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Central nervous system involvement in children and 
adolescents with rhabdomyosarcoma. A report from the 
AIEOP Soft Tissue Sarcoma Committee

Rhabdomyosarcoma (RMS) is a highly malignant tumor that 
typically affects children and adolescents, with an annual 
incidence of 4.3 cases per million population aged <20 years. 
It can occur anywhere in the body, but most commonly 
arises in the head and neck region, genitourinary tract, and 

extremities. In 20% to 25% of patients, the diagnostic workup 
demonstrates metastatic disease to the lungs, bone, bone 
marrow, and, less frequently, to other sites.1

Approximately 70% of patients with localized RMS 
can now be cured thanks to improved multimodality 
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Abstract
Background.  Rhabdomyosarcoma (RMS) is a highly malignant tumor typically affecting children and adolescents. 
Central nervous system (CNS) dissemination is rare in RMS patients, but seems to have a particularly negative 
impact. The aim of this study was to analyze treatment and outcome of patients with RMS and evidence of CNS dis-
ease who were registered in the protocols coordinated by the Italian Soft Tissue Sarcoma Committee from March 
1979 to December 2016.
Methods. We analyzed 39 patients with CNS disease. Depending on when their CNS disease was identified, we 
grouped patients as: Group A, at diagnosis; Group B, progression during treatment; Group C, at first relapse.
Results.  Six patients were in Group A (2.7% of metastatic RMS patients at diagnosis); 24 were in Group B and 9 in 
Group C (6.5% of patients with tumor progression/relapse included in the protocols). Only 5 patients (4 in Group A, 
1 in Group B) survived the event and are alive in complete remission with a median follow-up of 17.5 years. These 
5 patients received systemic chemotherapy and craniospinal radiotherapy, and 2 of them also received intrathecal 
therapy with topotecan.
Conclusions.  CNS involvement at diagnosis is a rare and prognostically negative event in RMS patients, but not 
always fatal when it is found at diagnosis. It is more frequent during or shortly after treatment, and the more dismal 
prognosis in these cases underscores the need to improve our ability to identify patients at risk of CNS dissemina-
tion in order to attempt more effective treatments that can sterilize the meninges.
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treatments. The results remain unsatisfactory, however, 
for patients with metastatic RMS or those experiencing 
tumor relapse. In both these groups, the prognosis is not 
uniformly negative, but depends on a series of factors, 
including primary tumor site, histology, type and number 
of metastases, and—in the case of relapse—the character-
istics of this event.2–4

RMS spreading to the central nervous system (CNS) 
is rarely seen, either at diagnosis or at relapse, but it is 
regarded as a particularly negative event.5 There are few 
reports on the impact of CNS disease in RMS patients, and 
little is known about their treatment, especially for patients 
with CNS relapse. The aim of this study was to analyze the 
treatment and outcome of patients with RMS and evidence 
of CNS disease registered in protocols coordinated by 
the AIEOP (Associazione Italiana Ematologia e Oncologia 
Pediatrica) and STSC (Soft Tissue Sarcoma Committee).

Patients and Methods

From March 1979 to December 2016, there were 1192 
patients under 21 years old with a diagnosis of RMS, who 
were registered in seven different national and interna-
tional protocols for localized (RMS79, RMS88, RMS96, 
EpSSG RMS2005) or metastatic patients (MMTIV89-91, 
RMS4.99, EpSSG MET2008). All the protocols recom-
mended testing for CNS disease at diagnosis with MRI and/
or CT scans, and cerebrospinal fluid examination in cases 
of RMS localized in parameningeal sites or when patients 
exhibited neurological symptoms when the primary tumor 
involved other body sites. The data of each protocol were 
prospectively collected and they were reviewed for the pur-
poses of this study. The present analysis only concerned 
children with evidence of CNS disease, with or without 
meningeal dissemination, at diagnosis or relapse, as dem-
onstrated by radiological and/or cytological investigations. 
Patients with parameningeal RMS extending intracranially, 
or with clinical signs of nerve involvement but without any 
radiological or cytological evidence of distant CNS lesions 
or meningeal spread, were not considered.

We classified patients in three groups depending on 
when their CNS disease was identified: Group A, at diag-
nosis; Group B, progression during treatment; and Group 
C, at first RMS relapse. Disease was staged according 
to the tumor, nodes, metastasis (TNM) and Intergroup 
Rhabdomyosarcoma Study (IRS) systems. In the TNM 
system, T1 indicates tumors confined to the organ or tis-
sue of origin, and T2 lesions invade contiguous structures, 
then T1 and T2 are further classified as A or B according to 
whether the tumor diameter is ≤5 cm or >5 cm, respect-
ively; N1 indicates regional lymph node involvement; and 
M1 evidence of distant metastasis (including CNS spread). 
In the IRS system, group I  defines completely excised 
tumors, group II indicates macroscopically resected 
tumors with microscopic residual disease and/or regional 
lymph node involvement, group III indicates macroscopic 
residual disease after incomplete resection or biopsy, and 
group IV is used to denote metastatic disease.

