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Abstract
Background: The aim of this study was to summarize the clinical characteristics, therapeutic effects and prognosis of
patients with rhabdomyosarcoma (RMS) and bone marrow metastasis, improve the understanding of this disease.
Method: This was a single-institution retrospective study involving the children with RMS, who presented with bone
marrow metastasis at initial presentation to our hospital between 1st, Jan, 2006 and 31st, Dec,2019. Follow-up concluded on 31st, Dec, 2020 and the clinical data were collected and analysed.
Result: Between 1st Jan 2006 and 31st Dec 2019, 13 eligible patients presented to our hospital, including 10 males
and 3 females, these eligible patients accounted for 4.5% of all RMS patients. The median age at onset was 5.6 years
(range 1.7-14 years). The patients not only had unfavourable primary sites, but also had multiple metastases. The bone
marrow aspirate samples of the patients comprised 8-95% blast-like cells. Nine of 13 patients were misdiagnosed with
haematological malignancies or other solid tumours. With respect to histology, four of 13 children were classified as
embryonal RMS and nine as alveolar RMS. Eleven patients underwent PAX-FOXO1 fusion testing; eight had the POXFOXO1 fusion gene. Immunohistochemically(IHC) analysis revealed that the tumour cells were positive for Desmin,
Vimentin, Myo-D1 and Myogenin. More importantly, the patients had extremely poor prognoses, the median EFS was
12.0 months (range 3-28.3 months) and the median OS was 27.0 months (range6-46.2 months).
Conclusion: This study demonstrates that children with RMS and bone marrow metastasis usually exhibit atypical primary sites and multiple metastases, with presentation mimicking haematological malignancies or other solid
tumors at initial presentation. Pathology and IHC analysis combined with POX-FOXO1 fusion gene detections can
effectively confirm the diagnosis. These patients are more likely to relapse or progress during early treatment and are
prone to intracranial metastasis. While multidisciplinary therapy combined with Temozolomide may prevent it, further
prospective research is required to evaluate the therapeutic effects.
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Background
Rhabdomyosarcoma (RMS) is the most common softtissue sarcoma in children and adolescents [1]. Although
children with localized RMS have a relatively favourable
prognosis, more than 35% of children presented with
metastasis at initial presentation [2]. The lymph nodes
and lungs are the most common sites of RMS metastasis. In contrast, bone marrow metastasis is uncommon,
occurring in only 6% of all RMS cases [3]. Due to the
atypical clinical features and bone marrow pathology,
most patients are misdiagnosed with haematological
malignancies or other solid tumours at initial diagnosis
presentation, and these results in delayed treatment [4].
More notably, those patients often present with highly
aggressive disease and poor prognosis, they either do not
respond to conventional therapies or relapse after treatment [5]. To date, there are few published reports on the
clinical characteristics and treatment outcomes of these
children. Therefore, in this article, we analysed the clinical characteristics, therapeutic efficacy and prognosis
of children with RMS involving bone marrow metastases and explored the therapeutic schedule for this disease. The ultimate goal of this study was to contribute to
improve prognosis for these patients.
Material and methods
Patients

This single-institution retrospective analysis included
patients with newly diagnosed RMS who had bone marrow metastasis according to bone marrow pathology and
were agedless than 18 years at diagnosis. The study was
conducted at our centre between 1st, Jan, 2006 and 31st,
Dec, 2019. This trial was approved by the Ethics Committee of Beijing Children’sHospital (2018-k-106). Informed
consent was obtained from all parents or guardians of the
participating children.
Stageing

All patients were stratified into risk groups according to
the Intergroup Rhabdomyosarcoma Study (IRS) staging system and theTNM pre-treatment staging system
(According to this system, staging is determined by the
primary tumour site, degree of tumour invasion, nodal
status, and the presence or absence of metastases; staging
is performed solely based on the preoperative workup of
imaging and physical exam) [1, 6]. The two staging measures were combined to guide the patient’s therapy.

