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This study aimed to assess the response to a novel combination chemotherapy containing carboplatin
plus epirubicin in previously untreated children with metastatic rhabdomyosarcoma. 81 children (<18
years) were treated between 1989 and 1994 with a combination of carboplatin, epirubicin and vincris-
tine, given as initial therapy as part of a multicentre European trial (SIOP Intergroup Study of Stage
IV Malignant Mesenchymal Tumours in Children). The chemotherapy regimen (CEV) was: carboplatin
500 mg/m? plus epirubicin 150 mg/m? administered on day 1, and vincristine 1.5 mg/m? administered
on days 1 and 7. Response was evaluated at day 21. 2 patients achieved complete remission and 41
patients partial remission, with an overall response rate of 53% (95% confidence interval 45-76%).
Three patients showed progressive disease (4%). Toxicity was mainly haematological, with 52%
experiencing grade IV neutropenia and 34% grade IV thrombocytopenia. Mucositis and infections were
not severe. There were no toxic deaths. The combination of carboplatin, epirubicin and vincristine is
effective and well tolerated in patients with metastatic rhabdomyosarcoma. Copyright © 1996 Elsevier

Science Ltd
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INTRODUCTION
RuaBDOMYOSARCOMA WHICH is metastatic at diagnosis has his-
torically had a very poor prognosis [1, 2]. When treated with
regimens containing standard doses of vincristine, acti-
nomycin-D and cyclophosphamide, with or without doxorub-
icin, long-term survival rates range from 10 to 20% [3, 4].
Ifosfamide has been shown to be effective as a single agent in
children with unresectable rhabdomyosarcoma [5]. Intensive
regimens with high-dose ifosfamide replacing cyclophospham-
ide have improved the outlook for patients with non-meta-
static disease [6]. However, there has not been a significant
benefit to metastatic patients [7]. Novel therapeutic strategies
or drug combinations are therefore required in this group
of patients.
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In a previous SIOP study (MMT 84), patients resistant
to standard chemotherapy with ifosfamide, vincristine and
actinomycin-D, were retreated with a combination of cisplati-
num and doxorubicin. This was shown to be a highly effective
regimen, with 40% of patients achieving a complete or partial
response [8]. Single-agent cisplatin has been shown to be
effective in children with rhabdomyosarcoma refractory to
conventional chemotherapy [9]. Other studies have shown
response rates of 33 and 78%, respectively, to a cisplatin plus
etoposide combination in relapsed [10] and untreated patients
[11] with rhabdomyosarcoma. A rapid cisplatin and etoposide
combination has also been shown to be effective in children
with relapsed or refractory soft tissue sarcomas [12]. Doxoru-
bicin and vincristine have been proven historically to be active
against childhood rhabdomyosarcoma [13-15].

Carboplatin, an effective second-generation platinum ana-
logue, although myelosuppressive, has been found to be less
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nephrotoxic, ototoxic and neurotoxic than cisplatin [16].
Early data suggests that carboplatin at high doses may add to
the activity of an ifosfamide-based regimen in paediatric solid
tumours with use of haemopoietic growth factors [17]. There
are no published studies of single-agent epirubicin in rhabdo-
myosarcoma and its use is based on comparable efficacy in
some adult cancers, and the demonstration that epirubicin in
combination with ifosfamide is effective in adults with locally
advanced or metastatic sarcomas [18]. Use of high-dose epiru-
bicin has not been associated with echocardiographic abnor-
malities in a series of pilot combination chemotherapy proto-
cols in patients not pretreated with other anthracyclines or
mediastinal radiation [19].

The SIOP European Intergroup Study of Stage IV Malig-
nant Mesenchymal Tumours in Childhood was launched in
1989 with the objective of improving survival in stage IV
patients [20]. With the evidence for the activity of anthracy-
clines and platinum drugs in rhabdomyosarcoma, it was
decided to incorporate these into an effective ifosfamide-based
multidrug regimen (Figure 1). Epirubicin and carboplatin
were considered in view of their reduced toxicity profile. In
order to assess the response rate in previously untreated
patients, the combination of carboplatin, epirubicin and
vincristine (CEV) was used as initial therapy.

We report here the extended results of the response to this
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combination chemotherapy, preliminary results of which have
been published previously in abstract form [21].

PATIENTS AND METHODS

Patients were registered in the Intergroup Study of Stage
IV Malignant Mesenchymal Tumours of Childhood of the
International Society of Paediatric Oncology (SIOP). Patients
were recruited from France, United Kingdom, Italy, Ger-
many, Ireland, Spain and The Netherlands. The protocol was
approved by the ethical committee of each participating insti-
tution.

