
apy by the CCG is currently undenvay to determine the 
relative benefit. 

In 1994, Evans et 01. 1671 updated the results from the 
initial Philadelphia series including 42 patients. Twenty- 
five of 27 relapsed patients had originally stage IV, and 15 
entered as part of their initial treatments (12 stage IV and 
three stage 111). Treatment was based on debulking with 
aggressive surgery and local radiation therapy followed by 
megacherapy with T B I .  Twelve  of 43 pat ients  had 
matched sibling donors and thus underwent allogeneic 
BMT. T h e  majority of autologous bone marrows were 
purged. T h e  4-year actuarial survival rate was 29%. T e n  
patients died of early treatment-related complications 
within 3 months, 18 of progressive disease, and nvo of late 
complications (one AIDS and one acute myelogenous 
leukemia). Survival rate after ABMT was 30% and only 
7% in the allogeneic group (not statistically different). 

Graham-Pole on behalf of the Pediatric Oncology Group 
has reported on a series of 71 children with metastatic 
neuroblastoma who were autografted following a combi- 
nation of melphalan (60 mg/mz) three times and TBI (1.5 
or 2 Gy) in six fractions [40]. Immunomagnetic purging of 
the bone marrow was done on 64 patielits. Fifty-four 
patients were treated in first CR or PR and the 2-year 
EFS was 32% and 43%, respectively. Relapse patients 
had EFS rates of 33% and 5% for those in second CR and 
second PR, respectively. A third of patients also received 
local irradiation to sites of persisting disease following 
high-dose therapy. T h e r e  was a significantly bet ter  
outcome for patients given a higher TBI dose. 2, 12 Gy. It  

also appeared rhat patients given local irradiation foliow- 
ing transplantation did significantly better than those who 
did not. It should be emphasized that this and the T B I  
dose were not randomly assigned and that the numbers 
were comparatively small. 

T h e  Genova group described 34 cases treated with a 
similar high-dose regimen to that used by the LhlCE 
group [39]. hlultiagent regimens adding high-dose carbo- 
platin and etoposide have been disappointing, with 
increased morbidity and n o  fewer relapses than after 
melphalan alone [45,46]. Morbidity of the above regimens 
and the respective progression-free survival a t  2 years 
were previously summarized [4]. Comparing results 
produced by aggressive regimens including T B I  and local 
radiation in comparison with results of European groups 
not using TBI 154-1, it must be stated that success rates 
are approximately the same. 

T h e  Australian group used a strategy aiming to achieve 
remission with an induction combination of intensive 
chemotherapy, primary resection, and tumor-bed radio- 
therapy [52]. Patients who achieved remission proceeded 
to myeloablarive chemoradiotherapy using a modified 
VAMP with TBI regimen (teniposide 130 mg/mz, doxoru- 
bicin 30 mg/mz, melphalan 120 mg/m2, cisplatin 8 0  
mg/mZ, and T B I  12 Gy in six fractions) and unpurged 
ABhLT. Seventeen  of 28 pat ients  older  than 1 year 
presented with stage IV disease during the study period 
and proceeded to ABMT. Survival rates of all 28 patients 
are 61% and 50% at 2 and 5 years, respectively. Fifteen of 
17 patients after megatherapy remained disease free, with 
no toxic deaths. This result compares favorably with that 
of other groups, but larger numbers of patients must be 
treated to confirm the  efficacy of this therapy. T w o  
reports investigated recently the pattern of relapse after 
megatherapy with ABMT. 

T h e  CCG group [70] analyzed the relapse pattern in 41 of 
99 patients who had undergone A B M T  after induction 
chemotherapy, surgery wich or without local radiation, 
and then myeloablative therapy with teniposide (or 
ecoposide), melphalan, doxorubicin, cisplatin, and TBI. 
T h e  overall probability of relapse 36 months after ABhlT 
was 19%. Both bone and bone marrow involvement at 
diagnosis correlated with specific relapse in that site (P< 
0.05). Bone marrow tumor content at harvest greater than 
0.1 % also correlated with bone marrow relapse (P = 

0.001). There  was an association between incomplete 
resection of the primary rumor at diagnosis and relapse in 
that site ( P  = 0.06). 

T h e  role of a local radiotherapy boost of 8 to 24 Gy given 
to the primary or metastatic sites was also emphasized by 
Sibley el  a/. [71*] for children with advanced or relapsed 
neuroblastoma. T h e  actuarial overall survival of the 26 
patients was 40.4% at 3 and 5 years undergoing megarher- 
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apy with TBI  (4 x 50 m d k g  cyclophosphamide and 12 Gy 
TBI)  and ABMT. Sites not amenable to a radiotherapy 
boost included the bone marrow, diffuse or bilateral lung 
involvement, and multiple bone metastases (more than 
four sites). Overall, this study demonstrated a trend 
toward less failure in sites amenable to a radiotherapy 
boost and thus better local control of these. It  should be 
noted that disease recurrence follow in-̂ BMT was most 
common in previous sites of disease. Thus, these reports 
highlighted that neuroblastoma normally recurs in multi- 

- ple sites after ABMT, particularly in areas of previous 
disease and suggest that neuroblastoma cells in the graft 
are still not the major cause of relapse. More intensive 
treatment to known areas of disease (aggressive early 
surgery, effective myeloablative consolidation therapy) 
and after ABMT therapy for minimal residual disease 
should thus be studied for their potential to decrease the 
frequency of relapse. Most relapses after megatherapy 
with ABhlT still occur at sites of bulk disease or previ- 
ously involved sites in spite of aggressive local treatment. 