Treatment protocol

Patients received multidisciplinary treatment, which
comprised chemotherapy, surgery and radiotherapy (RT).
Children whose tumours could be removed, received
surgery firstly; for the children whose tumours could
not be surgically removed, received biopsy and surgery
was planned after 4 -8 courses of chemotherapy. Children with IRS III-IV were required to undergo RT. As
patients with alveolar RMS(ARMS) are more likely to
relapse, those classified in the IRS I-II were also required
to undergo RT. With respect to chemotherapy, before
2016, children in the low-risk group received theVAC/
VA (V: Vincristine, A: Actinomycin, C: Cyclophosphamide) chemotherapy regimen for 8-10 cycles, Patients
in the median-risk group received the VAC/VTC
(T:Topotecan) chemotherapy regimen for 14-16 cycles
and patients in the high-risk group received VAC/VDC/
IE (D:Doxorubicin, I: Ifosfamide, E:Etoposide) regimen
for 14-16 cycles. After 2016, patients were treated in
accordance with the Chinese Children Cancer GroupRhabdomyosarcoma-2016 (CCCG-RMS-2016) protocol, which is based on the IRSG protocol and EpSSG
protocol; Carboplatin and Iosfamide or other centrally
penetrating chemotherapy drugs were added to the regimen for patients with central nervous involvement [7].
All patients received bone marrow aspiration or biopsy
to identify the presence of bone marrow infiltration.
Moreover, in order to prevent central recurrence, Temozolomide 150 mg/m2 was taken orally every 4 weeks for a
total of eight times.
Statistical analysis

The study follow-up ended on 31st, Dec,2020. The
Kaplan-Meier method was used to estimate the distribution of EFS (event-free survival) and OS (overall survival)
and the patient groups were compared with the log-rank
test. EFS were defined as the time from the beginning of
therapy to the first disease progression, recurrence, or
death from any cause. OS was defined as the time from
therapy initiation to death from any cause or conclusion
of the study. Data analysis was performed using SPSS version 22.0.

Results
Clinical characteristics of the patients

A total of 291 children were diagnosed with RMS at our
centre from 1st, Jan,2006 to 31st, Dec, 2019, but only 13
(4.5%) children had bone marrow metastasis; of these,10
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Table 1 Clinical characteristics of the 13 patients with RMS and bone marrow metastasis
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were male and 3 were female with a median age was
5.6 years (range 1.7-14 years). The median courses of
the disease was 2 months (range 0.3-4 months). The primary sites were almost all located in unfavourable sites,
and were accompanied by multiple metastatic tumours
(range 3-17);11/13 had bone involvement. The bone marrow aspirate samples of the patients comprised 8-95%
blast-like cells. The median tumour size was 6.6 cm
(range 2.4-12.9 cm). Intriguingly, several patients presented with fever, joint pain, abdominal distension or
other atypical symptoms, the lower peripheral haemogram results and similar bone marrow cytology resulted
in 9 of the 13 children being misdiagnosed with haematological malignancies or other solid tumours at initial
diagnosis. The median delay in diagnosis was 1 month
(range 0.5-3 months). Histologically, the majority of
patients (9 /13) were classified as ARMS while 4/13 cases
were classified as embryonic RMS(ERMS). Eleven children underwent special PAX-FOXO1 fusion gene testing,8 of the 13 children harboured the PAX-FOXO1 gene
fusion. The immunohistochemical (IHC) results revealed
that the patients were positive for the myogenic biomarkers Vimentin, Myo-D1, Myogenin and Desmin. The
characteristics of the 13 eligible patients are presented in
Table 1.
Therapeutic effects

All patients received chemotherapy;11/13 patients
received RT, 11 /13 patients accepted surgery and 8/13
patients took Temozolomide orally. Before 2016, 3/ 5
children had experienced local and distant progression
during early treatment, they did not undergo secondary
surgery, and all died due to the intracranial metastases.
Notably,2 /5 children had relapsed after treatment. One
patient had lung metastasis after 2 months of withdrawal
chemotherapy; he was treated with the chemotherapy,
CAR-T (Chimeric Antigen Receptor T-Cell Immunotherapy). Unfortunately, head CT showed extensive
intracranial metastasis. Despite receiving RT and surgery,
he eventually died due to progression of the intracranial
metastasis. Among the remaining eight children (after
2016), two had intracranial metastasis at initial visit, they
developed inoperable tumors during early chemotherapy
(4 months later) and died during the RT and chemotherapy. The remaining six children not only received chemotherapy, surgery and RT, and also took Temozolomide
orally to prevent intracranial metastasis. Among these
six children, one dead as the RT and chemotherapy could
not control tumour progression. Among the five surviving children, four children experienced local or metastatic recurrence, received second chemotherapy, three
patients underwent surgery for a second time and one
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patient with mutual-bone metastasis received RT and
target treatment(Temsirolimus) (Table 2, Fig. 1).
Survival

As of 31st Dec, 2020, 12/13 patients had relapsed or
experienced disease progression and 8/13 had died. All
deaths were related to the progression or recurrence of
primary tumours and metastases. The median EFS time
was12.0 months (range 3-28.3 months) and the median
OS time was 27 months (range 6-46.2 months). The
Kaplan Meier estimates of OSare showed on Fig. 2.