All patients were aged 18 years or less at diagnosis and
had previously untreated rhabdomyosarcoma, with pathology
being confirmed by central review. 81 patients were enrolled
between 1989 and 1994 (Table 1). Staging was carried out
clinically and radiologically (CT scan of primary site, chest X-
ray or CT scan, isotope bone scan, abdominal CT scan
and brain CT scan for primary tumours arising from the
extremities). All patients had examination of bone marrow
from outside any area of bone involvement, with two aspirates
and two trephines. Stage IV tumours were defined as those
with distant metastases at diagnosis, including distant lymph
node involvement with or without local or regional lymph
node involvement. The majority of tumours (73%) were large
(>>5 cm), and regional (60%) and distant lymph node (46%)
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Figure 1. Overall chemotherapeutic strategy (SIOP intergroup study, stave IV-9 and MMT IV-91). Patients are re-assessed after

the first course to exclude progressive disease and document response to CEV. Good responders after the first cycle received a

total of four cycles of chemotherapy (12 courses) in the MMT-89 protocol and three cycles (nine courses) plus high-dose

melphalan with autologous bone marrow rescue in the MMT IV-91 protocol. Varying combinations of surgical excision and

radiotherapy were used in both protocols. I, ifosfamide 3 g/m?/day days 1-3; A, actinomycin-D 1.5 mg/m? bolus day 1; E,
etoposide 200 mg/m? days 1-3.



CEV Chemotherapy in Metastatic Rhabdomyosarcoma

Table 1. Clinical features of patients with stage IV rhab-

domyosarcoma

Number of patients 81
Sex

Male 40

Female 41
Median age 8 years
Age range 2 months—18 years
Site

Parameningeal (PM) 7

Head and neck, non PM 3

Bladder—prostate (B-P) 8

Genitourinary, non B-P 5

Limb 32

Others 23

Unknown 3
Histology

Embryonal 41

Alveolar 31

Other 9

involvement was common. 10 patients were classified as stage
IV because of distant lymph node involvement only. All also
had regional lymph node involvement. The lymph nodes were
called ‘involved’ because of obvious enlargement on imaging
(CT scan). Histological confirmation of involvement with
rhabdomyosarcoma was performed in 6 cases of regional and
1 case of distant lymph node involvement. 33 cases (41%) had
bone marrow involvement, 27 (33%) had bone involvement,
39 (48%) had lung involvement and 14 (17%) had subcutane-
ous involvement (Table 2). The median age of this group of
patients was considerably older than for rhabdomyosarcoma
patients as a whole (8 versus 5 years). This emphasises that
older patients are more likely to have aggressive disease with
poor prognosis biological features, such as alveolar histology
(38 versus 15%).

The chemotherapy regimen was: carboplatin 500 mg/m?i.v.
over 1 h, epirubicin 150 mg/m? i.v. over 6 h, and vincristine
1.5 mg/m? (maximum dose 2 mg) as an i.v. bolus (Figure 1a).
Courses 2 and 3 were ifosfamide based (Figure 1b).

Response at both primary and metastatic sites was evaluated
on day 20 after the first course of combination chemotherapy.
Assessment was carried out clinically and radiologically
(including X-ray, CT scan and ultrasonography if necessary).
Primary tumour and metastases were measured in terms of
surface area, wherever possible. For bone marrow involvement
at presentation, a minimum of two bone marrow aspirates
at different sites were performed at reassessment. Standard
response criteria were used (see Table 3 legend).

RESULTS

Response data

43 out of 81 patients studied showed a response (response
rate of 53%; 95% confidence interval = 45-76%). 2 patients
achieved a complete remission after the first course, and 41
patients achieved a partial response at all sites evaluated. A
further 12 patients (15%) showed an objective response with
a 25-50% reduction in tumour size. 11 patients had a hetero-
geneous response, achieving PR at one or more sites, but a
less than partial response at others. Only 3 patients had
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Table 2. Tumour extent and pattern of spread

No. of cases

Tumour size*

T1 1
Tla 4
Tlb 12
T2a 12
T2b 47
Tx 5
Lymph node involvement
NO 20
N1 49
Nx 12
Metastases
Bone marrow 33
Bone 27
Distant nodes 37
Lung 39
Subcutaneous 14
Liver 3
Intra-abdominal 5
Other 2

* Tumour size determined by clinical and radio-
logical assessment; T1, tumour confined to
organ of origin, a=<5cm, b=>5cm; T2,
tumour involving contiguous organ or tissue or
with adjacent malignant effusion or multiple
tumours within one organ, a and b as for T1.

progressive disease after their first course of chemotherapy. Of
these, 1 died of progressive disease, 8 days after commencing
chemotherapy (Table 3). One of the 2 patients achieving
complete remission after one course of chemotherapy had
alveolar histology, but both had only one metastasis at diag-
nosis.