Complementary treatments after megatherapy 
and autologous bone marrow transplantation 
Additional complementary treatment after megatherapy 
with S C T  began to interest various groups because some 
treatment  approaches appear  to have an interesting 
potential to overcome minimal residual disease. T h e  
rationale to use interleukin-2 to enhance the immune 
response against t h e  tumor and thereby to improve 
survival of these patients has attracted various groups. So 
far groups reporting interleukin-2 results after autograft 
used high-dose intravenous interleukin-2 within a range 
of 12 to 18 x 10' IU/m2 [72-751. Although the French 
group did not see impressive results with this application 
mode a recent report is more enthusiastic [76*]. However, 
the use of high intravenous doses has produced grade 3 to 
4 World Health Organization (WHO) organ toxicities. 
When used after megarherapy with ABRIT, only limited 
numbers of patients were able to receive recombinant 
interleukin-2 therapy due to delay in platelet recovery. 
However, with the  use of higher s tem cell doses as 
currently available by PBSC harvests, this problem might 
be overcome. Earlier administration of low-dose recombi- 
nant interleukin-2 after megatherapy with SCT,  given 
subcutaneously and combined wich an ex uivo recombi-
nant interleukin-2 treatment of the graft could be a more 
valid way of using recombinant interleukin-2 to improve 
survival. 

Another promising approach for the situation of minimal 
residual disease after megatherapy wich S C T  appears to 
be the use of an chimeric antibody a n t i - G D  [30**]. A 
phase I study of human and mouse chimeric antiganglio- 
side GDZ antibody ch14.18 was performed in nine 
patients with neuroblastoma with stage IV neuroblastorna 
receiving a total of 19 courses of the anti-GD2 antibody 
ch 14.18 at dose levels of 3O,4O, and 50 mg/mz/d for 5 days 

per course. T h e  maximum tolerated dose per injection 
was 50 mgim2/d. Clinical side effects of patients treated 
with ch14.18 were abdominal and joint pains, pruritus, 
and urticaria. A complete remission was seen in two 
patients, partial remission in two patients, minor response 
in one patient, and stable disease in one patient. These 
results indicate that treatment with chimeric monoclonal 
antibody ch14.18 can elicit some complete and partial 
tumor responses in patients with neuroblastoma. 

Because treatment of neuroblastoma cell lines with cis- 
RA (13-cis-retinoic acid) can cause sustained inhibition of 
proliferation and cis-RA has demons t ra ted  clinical 
responses in patients with neuroblastoma, it was consid- 
ered that it may be effective in preventing relapse after 
cytotoxic therapy [77*]. In a phase I trial, maximum toler- 
ated dosage, toxicities, and pharmacokinetics of cis-RA 
administered on an intermittent schedule were deter- 
mined in 51 children with neuroblastoma following 
megatherapy with BMT. Oral cis-RA was administered in 
two equally divided doses daily for 2 weeks, followed by a 
2-week rest period, for up to 12 courses with doses esca- 
lated from 100 to 200 mg/m2/d. T h e  maximum tolerated 
dose of cis-RA was 160 mg/m2/d. Dose-limiting toxicities 
in six of nine patients at 200 mg/mz/d included hypercal- 
cemia, rash, anemia with thrombocytopenia, and emesis. 
All toxicities resolved after cis-RA was discontinued. 
Serum levels known to be  effect ive against neuro-  
blastoma in vitro were achieved at this dose. T h e  dose- 
limiting toxicity included hypercalcemia and may b e  
predicted by serum cis-RA levels. Interestingly, three 
complete responses were observed in marrow metastases, 
and thus cis-RA merits fur ther  investigation in this 
setting. 

One recent reporr from a Japanese group describes such a 
strategy involving intensive induction chemotherapy, 
surgery, intraoperative radiation, megatherapy and purged 
ABhlT followed by cis retinoid acid. This  strategy offered 
a 3-year disease-free survival rate of 72% to the 22 chil- 
dren treated for advanced neuroblastoma. However, no 
conclusions can be made regarding the role of the differ- 
ent modalities used in this pilot study [78]. 