After their initial diagnosis, all patients received inten-
sive systemic chemotherapy according to the various 

protocols, based mainly on alkylating agents (ifosfamide 
and cyclophosphamide), vincristine, and actinomycin D, 
with or without doxorubicin. Details of the different regi-
mens have already been published.6–8 If there was evidence 
of CNS involvement, the RMS79 protocol recommended 
intrathecal chemotherapy with methotrexate, cytosine 
arabinoside, and steroids, while all the protocols recom-
mended craniospinal radiotherapy (35 Gy). No protocols 
existed for patients with relapsing or progressive disease.
Ethics Statement: All the protocols have been approved by 
the ethics committees of each institution.

Results

We found 39 patients with CNS disease; 7 of them with 
intraparenchymal lesions and 32 with radiological evidence 
of meningeal dissemination. In 17 patients, there was also 
evidence of tumor cells in the cerebrospinal fluid. The 
patients’ clinical characteristics are summarized in Table 1. 
Twenty-one of the 39 children had an embryonal histology, 
but the alveolar subtype was more represented than in the 
general RMS population. The primary tumor was localized 
in the parameningeal sites in 72% of cases, the extremities 
being the second most frequent site (17.9%).

There were 6 patients in group A, and they accounted for 
2.7% of all the RMS patients with metastases at diagno-
sis enrolled in the protocols. These patients had no tumor 
spread to other sites apart from the CNS. The 3 patients 
with parameningeal RMS had meningeal spread without 
any symptoms of nerve involvement. The patients with 
tumor involving the extremities or genitourinary tract had 
intraparenchymal CNS lesions. One patient was diagnosed 
with RMS on cells obtained by lumbar puncture, and an 
extensive diagnostic workup revealed no evidence of a 
primary tumor elsewhere. Thirty-three patients were clas-
sified in Groups B or C, and together represented 6.5% 
of the patients with tumor progression/relapse included 
in the STSC protocols. Meningeal involvement emerged 
during the treatment of 24 children (Group B), from 2.2 to 
17.6 months (median 6.6 months) after their diagnosis. The 
primary tumors were large (>5 cm) in 18 patients, and inva-
sive (T2) in 20. Twelve patients had nodal involvement at 
diagnosis, and 9 were metastatic at diagnosis (but without 
any evidence of meningeal involvement).

Nine patients were in Group C and their CNS involve-
ment emerged when their RMS recurred from 1 to 
88.8  months after the end of their therapy (median 
1.4 months). The primary tumors were large (>5 cm) in 7 
patients and invasive (T2) in 6. Three patients had nodal 
involvement at diagnosis and 2 were metastatic at diag-
nosis (but without any evidence of CNS involvement). All 
9 patients in Group C had disease recurring at the primary 
sites and developing in the CNS at the same time. Seven 
of them had parameningeal primary, and developed 
meningeal dissemination.

After their initial diagnosis, all patients received sys-
temic chemotherapy according to the protocol they were 
enrolled in. Twenty-six patients received radiation therapy 
to the primary tumor (4 in Group A, 17 in Group B, and 5 in 
Group C), with a median dose of 45 Gy (range 30 to 60 Gy).
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Table 1.  Patients’ Clinical Characteristics

Characteristic When CNS involvement was identified Total

Group A
(at RMS
diagnosis)

Group B
(on RMS
progression)

Group C
(at RMS
relapse)

Sex

  Male 3 18 4 25

  Female 3 6 5 14

Age

  <1 yrs 0 1 0 1

  1–3 yrs 1 5 6 12

  3–10 yrs 3 12 2 17

  >10 yrs 2 6 1 9

Primary site

  Orbit 0 0 0 0

  Head and neck 0 1 0 1

  Parameningeal 3 17 7 27

  Genitourinary tract 1 1 0 2

  Extremities 1 4 2 7

  Other sites 0 1 0 1

  Unknown 1 0 0 1

Histology

  Alveolar 2 10 4 16

  Embryonal 3 14 4 21

  Not otherwise specified 1 0 1 2

T Classification

  T1 0 4 3 7

  T2 5 20 6 31

  Missing 1 0 0 1

N Classification

  N0 3 11 6 20

  N1 3 12 3 18

  Missing 0 1 0 1

Tumor size

  <5 cm 2 3 2 7

  >5 cm 3 18 7 28

  Missing 1 3 0 4

IRS Group

  I 0 0 1 1

  II 0 1 0 1

  III 1 14 5 20

  IV 5 9 3 17

CNS involvement

  Metastasis 2 3 2 7

  Meningeal spread 4 21 7 32

Total 6 24 9 39

Abbreviations: CNS, central nervous system; IRS, intergroup rhabdomyosarcoma study; NOS, not otherwise specified.
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Treatment of CNS Disease

The treatment directed against the CNS disease included 
intrathecal chemotherapy in 5 children (1 in Group A, 3 
in Group B, and 1 in Group C). The drugs employed were 
topotecan in 3 patients, thiotepa in 1, and unknown in 
1. Tumor response was evaluable in 2 patients: the tumor 
cells disappeared from the meningeal fluid in 1 child after 
topotecan, whereas the disease progressed after thiotepa 
in the other.