Toxicity data

Toxicity data are available on 71 of 81 patients (Table 4).
The major toxicity was haematological. Sixty-nine per cent of
patients developed grade III or IV neutropenia and 49%
developed grade III or IV thrombocytopenia. Anaemia was
less severe, with only 4% developing grade IV anaemia. Infec-
tions were of moderate severity in 32% of patients and severe
in 8%. Severe mucositis was uncommon, with only 6% of
patients experiencing grade III or IV toxicity. The only patient
with significant renal toxicity was in acute renal failure at
diagnosis, prior to commencing chemotherapy. No significant
increases in liver enzymes were observed. The median time to
commencement of the second course of chemotherapy was 22
days (range 17-46 days), which was only 1 day longer than
the planned interval between chemotherapy courses. There
were no toxic deaths after the first course of chemotherapy.

DISCUSSION

Although there has been steady improvement in the man-
agement of children with non-metastatic rhabdomyosarcoma
over the years, metastatic rhabdomyosarcoma has been associ-
ated with a uniformly poor outlook.

The combination of carboplatin, epirubicin and vincristine
(CEV) has been shown by the data presented to be effective
in inducing responses in these patients (overall response rate
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Table 3. Response rate to first course of carboplatin—epirubicin—vincristine (CEV)
Response at day 21 Overall response
(No. of cases) (CR+PR)
(%)

Histological diagnosis CR PR HR OR NR PD Total no.

RMS-embryonal — 20 7 6 7 1 41 49

RMS-alveolar 1 17 4 4 3 2% 31 58

RMS-NOS 4 — 2 2 — 9 56

Total 2 41 11 12 12 3 81 53%

CR, complete clinical and radiological remission; PR, =50% reduction in the sum of the products of the

maximal perpendicular diameters of the tumour; HR (heterogeneous response), PR at one or more sites but

less than PR at other sites but no PD; OR (objective response), >25% but <50% reduction in tumour size; NR

(no response), <25% reduction in tumour size; PD, progressive disease; RMS, rhabdomyosarcoma; NOS, not

otherwise specified.

* Includes patient who died at day 8 with progressive disease.

Table 4. Toxicity after first course of carboplatin—epirubicin—vincristine (CEV)

Toxicity grade
(WHO) Neutropenia Thrombocytopenia Anaemia  Mucositis Infection Renal Haematuria Liver Vomiting
1 7 10 11 15 14 3 0 13 1.5
2 10 7 41 8 32 1.5 1.5 3 4
3 17 15 18 3 7 0 1.5 0 1.5
4 52 34 4* 3 1.5 1.5¢ 0 0 1.5

Values given as % for the 71 patients evaluable for toxicity data.

* 1 patient with G6PD deficiency had acute haemolysis. T This patient had acute renal failure at presentation.

of 53%). It is well tolerated, with major toxicity being haema-
tological with 52% patients developing grade IV neutropenia
and 34% patients grade IV thrombocytopenia. A small min-
ority of patients had severe infections (8%) but there were no
toxic or infectious deaths. Use of high-dose epirubicin in this
combination did not significantly increase toxicity. In view of
its controllable emetogenicity and short infusion time, CEV
can be administered on an outpatient basis.

Testing new agents in previously untreated patients allows
assessment of the activity of drugs before the development of
clinical drug resistance, thus potentially providing a more
accurate estimate of the efficacy of novel compounds.
Response rate in this study was determined at 3 weeks after
commencing treatment, and after only a single course of
chemotherapy. 2 patients (2.5%) achieved a complete
response at all sites after the first course. The overall response
compares well with a study which assessed response to two
courses of ifosfamide in previously untreated patients with
unresectable and/or metastatic rhabdomyosarcoma (53%;
95% confidence interval = 45-76% versus 86%; 95% confi-
dence interval 65-97%) [5]. Of interest, 18 out of 31 patients
with alveolar histology in this study achieved at least a partial
response (response rate 58%) after a single course, emphasis-
ing that this aggressive subtype can be very chemosensitive in
its initial stages.