Biology 
In the future, biologic factors might contribute to define 
highly aggressive disease more accurately. N-myc ampli-
fied tumors clearly are associated with an inferior progno- 
sis in  localized disease [79-831, but only a few auchors 
have described the same prognostic value in stage 4 
disease [79]. For deletions of the shorc arm of chromo- 
some 1 (del l p )  the prognostic value is even less clear, 
although preliminary data exists [8-+,85**,86]. First 
reports suggest that it could play a role also for stage 4 
disease (791. T h e  same is true for C D 4  expression mole- 
cules, which were described to isolate a better prognosis 
subgroup also in stage 4 disease (87,88*.]. For borh of the 
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la t ter  two factors confirmation has t o  b e  awai ted .  
Serologic prognostic factors, however, ie, lactic dehydroge- 
nase, ferritin, and neuron-specific enolase, identify well 
the patient with stage 4 disease [86,89,90] but have rarely 
been demonstrated to distinguish prognostic subgroups 
within this group [90,91]. Thus, biologic characreriscics 
will increasingly contribute to decisions for megatherapy 
concepts in the furure, especially when patienrs who 
respond poorly or those with bulky disease, even if not 
disseminated, are concerned. 

dhabdomyosarcoma 
Long-term survival now exceeds 70% in European and 
American series [92,93]. T h i s  rate is achieved with 
combination of chemotherapy using vincristine, actino- 
mycin, and ifosfamide or cyclophosphamide. T h e r e  
remain, however, some high-risk groups, such as those 
presenting with initial metastatic disease, in whom the 
cure rate rarely exceeds 20%, and  those with para- 
meningeal disease or those in whom complete remission 
is not achievable with chemotherapy combined with 
surgery. In these patients, dose escalation is worthy of 
investigation. Phase 11 studies with single agents ar high 
doses are rare. As with neuroblastoma, the exception is 
t h e  use of high-dose melphalan, and small phase I1 
studies have demonstrated response rates of 40% to SO% 
[8,91]. Anecdotal series have described C R  and PR using 
combinations of high-dose busulphan and cyclophos- 
phamide,  melphalan with TBI, cyclophosphamide-
dacarbazine-doxorubicin, and high-dose carmustine 
[32*.43,95,96]. Because of the small numbers involved, 
few conclusions can  b e  drawn from t h e s e  resul ts .  
Indications for megatherapy in rhabdomyosarcoma are as 
consolidation of initial CR or PR in high-risk disease or 
of second C R  after relapse. Cure rate following relapse is 
largely d e p e n d e n t  on t h e  intensi ty  of the  first-line 
chemotherapy and whether radiotherapy was given. If 
radiotherapy has not been used or a limited number of 
a g e n t s  have b e e n  g iven  ini t ia l ly ,  ie ,  for ini t ia l ly  
completely resected disease, then a cure rate of around 
50% is achievable with second-l ine chemotherapy,  
surgery, and radiotherapy in the absence of megatherapy 
[97]. If, however, initial treatment has been more inten- 
sive, then dose escalation is warranted provided that a 
response is achieved with second-line chemorherapy. As 
in the case of neuroblastoma, until there is evidence of a 
higher response rate in  phase I1 s tudies  using new 
agents ar high dose or combinacions of chemotherapy, 
high-dose melphalan remains [he agenr of choice. A 
clear dose effecr has been demonsrrated for melphalan 
in the rhabdomyosarcoma xenografr model 1981, and at a 
low dose this agent is also active in relapsed or refractory 
disease [99]. 

A series of 43 children with rhabdomyosarcoma treated at 
the Royal hlarsden Hospital over a 10-year period using 
the rapid vincristin, actinomycin D, cyclophosphamide 

(VAC) regimen over an 8-week period followed by high- 
dose melphalan and nonpurged autograft showed 3-year 
relapse-free survival for those with stage 3 and 4 disease 
of 55% and Zj%, respectively. This  strategy of very short 
high-dose intensity rreatment, despite initial short-term 
morbidity, is probably as safe in the short and long term as 
more prolonged chemotherapy or the intensive pulsed 
regimen such as IVA (ifosfamide, vincristin, actinomycin) 
[loo]. T h e  impact of megatherapy for patients with initial 
metastatic disease is unclear, and in the Royal Marsden 
Hospital series the 25% survival was little different to that 
reported by the Intergroup Rhabdomyosarcoma Study or 
European groups using more prolonged conventional 
chemotherapy [92,101]. 

A recent paper described the results of a multicenter, 
retrospective analysis of 36 patients with primary metasta- 
tic disease (n  = 27) or relapsed rhabdomyosarcoma (n - 9) 
treated between 1986 and 1994 according co the German 
Soft Tissue Sarcoma Studies or in the European Study for 
Stage IV Malignant Mesenchymal Tumors in Childhood. 
There were 22 alveolar rhabdomvosarcoma. 13 embryonal 
rhabdornyosaicoma, and one undifferentiated sarcoma. 
Thirty-nvo patients were in first or second CR and four 
had a good PR. hlegatherapy consisted of melphalan, 
etoposide and carboplatin in 26 patients, 10 of whom 
received additional TBI .  T h e  others had various regi- 
mens, including melphalan in seven patients. Nine of 36 
patients are alive and free of disease with a median obser- 
vation time of 57 months. T h e  median time from high- 
dose chemotherapy to relapse was 4 months, and the 
tumor recurred in the majority of patients at previously 
known sites. Patients with primary localized tumors who 
had been treated with megatherapy because of relapse 
did slightly better (four of nine alive with no evidence of 
disease) than patients with primary metastic disease (five 
of 27 alive with no evidence of disease) [102]. 