Discussion
RMS is an aggressive sarcoma that accounts for 50% of
all soft tissue sarcoma in children and adolescents. It is
characterized by highly malignancy and short courses. In
particular, among children with bone marrow metastasis,
the course of the disease can be less than 1 - 2 months
[8, 9]. Due to its similar symptoms and indistinguishable
histopathological results, RMS with bone marrow metastasis may mimic haematological malignancies [10–12].
There are several case reports of ARMS, accompanied by
extensive lymph node metastasis, with naive and atypical
bone marrow infiltrating cells in the bone marrow cytology smear and without an identifiable primary tumour,
these cases are often confused with acute leukemia or
lymphoma and, thus, presented a diagnostic problem [13,
14].
In the current study, all children presented with multiple metastases (such as the lymph nodes, lung, bones,
etc.) at the time of initial diagnosis. The median course
of the disease was only 2 months; four cases survived for
less than 1 month. Due to the extensive metastases and
unclear primary sites together with juvenile or rare cells
in the bone marrow smears, five children were misdiagnosed with Leukemia or NHL and four were misdiagnosed with other solid tumours. Research has shown that
the expression of skeletal muscle differentiation markers
has high specificity and sensitivity and important value
in primary and metastasis of RMS, these markers are
often used as markers for RMS diagnosis [15]. Therefore,
in consultation with the pathology departments of three
hospitals, histological examination was performed and
Desmin, Myogenin, MyoD1 and other muscle-specific
actins in immunohistochemical stains were detected.
Moreover, the PAX-FOXO1 fusion genes were detected.
The results of these investigations eventually confirmed
that the patients had RMS. The majority of patients (9
/13) were diagnosed with ARMS. Of the nine cases of
ARMS, eight cases were PAX-FOXO1 gene-positive.
The PAX-FOXO1 fusion genes, as a transcriptional
activator, affect multiple oncogenic pathways. Ommer J

Huang et al. BMC Pediatr

(2021) 21:463

Page 5 of 8

Table 2 Therapeutic schedule and outcomes of the 13 patients with RMS and bone marrow metastasis
Case

Treatment

Take

From onset

Main site of

Treatment

Follow-up
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Progression
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(m)

Outcome

1
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NO

3
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CT

6

death

2
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6
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CT

8

death
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NO

6
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8

death
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NO

15
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CT + TT
CT
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13.5
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4.3
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8
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9
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Bone
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12
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/

/
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/

14.5
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5
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7
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Abbreviations: CT Chemotherapy, RT Radiotherapy, ST Surgery treatment, CAR-T Chimeric Antigen Receptor T-Cell Immunotherapy, TT Targeted treatment

Fig. 1 The overall treatment status of the 13 children. Abbreviations: CT: chemotherapy; RT: radiotherapy;ST: Surgery treatment; CAR-T: Chimeric
Antigen Receptor T-Cell Immunotherapy; TT: Targeted treatment

[16] et al. confirmed that antisense-mediated loss of PAXFOXO1 results in cell death, underscoring the addiction
of FP-RMS cells to the fusion protein. ARMS is characterized by the presence of balanced reciprocal translocations and the PAX-FOXO1 fusion genes is expressed in

many cases, making it a clear diagnostic aid to confirm
an ARMS diagnosis in many pathology laboratories
worldwide [17, 18]. Recent studies have suggested that
about 80% of ARMS cases have either t(1;13)(p36;q14) or
t(2;13)(q35;q14), each of which results in the formation
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Fig. 2 The overall survival time of 13 children with RMS and bone marrow metastasis