It is very difficult to compare the response rate following one
course of CEV with that using other published combination
regimens. Comparisons cannot be made with the IRS study
data because of the early use of local radiotherapy and the
later time of assessment [22, 23]. Early assessment around 7—

9 weeks following combination chemotherapy with VACA or
VAIA showed overall response rates of 55 and 71%, respect-
ively, but this study was limited to stage III patients [24]. If
the small number of stage IV patients were selected out from
a further study, an overall response rate of 60% was achieved
using conventional VAC chemotherapy, where response was
assessed prior to course 3 [25]. The combination of DTIC
and doxorubicin achieved an overall response rate of 65%
after three courses of treatment [26], and a rapid schedule
comprising weekly vincristine, doxorubicin and cyclophos-
phamide has been reported to achieve a 78% overall response
rate where disease was reassessed at weeks 10-12 [27]. In
adult metastatic soft tissue sarcoma, a 45% response rate was
achieved after two cycles of ifosfamide and doxorubicin [28].
In summary, it is clear that a variety of combination chemo-
therapy schedules will achieve an overall response rate in the
region of 50-70% after two or three cycles. It is, however,
impossible to conclude whether the comparable response rate
after only one course of CEV would have been achieved with
these standard regimens if patients had been reassessed at
week 3.

The response to a platinum-based combination chemo-
therapy is in keeping with previous preliminary data showing
responses to a cisplatinum—doxorubicin combination in pati-
ents with resistant rhabdomyosarcoma [8]. The use of epirub-
icin in a high dose in this combination may add to its efficacy.
Patients treated with a regimen containing a similar high dose
of epirubicin have not shown any early echocardiographic
changes [19]. Thus, it is hoped that the choice of newer
anthracycline and platinum analogues will help to reduce
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toxicity. Further evaluation of CEV combination chemo-
tierapy as part of the Intergroup Study of Stage IV Malignant
Mesenchymal Tumours in Childhood is necessary to delineate
its role in inducing long-term remission in this group of pati-
ents.

In conclusion, the efficacy and tolerability of a single course
of CEV combination chemotherapy in previously untreated
children with metastatic rhabdomyosarcoma is demonstrated
by the data presented and, moreover, it can be administered
on an outpatient basis.

1. Raney RB, Tefft M, Maurer H, et al. Disease patterns and survival
rates in children with metastatic soft-tissue sarcoma. Cancer 1988,
62, 1257-1266.

2. Koscielnak E, Rodary C, Flamant F, er al. Metastatic rhabdo-
myosarcoma and histological similar tumors in childhood: a retro-
spective European multicenter analysis. Med Pediatr Oncol 1992,
20, 209-214.

3. Maurer HM, Gehan EA, Beltangady M, et al. The Intergroup
rhabdomyosarcoma study-II. Cancer 1993, 71, 1904-1922.

4. Koscielnak E, Jurgens H, Winkler K, et al. Treatment of soft
tissue sarcoma in childhood and adolescence. A report of the
German Cooperative Soft Tissue Sarcoma Study. Cancer 1992,
70, 2557-2567.

5. Pappo AS, Etcunabas E, Santana VM, er al. A phase II trial of
ifosfamide in previously untreated children and adolescents with
unresectable rhabdomyosarcoma. Cancer 1993, 71, 2119-2125,

6. Treuner J, Koscielnak E, Keik M, er al. Comparison of the
rates of response to ifosfamide and cyclophosphamide in primary
unresectable rhabdomyosarcomas. Cancer Chemother Pharmacol
1989, 24(s), S48-S50.

7. Flamant F, Rodary C, Rey P, et al. SIOP MMT 84 study: results
on rhabdomyosarcoma with 4 years median follow up. Med
Pediatr Oncol 1991, 19(s), 434.

8. Schmitt C, Flamant F, Rodary C. Efficiency of cisplatin-adriamy-
cin in combination in children with rhabdomyosarcoma. Proc Am
Soc Clin Oncol 1989, 8, 1194.

9. Baum ES, Gaynon P, Greenberg L, Krivit W, Hammond D.
Phase II trial of cisplatin in refractory childhood cancer: Chil-
dren’s Cancer Study Group Report. Cancer Trear Rep 1981, 65,
815-822.

10. Carli M, Perilongo G, Cordero di Montezemolo L, e a/. Phase IT
trial of cisplatin and etoposide in children with advanced soft
tissue sarcoma: a report from the Italian Cooperative Rhabdo-
myosarcoma Group. Cancer Trear Rep 1987, 71, 525-527.