T h e  International Society of Pediatric Oncology hlhlT 90 
metastatic study has added high-dose melphalan (200 
mg/mz) with unpurged BhfT to an intensive multiagent 
regimen. T h e  latter has been previously used on 52 
patients in whom, despite an encouraging C R  rate with 
chemorherapy alone, the relapse-free survival has been 
disappointing. It is hoped that consolidation of CR will 
improve this. 

T h e  1996 analysis of the EBhITSTR found 319 patient 
grafted for soft tissue sarcomas. A coral of 233 of 319 
patients with rhabdomyosarcoma who received rnegather- 
apy had an overall 5-year survival rate of 21%. T h e  5-year 
survival rates were 31% for 90 patients grafted in first CR 
and 26% for 138 patients consolidated during first rreat- 
ment intention but only 12% in 90 patients treated at the 
time of relapse or disease progression. T h e  high-dose 
regimens used included melphalan, melphalan with TBI ,  
carmustine with melphalan, and procarbazine-melphdan- 
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etoposide [103]. Interpretat~on of these data srill are diffi- 
cult because of the hererogeneous nature of the patients, 
the d~f fe ren t  initial chemotherapy protocols, and the 
range of megarherapy regimens. 

Ewing's sarcoma 
Dose intensification using ifosfamide, vincristine, and 
doxorubicin in the United Kingdom Etring's Tumor 2 
trial or in the German Cooperative Ewing's Sarcoma 
Study series with additional etoposide hss increased the 
relapse-free survival to around 70% at 3 years 131. A very 
high-dose but short-term chemotherapy schedule using 
high-dose CAV (cyclophosphamide, doxorubicin, and 
vincrisiinej was investigated by the  l lemorial  Sloan 
Ketter ing G r o u p  in poor-risk peripheral  pr imit ive 
neuroectodermal tumors [104], it, because of a tumor 
volume more than 100 cmS or metastases to bone or bone 
marrow. T h e  P6 protocol consists of four courses (1, 2, 3, 
and 6) high-dose CAV (cyclophosphamide 1,2 glm' per 
course plus 72-hour infusions of doxorubicin 75 m d m 2  
and vincristine 2.0 mg) and three courses 4, 5 ,  and 7 ifos- 
famide 1.8 g/m2/d and etoposide 100 mglm2/d, for 5 days. 
T h e  authors reported an excellent antitumor efficacy 
(excellent histoparhologic or clinical responses in 34 
patients and PRs in two patients). For 24 patients with 
locoregional disease, the  2-year E F S  rare was 77%. 
Patient numbers are srill small in the \lrmorial Sloan 
Kettering Group cohort, but the efficacy of this schedule 
was also demonstrated by the Vienna group in another 
series of 18 children and adolescents with poor prognosis 
recurrent or refractory solid tumors [IOj]. All enrolled 
patients were heavily pretreated, including two patients 
after BMT. Forty courses were applied (median, two). 
T h e  overall response rate was 33% (two complete remis- 
sions and four partial remissions). Responses were 
obtained in children with neuroblastoma, Ewing's tumors, 
and hepatocellular carcinoma. hlyelosuppression (\VHO 
grade IV after all courses) and cardiac toxicity (three 
WHO grade I, five WHO grade 111, and three \VHO grade 
IV) were the main side effects. T e n  of 18 patients were 
alive after a median follow-up of 16 months but received 
additional treatmenrs consisting of surge?, radiotherapy, 
cycles of high-dose platinum derivates and etoposide as 
well as MEC megatherapy (MEC regimen: mephalan, 
etoposide, carboplatinum) followed by SCT. 