of the fusion oncogenes PAX -FOXO1, respectively
[19]. Research also suggests that children with the PAXFOXO1 fusion gene tend to have metastatic tumours.
In the current study, eight ARMS patients had the PAXFOXO1 fusion gene, accompanied by multiple metastases, most of these patients had a dismal prognosis, with
recurrence occurring during treatment. Additionally, the
primary sites in these patients were usually located in
unfavorable sites (such as the pelvic cavity, mediastinum,
or limbs). Moreover, the Oberlin score was usually higher
than three, there was commonly bone marrow suppression, and patients were more likely to experience complications such as anaemia/bleeding and infection during
treatment, which also confer poorer prognosis. Therefore, RMS with bone marrow metastasis may be a fatal
diagnosis and new therapies are required to relieve the
disease [20].
Despite the combination of chemotherapy, RT and
surgery to improve the clinical outcomes, the survival of
children with metastatic RMS remains poor, with threeyear OS ranging between 34 and 56% [21, 22]. The identification of novel treatments has become a major focus
of research on RMS. The COG randomized clinical trial
of 68 children with recurrent RMS showed that children
with RMS who received Temsirolimus had superior EFS
over those who received Bevacizumab after relapse [23].
In the current study, two children received Bevacizumab

after relapse; however, these children only survived for
2 to 4 months. One child received Temsulolimus with
chemotherapy after relapse and was still surviving at the
conclusion of the study, with an OS of 46.2 months.
More importantly, among RMS metastatic patients,
fatality mainly occurs in the presence of intracranial
metastases [24]. Interestingly, the current study showed
that children with bone marrow metastases were more
inclined to intracranial metastases, four of five children
enrolled in the study before 2016 inclined to central system metastasis and all died. The oral bioavailability of
Temozolomide is nearly 100% and it easily penetrates
the blood-brain barrier; thus, it is used to treat central
nervous system tumours [25, 26]. The European Paediatric Soft-tissue Sarcoma Study Group Phase II trial also
found that Temozolomide combined with VI improved
the chemotherapy efficacy for patients with relapsed or
refractory RMS [27]. Therefore, Temozolomide combined with chemotherapy and RT was adopted to prevent
brain metastasis in the next eight cases of the current
study. While two of the eight children had extensive
intracranial metastasis at initial presentation progress,
the remaining six patients had no evidence of intracranial
metastasis throughout the study follow-up.
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Conclusions
In conclusion, this study indicates that RMS with bone
marrow metastasis is usually accompanied by multiple metastases and is difficult to distinguish from haematological malignancies and other solid tumours.
Furthermore, those patients are more likely to progress
and relapse during early treatment and tend to have
intracranial metastasis. Multimodal treatment combined
with Temozolomide may be an option to prevent the
intracranial metastasis. However, given the small sample
sizes in the current study, we are currently undertaking
prospective research to further evaluate the clinical value
of Temozolomide for RMS children.
Abbreviations
RMS: Rhabdomyosarcoma; ARMS: Alveolar RMS; RT: radiotheraphy; V: Vincristine; A: ctinomycin; C: Cyclophosphamide; T: Topotecan; D: Doxorubicin; I:
Ifosfamide; E: Etoposide; EFS: Event-free survival; OS: Overall survival; ERMS:
Embryonic RMS; CAR-T: Chimeric Antigen Receptor T-Cell Immunotherapy.
Acknowledgements
All authors would like to thank the patients and their parents.
Authors’ contributions
YS, NX and TY analyzed and interpreted the patient’s data. LJH, YL and XZ
performed the histological examination, CH, BLJ, XLM and MJ were major
contributor in writing the manuscript. All authors have read and approved the
manuscript.
Funding
This work was supported by the Pediatric Medical Coordinated Development
Center of Beijing Hospitals Authority (the role of the funder is the corresponding author); (XTYB201803).
Availability of data and materials
The data used and analyzed during the current study are available from the
corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
This study was conducted in accordance with the Declaration of Helsinki and
approved by the Institutional Review Board (IRB) of Beijing Children’s Hospital,
Capital Medical University. The patient’s parent signed an informed consent
form.
Consent for publication
Not applicable. The publication of the paper has been confirmed by all the
authors and patients’ guardians.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Medical Oncology Department, Pediatric Oncology Center, Beijing Children’s
Hospital, Capital Medical University, National Center for Children’s Health, Beijing Key Laboratory of Pediatric Hematology Ocology, Key Laboratory of Major
Diseases in Children, Ministry of Education, Beijing, China 100045. 2 Imaging
Center, Beijing Children’s Hospital, Capital Medical University, National Center
for Children’s Health, Beijing, China 100045. 3 Department of Pathology, Beijing
Children’s Hospital, Capital Medical University, National Center for Children’s
Health, Beijing, China 100045. 4 Beijing Key Laboratory of Pediatric Hematology
Oncology; National Key Discipline of Pediatrics (Capital Medical University); Key Laboratory of Major Diseases in Children, Ministry of Education;

