Received: 14 September 2022 Revised: 17 October 2022 Accepted: 2 November 2022

IETE INTER!

DOI: 10.1002/pbc.30116 Pediatric s h
Blood & as p O
BRIEF REPORT Cancer  Femesm, reanciomaeooncoioy WI LEY

Malignant ectomesenchymoma in children: The European
pediatric Soft tissue sarcoma Study Group experience

Giuseppe Maria Milano' @ | Daniel Orbach?® | Michela Casanova® |

Pablo Berlanga* | Reineke A.Schoot® | Nadege Corradini® | Bernadette Brennan’ @ |
Gema L. Ramirez-Villar® ® | Lisalyngsie Hjalgrim® | MaxM.vanNoesel>'°® |

Rita Alaggio'* | AndreaFerrari®

IHematology/Oncology, Ospedale Pediatrico Bambino Gesti IRCCS, Rome, Italy

2S|REDO Oncology Center, Institut Curie, PSL University, Paris, France

3Pediatric Oncology Unit, Fondazione IRCCS Istituto Nazionale Tumori, Milano, Italy

4Department of Pediatric and Adolescent Oncology, Gustave-Roussy, Cancer Campus, Université Paris-Saclay, Villejuif, France
5Princess Maxima Center for Pediatric Oncology, Université Paris-Saclay, Utrecht, The Netherlands

6Department of Pediatric Oncology, Institut d’Hematologie et d’Oncologie Pédiatrique,/Centre, Léon Bérard, Lyon, France
7Pediatric Oncology, Royal Manchester Children’s Hospital, Manchester, UK

8Pediatric Oncology Unit, Hospital Universitario Virgen del Rocio, Sevilla, Spain

?Department of Pediatrics and Adolescent Medicine, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark
19Djvision Imaging&Cancer, University Medical Center, Utrecht, The Netherlands

11pathology Department, Ospedale Pediatrico Bambino Gesti IRCCS, Rome, Italy

Correspondence
Giuseppe Maria Milano, Abstract
Hematology/Oncology, Ospedale Pediatrico
Bambino Gesu IRCCS, Piazza sant’onofrio, 4
00165 Rome, Italy. young children, currently included in the category of skeletal muscle malignancies and
Email: giuseppemaria.milano@opbg.net

Malignant ectomesenchymoma (MEM) is an extremely rare soft tissue tumor typical of

characterized by a neuroblastic component. This study describes a series of 10 patients
Rita Alaggio and Andrea Ferrari are co-last prospectively registered in the European paediatric Soft tissue sarcoma Study Group
authors. (EpSSG) database Of the 10 cases, seven had an initial local diagnosis of rhabdomyosar-
coma. All patients received chemotherapy according to rhabdomyosarcoma strategy,
four had radiotherapy. Overall, six patients were alive in first remission, two in second
remission and one after second tumor. Only the patient with initially metastatic tumor

died of disease.
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1 | INTRODUCTION

Abbreviations: EFS, event-free survival; EpSSG, European paediatric Soft tissue sarcoma
Study Group; IRS, Intergroup Rhabdomyosarcoma Study; MEM, Malignant
ectomesenchymoma; NRSTS, non-rhabdomyosarcoma soft tissue sarcomas; OS, overall
survival; RMS, rhabdomyosarcoma; TNM, tumor-nodes-metastases. sue tumor whose histogenesis has been debated over the years.

Malignant ectomesenchymoma (MEM) is an extremely rare soft tis-
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Originally considered a malignancy derived from neural crest, it is now
included in the category of skeletal muscle malignancies. However,
the diagnostic criteria for MEM have remained unchanged over the
classifications. The current WHO classification for soft tissue tumors
identifies as essential diagnostic criteria for MEM the histologic evi-
dence of embryonal rhabdomysarcoma (RMS) areas intermixed with
a neuroblastic component (neurons, ganglioneuroma, ganglioneurob-
lastoma, or neuroblastoma), confirmed by positive immunostaining for
desmin/myogenin and synaptophysin.> Although only few cases have
been molecularly investigated, the evidence of HRAS pathogenic vari-
ants highlighted in a small series, together with clinical findings and
response to therapeutic strategies used for RMS, support the hypothe-
sis that MEM might have a histogenetic relationship with RMS.2

MEM characteristically occurs in the first 2 years of life and gener-
ally has aggressive clinical behavior.3* The best treatment approach
remains to be defined, in particular, the role of systemic therapy:
discussions remain if chemotherapy should be directed against the
mesenchymal or the neuroectodermal component.

The aim of this study is to describe the clinical findings of a series
of pediatric patients with a diagnosis of MEM prospectively regis-
tered in European paediatric Soft tissue sarcoma Study Group (EpSSG)
protocol dedicated to non-rhabdomyosarcoma soft tissue sarcomas
(NRSTS).