In spite of intensified induction strategies, subgroups 
remain in whom the outcome still is less favorable, includ- 
ing those wich initial distant disease, in particular those 
with bone marrow or bone metastases. Also those with 
very bulky initial tumors, often of axial origin, such as the 
pelvis, but also relapsing patients. In these patients long- 
term survival rates remain in the region of 20% to 30%. 
For these groups, investigation of megatherapy proce- 
dures is underway and warranted. These risk groups are 
in line with a recent analysis emerging from the combined 
data s i tes  of 975 pa t ien t s  coming  from the  

G P O H / E u r o p e a n  Inre rgroup  Cooperat ive Ewing's  
Sarcoma Study and [he LiK Children's Cancer Study 
Group/hledical Research Council studies [106*].The key 
prognostic facror was the presence of metasrases at diag- 
nosis (5-year relapse-free survival, 25.3% vs 55.2%; P < 
0.0001). However, patients with lung metastases only had 
a beccer survival in comparison with patients with ocher 
metastatic sires. T h e  rather favorable outlook of patiencs 
with only pulmonary metastases had been reported previ- 
ously by the GPOHJCooperative Ewing's Sarcoma Study 
studies [107*]. In the group of patients without primary 
metastases, the following significant adverse risk factors 
were isolated: axial primaries (RFS. 49.6% vs 61.4%). age 
over 15 years (RFS, 48.8% vs 59.9%), treatment period 
before 1985 (RFS, 45.5% vs 60%) and time to relapse 
within 2 years after diagnosis (RFS, 3.9% vs 23.3%). 

Again, the only single agent chat has been adequately 
evaluated is high-dose melphalan,  and a review of 
response  ra tes  by H a r t m a n n  e t  al .  171 s h o w e d  11 
complete responses in 27 patients. Combination regi- 
mens such as busulphan, cyclophosphamide, or TBI-  
based regimens have been reported as effective [94]. 
Another report from the Institute Gustave Roussy [log] 
emerged  analyzing t h e  exper ience  o n  32  ch i ld ren  
treated for metastatic Ewing's sarcoma by megatherapy 
and ABhfT. Of special interest were 14 patients who 
encered phase I1 studies of high-dose alkylating agents 
displaying a response rate of 61%. 

Another series comes from the National Cancer Institute 
where patients wich Ewing's sarcoma of the central axis or 
any site with metastases (n - 66) or with high-risk rhab- 
domyosarcoma (n = 25) received initial VAC chemocher- 
apy followed by 8 Gy TBI with ABMT and further VAC. 
Only 65 to 91 received consolidation therapy, and 20 
became long-term event-free survivors. Patients with 
metastatic disease at diagnosis fared substantially worse 
than did patienrs with localized tumors (6-year EFS rate, 
14% vs 38%;P = 0.008). This  srudy demonstrated that 
consolidation of patients with metastatic or high-risk local- 
ized pediatric sarcomas with 8 Gy TBI plus ABhIT failed 
to improve the outcome of the studied [109]. 

In a cooperative study between Vienna and Diisseldorf 
Chi ld ren ' s  Hospi tal  Medical  C e n t e r s  (Austria and 
Germany) the efficacy and feasibility of the ME (* C )  
regimen [ I ]  given as consolidarion treatment to seven 
patients with multifocal primary and 10 patients with 
early or multiple relapsing Ewing's sarcoma was evalu- 
ated. hlegacherapy consisted of 12 Gy T B I  plus fraction- 
ated melphalan (30 to 45 mglmz for 4 days) followed by 
high-dose etoposide (40 to 60 mglkg) wirh or without 
carboplatin (900 to 1500 mg/m') (hyper-hlE C) [110]. A 
matched-cohort analysis of the 17 grafted patienrs with 41 
historic controls matched for gender, age, diagnosis, 
extent of disease, interval from diagnosis to transplanta- 
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tion in the transplantation group, and interval from diag- 
nosis to relapse in the control group was undertaken. 
Eight of 17 patients who received megatherapy were alive 
in complete remission at the median observation rime of 
49 months (range, 19 to 76 months) from the final event 
before transplantation. Probabiliry of RFS in the study 
patients is 45% *0 12% at 6 years since the final event 
before transplantation as compared wirh 2% 2% for the 
hisroric control group. Although a selection process must 
be considered in all centers receiving referred patients, 
this study suggests that  megatherapy wirh S C T  can 
prolong survival in mulrifocal primary and early or multi- 
ple relapsing Ewing's sarcoma. 

- .  -

T h e  French Society of Pediatr ic  Oncology ( S F O P )  
reported interesting results in patients with metastatic 
Ewing's sarcoma treated with megatherapy based on 
busulphan (600 mglm') and melphalan (140 mg/mz) at the 
28th meeting of the International Society of Pediatric 
Oncology in 1996. Patients with metastases ( n  = 44; 23 
with isolated lung metastases, six with bone metastases, 
and 15 with combined metastases) entered the SFOP-EW 
91 study. A rather moderate dose induction chemotherapy 
was used (five VAC courses and two courses with ifos- 
famide and etoposide) in comparison with that used in 
o ther  investigations. Although n i n e  of 4 4  pa t ien t s  
progressed under initial treatment, 22 and 12 patients 
achieved CR and VGPR, respecrively. 20 patients are 
alive in continuous complete  remission a t  a median 
follow-up of 30 months. T h e  3-year disease-free survival 
was 41% for t h e  whole cohort  and was 52% for t h e  
selected group of 34 patients that underwent megather- 
apy. This experience compared very favorably with the 
groups previous experience in the SFOP EW 88 study 
when semiconcinous, conventional dose chemotherapy 
was used resulting in a 3-year disease-free survival rate of 
only 12% in a comparable group of patients [ I l l ] .  