Page 7 of 8

Hematology Oncology Center, Beijing Children’s Hospital, Capital Medical
University, National Center for Children’s Health, Beijing, China 100045.
Received: 23 February 2021 Accepted: 13 September 2021

References
1. Rhee DS, Rodeberg DA, Baertschiger RM, Aldrink JH, Lautz TB, Grant C,
American Pediatric Surgical Association Cancer Committee, et al. Update
on pediatric rhabdomyosarcoma: a report from the APSA cancer committee. J Pediatr Surg. 2020;55(10):1987–95.
2. Mascarenhas L, Chi YY, Hingorani P, Anderson JR, Lyden ER, Rodeberg DA,
et al. Randomized phase II trial of Bevacizumab or Temsirolimus in combination with chemotherapy for first relapse rhabdomyosarcoma: a report
from the Children’s oncology group. J Clin Oncol. 2019;37(31):2866–74.
3. Weiss AR, Lyden ER, Anderson JR, Hawkins DS, Spunt SL, Walterhouse DO,
et al. Histologic and clinical characteristics can guide staging evaluations
for children and adolescents with rhabdomyosarcoma: a report from the
Children’s oncology group soft tissue sarcoma committee. J Clin Oncol.
2013;31(26):3226–32.
4. Shah A, Weber J, Floerke A, Blanco L, Santa-Maria C, Aguinik M, et al. Synchronous breast cancer and alveolar rhabdomyosarcoma bone marrow
metastases. Radiol Case Rep. 2018;13(3):680–4.
5. Doyen J, Jazmati D, Geismar D, Frisch S, Schleithoff SS, Vermeren X, et al.
Outcome and patterns of relapse in childhood Parameningeal rhabdomyosarcoma treated with proton beam therapy. Int J Radiat Oncol Biol
Phys. 2019;105(5):1043–54.
6. Spunt SL, Million L, Chi YY, Anderson J, Tian J, Hibbitts E, et al. A risk-based
treatment strategy for non-rhabdomyosarcoma soft-tissue sarcomas in
patients younger than 30 years (ARST0332): a Children’s oncology group
prospective study. Lancet Oncol. 2020;21(1):145–61.
7. Ma XL, Tang JY. Interpretation of recommendations for the diagnosis and treatment of rhabdomyosarcoma in Chinese children and
adolescents(CCCG-RMS-2016). Chin J Pediatr. 2017;55(10):735–7.
8. Bisogno G, Congiu G, Affinita MC, Milano GM, Zanetti I, Coppadoro B,
et al. Role of centers with different patient volumes in the management
of rhabdomyosarcoma. An analysis by the Italian pediatric soft tissue
sarcoma committee. Pediatr Blood Cancer. 2021:e29234. https://doi.org/
10.1002/pbc.29234372.
9. Egas-Bejar D, Huh WW. Rhabdomyosarcoma in adolescent and
young adult patients: current perspectives. Adolesc Health Med Ther.
2014;5:115–25.
10. Bailey KA, Wexler LH. Pediatric rhabdomyosarcoma with bone marrow
metastasis. Pediatr Blood Cancer. 2020;67(5).
11. Su Y, Wang X, Yang J, Zhao W, Duan C, Jin M, et al. Alveolar rhabdomyosarcoma with bone marrow metastasis causes disseminated intravascular
coagulation. Pediatr Investig. 2018;2(4):263–6.
12. Pasvolsky O, Heiman L, Popovtzer A, Zimra Y, Rabizadeh E, Barshack I, et al.
Genomic analysis of metastatic rhabdomyosarcoma masquerading as
acute leukemia. Pathol Res Pract. 2020;216(1):152779.
13. Sarkar D, Ray S, Saha M, Chakrabarti P. Alveolar rhabdomyosarcoma with
multiple distal metastases. A case report and review of literature. BMJ
Case Rep. 2012:bcr2012006523. https://doi.org/10.1136/bcr-2012-006523.
14. Tailor IK, Motabi I, Alshehry N, Zaidi S, Algwaiz L. Alveolar rhabdomyosarcoma masquerading as Burkitt’s lymphoma in bone marrow. Hematol
Oncol Stem Cell Ther. 2015;8(1):38–9.
15. Nazco Deroy Á, Martín Batista S, Álvarez-Argüelles Cabrera H, García
Hernández S, Raya Sánchez JM. Nasal embryonal rhabdomyosarcoma
with bone marrow metastasis simulating acute leukemia: a case report
and review of the literature. Rev Esp Patol. 2019;52(2):87–91.
16. Ommer J, Selfe JL, Wachtel M, O’Brien EM, Laubscher D, Roemmele M,
et al. Aurora a kinase inhibition destabilizes PAX3-FOXO1 and MYCN and
synergizes with Navitoclax to induce rhabdomyosarcoma cell death.
Cancer Res. 2020;80(4):832–42.
17. Helm BR, Zhan X, Pandya PH, Murray ME, Pollok KE, Renbarger JL, et al.
Gene co-expression networks restructured gene fusion in rhabdomyosarcoma cancers. Genes (Basel). 2019;10(9):665.