Only 4 of the 6 patients in Group A received craniospi-
nal irradiation because the disease progressed rapidly in 
the other 2. Five Group B and 3 Group C patients were 
irradiated. The reasons for not administering radiother-
apy were: rapid disease progression in 9 patients (all in 
Group B), parameningeal RMS with disease progression/
relapse during or soon after radiotherapy in 5 patients, 
and at the center’s discretion or due to parents’ refusal 
in 11.

Systemic chemotherapy was administered according to 
a variety of regimens, and included high doses and stem 
cell rescue in 4 children.

Survival

Overall, 5 of the 39 patients (4 in Group A and 1 in Group 
B) are alive in complete remission (Fig. 1), with a median 
follow-up of 17.5 years (range, 5–31 years). All 5 patients 
received systemic chemotherapy and craniospinal radio-
therapy, and 2 of them also had intrathecal therapy with 
topotecan. The other 34 patients died of their disease a 
median of 2.6  months (range, 0–10.6  months) after evi-
dence of CNS dissemination came to light.

Discussion

The results of this study confirm that CNS involvement at 
diagnosis is a rare finding in patients with RMS. Among the 
patients included in the protocols for metastatic RMS, only 
2.7% revealed CNS involvement at diagnosis. Surprisingly, 
meningeal dissemination at diagnosis is not always incur-
able, and 4 of our 6 patients are long-term survivors. Our 
sample is limited, but confirms the findings in another 
small series of 4 patients with parameningeal tumors and 
tumor cells in the cerebrospinal fluid, 3 of whom were alive 
6.5 to 16.9 years after their diagnosis.9

It is also relatively rare for CNS involvement to emerge 
when RMS relapses, but meningeal dissemination during 
treatment is an important cause of treatment failure, espe-
cially for parameningeal tumors. We found that CNS dis-
semination was involved in 6.5% of all relapses, and this 
event may occur early during treatment. Despite second-line 
chemotherapy, sometimes including the intrathecal admin-
istration of a cytostatic drug and whole-brain or craniospinal 
radiotherapy, the survival rate is poor and patients usually 
die rapidly (in fact, only palliative treatment was adminis-
tered to a substantial proportion of our patients).

This pattern of early relapse during treatment and a very 
short survival after CNS dissemination reflects other pub-
lished experiences. In a series of children treated at the  
St. Jude Children’s Research Hospital, the incidence of brain 
metastasis was 2.4% in a population of 419 RMS patients. 
The median survival after this event was just 2.7 months, 
and the estimated 1-year survival was 23.8%.10 In a series of 
611 patients with parameningeal RMS treated according to 
the Intergroup Rhabdomyosarcoma Study Group protocols 
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IRS-II through IRS-IV, the incidence of first failure in the 
CNS was 7%, and it was significantly related to meningeal 
involvement at diagnosis. The median time from initial RMS 
diagnosis to CNS dissemination was 0.88 years, confirming 
that this is an early event. Only 2 of 35 children were alive 
after relapse, despite a short follow-up (36 and 42 weeks).5 
A recent report described the treatment and outcome of 23 
patients with CNS relapse, 9 of whom relapsed before com-
pleting their first-line treatment. Second-line chemotherapy 
and new whole-brain or craniospinal radiotherapy were 
administered in 15 patients, and there was radiological evi-
dence of an improvement in 8. Twenty-one patients none-
theless died of their disease after a median of 5 months. 
Interestingly, the authors report that the 3 children given 
at least 1 dose of intra-Ommaya monoclonal antibody 
131I-8H9 survived for longer.11 In our study, only 1 patient 
survived after tumor progression, and none after relapse. 
This 1 surviving patient received craniospinal irradiation, 
intrathecal topotecan, and systemic chemotherapy with 
vincristine and irinotecan. He is alive 4 years after tumor 
progression was demonstrated.

Conclusion

CNS involvement at diagnosis is rare in patients with RMS, 
and not always fatal. It is more likely to emerge during or 
soon after treatment, in which case the prognosis is more dis-
mal. Hence the need to improve our ability to identify patients 
at risk of CNS dissemination at diagnosis in order to attempt 
more effective treatments that can sterilize the meninges.
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