T h e  same combination of high-dose melphalan and 
busulphan is also under evaluation in high-risk patients 
with Ewing's sarcoma in C R I  at  the  Royal Marsden 
Hospital. Of 13 patients with high-risk disease treated 
following initial chemotherapy with doxorubicin and ifos- 
famidelecoposide, all but two are in continued remission 
with a median follow-up of 24 months. There has been 
one toxic death, bur follow-up is still too short to draw 
conclusions [112]. 

Further recent experience with 33 patients with high-risk 
Ewing's sarcoma defined either by primary metastatic 
disease or pelvic mass was reported by t h e  Italian 
Association for Pediatric Hematology-Oncology study 
group at the 28th International Society of Pediatric 
Oncology meeting [113]. A modified P6 schema was used, 
ie, two cycles of hyper-VAC followed by surgery, radio- 
therapy, two cycles of standard VAC, and two cycles of 
ifosfamide and etoposide. T h e  megacherapy regimen 

consisred of busulphan (16 rndm'), etoposide (1800 to 
2400 mglm?), and thiotepa (300 mglm') followed by 
peripheral SCT. After a median follow-up of 16 months, 
21 patients were alive with no evidence of disease, one 
was alive with disease, eighr patients relapsed (five died), 
and three more patients with progressing disease died. 
T h e  event-free survival was 41 %. This regimen appeared 
feasible, but longer follow-up is needed to judge the long- 
term efficacy of rhis treatment. 

A report from the EBMTSTR analyzed the impact of 
megatherapy in 63 children with high-risk Ewing's 
tumors (50 Ewing's sarcomas and 13 peripheral neuroec- 
todermal rumors). T h e  median age at megacherapy was 12 
years (range, 1 to 30 years) 1114.1. Thirty-two patients 
with metastatic disease at diagnosis (22 had metastases to 
the bone or bone marrow) and consolidated in first CR 
reached an actuarial EFS of 21% at 5 years. Thirty-one 
patients in second CR achieved an actuarial EFS of 32% 
at  5 years. Favorable outcome was limited to relapse 
patients with localized disease at initial diagnosis. Distant 
relapse had a more favorable prognosis than local failure. 
.4nalysis of the different megatherapy strategies could not 
identify a significantly superior approach, nor is there 
convincing evidence in favor of double graft procedures. 
From these results, it appears chat consolidation treat- 
ment by megatherapy contributes to improved EFS rates 
in high-risk patients as compared wirh historical esperi- 
ence. Major questions for rhe furure to be addressed prior 
to randomized studies include agreement on the detini- 
tion of high-risk patients and the most efficient rnegathrr- 
apy procedure. 

T o  date ,  the  E B h l T S T R  holds information on 41 1 
patients with Ewing's tumor transplanted a11 over Europe. 
Of 111 pat ients ,  210 were  not  cons idr red  to be  in 
complete remission. Of these -710, 116 were in so-culled 
PR, whereas no or minor response was recorded in 41 
patients. Interestingly, the overall response rate in these 
patients was 53%, with a CR rate of 27%. IVhen rclaring 
outcome with response status prior to rnegatherapy, the 
ox-erall survival rates were 45% and 19%, respectively. 
This showed that survival could be equally prolonged in 
sufficient numbers of patienrs to consider megatherapy 
wirh S C T  in patients with residual disease worthwhile 
unless a patient has progressing disease or resistant 
relapse. However, no significant difference in survival 
related to a particular regimen could be detected. 

Minimal disease in Ewing's tumors 
hlinimal primary disease dissemination as well as minimal 
residual disease are under intensive invesrigation in 
Ewng's tumors. T h e  Ewing's family of tumors is charac- 
terized at the cytogenetic level by unique chromosome 22 
rearrangements. ?'he breakpoints have been cloned and 
were shown to fuse the EIVS gene on chromosome 22 to 
one of two closely related ETS proto-oncogenes, FLI-I or 
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ERG, which reside on chromosomes 11 and 21, respec- 
tively. T h e  rearrangement results in the expression of 
chimeric transcripts, which can be identified by means of 
reverse transcriptase-polymerase chain reaction. This  
method enables the monitoring of Ewing's rumor cells 
circulating in rhe peripheral blood or infiltrating rhe bone 
marrow. T h e  presence of tumor cells could be detected 
with a sensitivity of o n e  in 1 x l o 6  nucleated cells. 
However, rhe clinical implications to date for the presence 
of Ewing's rumor cells in samples detected by reverse tran- 
scriprase-polymerase chain reaction at diagnosis and during 

-therapy are not clear and require further evaluation 
[115,116~,117*J. Such studies were the background to 
develop novel techniques to perform ex civo bone marrow 
or stem cell purging in high-risk Ewing's tumors. A promis- 
ing new approach was recently described using electropora- 
tion to improve intracellular delivery of synthetic antisense 
oligodeoxynucleotides, thereby enhancing their abilicy to 
suppress a target protein. Antisense oligodeoxynucleotides 
that were introduced into cells by electroporation led to 
immediate suppression of targeted c-myc protein, which 
was associated with rapid cell death in various cell lines, 
including Ewing's sarcoma [ I  18.1. 