11. Odone-Filho V, Maluf PT, Almeida MT, et al. Cisplatinum and
VP16 as initial therapy for advanced rhabdomyosarcomas. Proc
Am Soc Clin Oncol 1993, 12, 1423.

12. Philips M, Pinkerton CR. Pilot study of a rapid etoposide—
cisplatin regimen in paediatric soft tissue sarcomas. Eur ¥ Cancer
1992, 28, 399-403.

13. Wang JJ, Holland JF, Sinks LF. Phase II study of Adriamycin in
childhood solid tumors in children. Cancer Chemother Rep 1975,
6, 267-270.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Selawry OSD, Holland JF, Wolman IJ. Effect of vincristine on
malignant solid tumors in children. Cancer Chemother Rep 1968,
52, 497-500.

Tan C, Rosen G, Ghavimi F, e al. Adriamycin in pediatric
malignancy. Cancer Chemother Rep 1975, 6, 259-266.

Van Hoff DD. Whither carboplatin? A replacement for or an
alternative to cisplatin? ¥ Clin Oncol 1987, 5, 169-171.

Shen WP, Gillian E, Tishler D, Ewing NP, Weinthal J, Cairo M.
A pilot study evaluating the toxicity and response rate of ifosfam-
ide, carboplatin and etoposide (ICE) chemotherapy with G-CSF
support for recurrent pediatric solid tumors. (Meeting abstract.)
Proc Am Soc Clin Oncol 1993, 12, 1468.

Toma S, Palumbo R, Canavese G, er al. Ifosfamide plus epirub-
icin at escalating doses in the treatment of locally advanced and/or
metastatic sarcomas. Cancer Chemother Pharmacol 1993, 31(s),
S$222-8227.

Mott MG. Epirubicin in childhood malignancy. Adv Clin Oncol
1989, 2, 119-126.

Carli M, Pinkerton R, Frascella E, ez al. Intensive chemotherapy
for metastatic sarcoma in children. SIOP European Intergroup
Study. Proc Am Soc Clin Oncol 1993, 410, 1404.

Carli M, Flamant F, Treuner ], Frascella E, Stevens M, Perilongo
G. High dose epirubicin in combination with carboplatin and
vincristine in stage IV childhood malignant mesenchymal tumors.
Proc Am Soc Clin Oncol 1992, 11, 1272.

Raney RB ]Jr, Tefft M, Maurer HM, et al. Disease patterns and
survival rate in children with metastatic soft-tissue sarcoma. A
report from the Intergroup Rhabdomyosarcoma Study (IRS)—1.
Cancer 1988, 62, 1257-1266.

Crist W, Gehan EA, Ragab AH, er al. The third Intergroup
Rhabdomyosarcoma Study. ¥ Clin Oncol 1995, 12, 610-630.
Treuner ], Koscielniak E, Keim M. Comparison of the rates of
response to ifosfamide and cyclophosphamide in primary unre-
sectable rhabdomyosarcomas. Cancer Chemother Pharmacol 1989,
24(s), S48-S50.

Carli M, Pastore G, Perilongo P, et al. Tumour response and
toxicity after single high-dose versus standard five-day divided-
dose dactinomycin in childhood rhabdomyosarcoma. ¥ Clir Oncol
1988, 6, 654-638.

Etcubanas E, Horowitz M, Vogel R. Combination of dacarbazine
and doxorubicin in the treatment of childhood rhabdomyosar-
coma. Cancer Treat Rep 1985, 69, 999-1000.

Pinkerton CR, Groot-Loonen J, Barrett A, et al. Rapid VAC high
dose melphalan regimen, a novel chemotherapy approach in
childhood soft tissue sarcomas. Br ¥ Cancer 1991, 64, 381-385.
Steward WP, Verweij J, Somers R, ez al. Granulocyte-macrophage
colony-stimulating factor allows safe escalation of dose-intensity
of chemotherapy in metastatic adult soft tissue sarcomas: a study
of the European Organization for Research and Treatment of
Cancer Soft Tissue and Bone Sarcoma Group. ¥ Clin Oncol 1993,
11, 15-21.

Acknowledgements—Dr Pritchard-Jones and Professor Pinkerton
are supported by The Cancer Research Campaign, Dr Modak by The
Royal Marsden Hospital, Children’s Unit Fund, and Dr Frascella and
Professor Carli by CNR-ACRO, project number 93.02.265.PF39.