Huang et al. BMC Pediatr

(2021) 21:463

18. Asif A, Mushtaq S, Hassan U, Akhtar N, Hussain M, Azam M, et al. Fluorescence in situ hybridization (FISH) for differential diagnosis of soft tissue
sarcomas. Asian Pac J Cancer Prev. 2018;19(3):655–60.
19. Missiaglia E, Williamson D, Chisholm J, Wirapati P, Pierron G, Petel F, et al.
PAX3/FOXO1 fusion gene status is the key prognostic molecular marker
in rhabdomyosarcoma and significantly improves current risk stratification. J Clin Oncol. 2012;30(14):1670–7.
20. Oberlin O, Rey A, Lyden E, Bisogno G, Stevens MC, Meyer WH, et al.
Prognostic factors in metastatic rhabdomyosarcomas: results of a pooled
analysis from United States and European cooperative groups. J Clin
Oncol. 2008;26(14):2384–9.
21. Aye JM, Chi YY, Tian J, Rudzinski ER, Binitie OT, Dasgupta R, et al. Do children and adolescents with completely resected alveolar rhabdomyosarcoma require adjuvant radiation? A report from the Children’s oncology
group. Pediatr Blood Cancer. 2020;67(5).
22. Rizzo A, Pantaleo MA, Saponara M, Nannini M. Current status of the adjuvant therapy in uterine sarcoma: a literature review. World J Clin Cases.
2019;7(14):1753–63.
23. Indelicato DJ, Kao SC, Dasgupta R, Spunt SL, Meyer WH, Hawkins DS.
Randomized phase II trial of Bevacizumab or Temsirolimus in combination with chemotherapy for first relapse rhabdomyosarcoma: a report
from the Children’s oncology group. J Clin Oncol. 2019;37(31):2866–74.

Page 8 of 8

24. Pierobon M, Ferrari A, Scarzello G, Tamburini A, Quaglietta L, Ruggiero A,
et al. Central nervous system involvement in children and adolescents
with rhabdomyosarcoma. A report from the AIEOP soft tissue sarcoma
committee. Neurooncol Pract. 2018;5(4):241–5.
25. Setty BA, Stanek JR, Mascarenhas L, Miller A, Bagatell R, Okcu F, et al. VIncristine, irinotecan, and temozolomide in children and adolescents with
relapsed rhabdomyosarcoma. Pediatr Blood Cancer. 2018;65(1). https://
doi.org/10.1002/pbc.26728.
26. Moghadam AR, da Silva Rosa SC, Samiei E, Alizadeh J, Field J, Kawalec P,
et al. Autophagy modulates temozolomide-induced cell death in alveolar
rhabdomyosarcoma cells. Cell Death Dis. 2018;4:52.
27. Defachelles AS, Bogart E, Casanova M, Merks JHM, Bisogno G, Calareso
G, et al. Randomized phase II trial of Vincristine-Irinotecan with or
without Temozolomide, in children and adults with relapsed or refractory
rhabdomyosarcoma: a European paediatric soft tissue sarcoma study
group and innovative therapies for children with cancer trial. J Clin Oncol.
2021;39(27):2979–90.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