Brain tumors 
Tumors  in the  central nervous system are the most 
common solid tumors in childhood. Despite undoubted 
chemosensitivity, there is little evidence that adjuvant 
chemotherapy following surgery and radiotherapy has had 
a significant impact on cure, with the exception of certain 
subgroups of medulloblastoma. Parients with brain 
tumors are a particularly difficult group to adminisrer 
megatherapy to at the onset of treatment. T h e  child is 
often significantly neurologically impaired, and there may 
be raised intracranial pressure, which is worsened by the 
hyperhydration necessary for administration of some regi- 
mens. Anesthesia for insertion of Hickman line may be 
undesirable and assessment of response may be difficult. 

One of the first drugs studied with ABMT in brain tumors 
was high dose carmustine. High-dose carmustine given 
either alone or combined with teniposide and procar- 
bazine produced encouraging responses in adults and 
chi ldren,  b u t  t h e  impact  on survival was marginal 
[119,120]. High-dose etoposide has also been used, 
although mucositis and enteroroxicity limit the usefulness 
of this agent (1211. EBMTSTR data still show a generally 
poor outcome for both adults and children using current 
megatherapy regimens [122]. T h e  rationale, results, and 
future prospects of megatherapy for brain tumors have 
been recently reviewed by Wolff (1231, whose review can 
be recommended to the interested reader. 

T h e  alkylating agent thiotepa has regained popularicy 
because of its ability to penetrate the blood-brain barrier. 
I t  has been used either alone or in combination with 
croposide and responses have been seen (11). h recent 

study of the CCG group was designed to determine the 
toxicity, radiographic response rate, and outcome follow- 
ing megatherapy with high-dose thiotepa (3 x 300'mg/m2) 
and eroposide (3 x 500 rng/m2) and ABMT for young 
patients with recurrent brain tumors [124*]. Patients (n = 

45) with recurrent high-grade brain tumors (1 1 glioblas-
toma multiforme, six anaplastic astrocyroma, one anaplas- 
tic ependymo-astrocytoma, three brain stem tumors, three 
brain stem glioma, one primitive neuroectodermal tumor, 
nine medulloblastoma, five ependymomas, one choroid 
plexus carcinoma, two nongerminomatous germ cell 
tumor, two pineoblastoma, one melanoma) aged 8 months 
to 36 years (median, 8 years) were treated. T h e  overall 
response rate in 35 patients with measurable disease and 
surviving at least 28 days was 23% (two CR,six PR) and 
was thus not too convincing. T h e  overall survival at 1 year 
and 2 years was 33% and 16%, respectively. However, 
survival was reported to be significantly improved in 
patients with minimal residual disease, but  only five 
patients with high-grade gliomas are alive and disease free 
39 to 59 months after megatherapy. T h e  toxic death rate 
in this series was 16%. T h e  group concluded that thiotepa 
and etoposide has activity in a variety of recurrent child- 
hood brain tumors and thus merits further evaluation. 

Another report stressed the  unsatisfactory response of 
ependymomas to megatherapy containing rhiotepa. 
Between 1988 and 1995, 16 chi ldren wirh relapsed 
ependymomas entered a phase I1 study of the S F O P  
using busulphan (4 x 150 mg/mz) and chiotepa (3 x 300 
mg/m2) followed by ABMT. Fifteen of 16 children were 
assessed for response. No tumor regression was observed 
in 50% or more of children. Eleven had stable disease and 
four progressive disease. Six children who could receive 
additional radiotherapy or surgery after ABMT were alive 
in CR 7 to 27 months after ABMT. Extrahematologic 
toxicity was severe, including mucositis grade 111, diar-
rhea grade 111, and veno-occlusive disease. 

It appears that treatment of recurrent medulloblastoma in 
children with megatherapy is more rewarding. Given the 
severe late effects caused by craniospinal irradiation in 
children under 3 years of age, most pediatric oncologists 
are currently treating these parients with conventional 
chemotherapy in order to postpone or even avoid irradia- 
tion. T h e  SFOP invesrigated rhe potential of megather- 
apy with ABhflT [125*], aiming to supplant craniospinal 
irradiation in young children treated for medulloblastoma. 
Among patients treated without radiotherapy, 20 relapsed 
while on conventional chemotherapy and were entered in 
a study of megatherapy and ABMT. Their median age at 
diagnosis was 23 months (range, 5 to 71 months), and the 
relapse occurred at a median time of 6.3 months after the 
initiation of chemotherapy. Four of 20 patients had 
complete surgical removal of the local relapse, and 16 of 
20 had measurable disease at  t h e  primary s i te  (nine 
parients), or at metastatic sires (three patients), or both 
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(four patients). T h e  conditioning regimen consisted of 
combination busulphan 600 mg/m2 over 4 days and 
thiorepa 900 mglmz over 3 days. After recovery from 
aplasia, patients with a local relapse received local radio- 
therapy limited to posterior fossa. Among the 16 patients 
with measurable disease, a response rate of 75% was 
observed (six CR, six PR, three no response) following 
megatherapy (response rate, 75%). For the  20 patients, 
the EFS is 50% at the  median follow u p  of 31 months 
after BMT. T e n  patients who developed a local relapse or 
local progression-arealive with no evidence of disease 
without  craniospinal irradiation. Among t h e  seven  
patients who developed metastases or progression of 
metastases, only one  is alive. Toxicity was high but  
manageable: higher than grade 2 mucositis and diarrhea 
were observed in 60% of patients. O n e  complication- 
related death occurred 1 month after BMT. hlcgatherapy 
proved to be very efficient in relapsed medulloblastoma 
but longer follow-up is still necessary to  demonstrate 
whether megatherapy could replace craniospinal irradia- 
tion after a local relapse. 

Wilms' tumor 
T h e  majority of children with Wilms' tumor are cured by 
chemotherapy. There is no place for high morbidity regi- 
mens in the initial management of favorable histology 
Wilms' tumor of any stage. Only in the unfavorable rhab- 
doid histologic subtype, for which cure rates are still less 
than 30% for patients with nonlocalized disease, intensive 
chemotherapy might be  considered. Even  following 
relapse some patients can be salvaged, although this may 
be  fewer than previously assumed [126]. Although 
patients with localized disease who receive minimal 
chemotherapy may be salvaged using multiagent regi- 
mens, few patients with initial stage I11 or IV disease can 
b e  cured with conventional salvage protocols. It is in this 
subgroup that interesting data are emerging, and there 
may be  a definite role for megatherapy. Theoretically, the 
highly chemosensitive Wilms' tumor may resemble B cell 
non-Hodgkin's lymphoma, which remains curable after 
relapse by dose escalation of drugs used during initial 
treatment. A small number of children included in early 
phase I1 studies with high-dose melphalan showed activ- 
icy in refractory patients (931. 

A review of the EBMTSTR experience with this tumor 
reported on 25 children who were treated with megather- 
apy [127]. At diagnosis, 12 had presented with metastatic 
disease, whereas 13 had local disease (stage I to 111). 
However, 21 of 25 had experienced one to four relapses. 
Prior to megatherapy, 17 children were in CR and eight 
had mesurable disease. Most megatherapy included 
melphalan and vincristine. Of the 17 patients grafted in 
CR, eight were alive and disease free at 14 co 90 months. 
Of eight patients with measurable disease at megather- 
apy, five achieved CR, but only one of eight was still 
alive. Overall, the EFS for the 25 patients was 34% at a 

median follow-up of 11 months. Thus  a salvage attempt 
with megatherapy in children with resistant or poor prog- 
nosis recurrent Wilms' tumor seeins to be justified. Drugs 
such as etoposide and possibly carboplatin have acdviry in 
Wilms' tumor, and both could be  escalated as part of 
combination chemotherapy regimens. 

Other tumors 
High-dose therapy with carboplatin, etoposide, and 
cyclophosphamide or melphalan have been reported in 
adul ts  with relapsed high-risk malignant  germ cell 
tumors. As with Wilms' tumor, this usually inherently 
highly chemosensitive tumor may be a good candidate 
for this strategy, but experience is limited to a few case 
reports [ I  281. 

There are also case reports of dose escalation in osteosar- 
coma [ l l ]  and in retinoblastoma [129*,1301. Coordinated 
action would also be warranted for these tumor types as 
investigarors become increasingly interested, demon- 
strated by 36 patients with osteosarcoma and 30 with 
ret inoblastoma found  in t h e  E B M T S T R  t o  d a t e .  
However, these data are preliminary and inconclusive due 
to the wide range of indications as well as type of treat- 
ments used. 

Conclusions 
Dose-escalation strategies with and without stem cell 
support are under intense investigation to improve the 
prognosis of poor-risk childhood solid tumors. In the 
absence of new magic drugs, further progress may be  
expected from a better understanding and use of drug 
interactions and pharmacokinetics to overcome cell resis- 
tance mechanisms. Although almost 20 years have passed 
since myeloablative megatherapy was first piloted, there 
still is no proven role for this treatment strategy except for 
metastatic neuroblastoma. Although phase I1 data and 
numerous pilot s tudies  look interest ing in terms of 
response and survival rates, there is an urgent need for 
international collaboration to design randomized studies 
that could rapidly address the  issue of these expensive 
and high-morbidity procedures in patients with childhood 
cancer. 
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