2 | METHODS

The analysis was based on all patients registered within the EpSSG
NRSTS 2005 study (European Union Drug Regulating Authorities Clini-
cal Trials [EUDRACT] No. 2005-001139-315). The EpSSG NRSTS 2005
study (2005-2016) involved 100 enrolling academic centers and hospi-
tals from 14 different countries, and included two prospective, nonran-
domized, historically controlled trials (for localized adult-type NRSTS
and for localized synovial sarcoma) and clinical recommendations for
other histotypes including MEM.>

For the current analysis, inclusion criteria were (i) a pathologically
proven diagnosis of MEM; (ii) age under 21 years; (i) no previous treat-
ment except for primary surgery; (iv) no pre-existing illness preventing
treatment; (v) no previous malignant tumors; and (vi) written consent
for inclusion in the study.

Tumor stage was assigned according to the clinical tumor-
nodes-metastases (TNM) pre-treatment staging system® and the
Intergroup Rhabdomyosarcoma Study (IRS) post-surgical grouping
system.”

EpSSG NRSTS 2005 recommendations suggested treating patients
with MEM following therapeutic guidelines adopted for high-risk RMS
rhabdomyosarcoma, that is, chemotherapy with ifosfamide, vincristine,
actinomycin-D (IVA) or ifosfamide, vincristine, actinomycin-D, dox-
orubicin (IVADo), for nine courses, plus surgery and/or radiotherapy
according to the risk of local failure.8?

For the current descriptive analysis, 5-year overall survival (OS) and
event-free survival (EFS) of the whole population were calculated. OS
was defined as time from start of treatment to death from any cause

or last follow-up for patients alive. EFS was defined as time from start

of treatment to first failure (disease progression, relapse, secondary
malignancy or death from any cause), whichever occurred first. Data
cut off was at June 10, 2022.

3 | RESULTS

Between May 31, 2005 and Dec 31, 2016, 1321 patients were
recruited in the EpSSG NRSTS 2005 study. Among them, nine had a
diagnosis of localized MEM (0.8%). One additional case with metastatic
disease was registered but not considered eligible (for the presence
of metastases). The current cohort included therefore 10 patients,
six males, four females with age range 4 months-6 years (median 17
months). All cases underwent international and/or national central his-
tological review by EpSSG pathology panel. Fusion status was available
for all cases: all were negative for FOXO1.

Of the 10 cases, only three had an initial local diagnosis of MEM.
In the other cases, the initial local diagnosis was RMS (five embry-
onal, one alveolar, one spindle cells RMS) and diagnosis was mod-
ified to MEM after central review. Histologically, all MEM but one
showed a predominant morphology of embryonal RMS with scat-
tered areas characterized by isolated mature ganglion cells or in
small clusters within a context of slender elongated cells with nuclei
typical of Schwann cells. Immunostains for S100 and synaptophysin
highlighted the schwannian component and ganglion cells, respec-
tively. In two cases, scattered synaptophysin positive cells with a
more immature morphology, difficult to distinguish from primitive
rhabdomyoblastic cells, had led to interpretation of it as an aber-
rant expression of neuroectodemal markers in an RMS in absence
of evident ganglion cells. The elongated slender cells, representing
Schwann cells, had led to the initial diagnosis of spindle cell RMS
in one case. The only MEM originally diagnosed as alveolar RMS
showed a focal solid alveolar pattern, with scattered neuroblast and
immature ganglion cells. Neuroblastoma-like areas were absent in all
cases.

Clinical characteristics and treatment modalities of the 10 patients
are described in Table 1.

Genito-urinary site was the primary tumor site in six cases (three
paratesticular, two bladder-prostate, one vagina). Two patients had
regional nodal involvement, and one had pulmonary metastases.

Multi-modal treatment included chemotherapy in all cases and
radiotherapy in four (one protontherapy). In the five patients with
measurable disease, response to chemotherapy was as follows: three
partial response and one progressive disease (unknown in one case).

At the time of the current analysis, six patients were alive in first
remission. Two patients with initially localized disease had local/loco-
regional relapse and were salvaged with second-line therapy (Table 1).
The patient with initially metastatic tumor died of disease. Finally,
a patient with localized MEM developed secondary acute myeloid
leukemia after 15 months off therapy: she was treated for the second
tumor and she was alive in remission from both tumors at the time of
this report. The patient was tested for underlying genetic predisposi-
tion, with negative results (in particular, the patient was negative for
TP53).
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TABLE 2 Comparison of the clinical characteristics of three series on malignant ectomesenchymoma, that is, the Intergroup
Rhabdomyosarcoma Study (IRS), the Cooperative Weichteilsarkom Studiengruppe (CWS), and the European paediatric Soft tissue sarcoma Study

Group (EpSSG) series

Series Clinical findings

Boué DR, et al, 2000
IRS series; study period 1985-1996;
15 patients

8 males, 7 females;
age 6 months-15 years;

region, one limb
stage: 2N1,2N1M1

Dantonello TM, et al. 2013
CWS series; study period 1996-2009;
six cases

tumor sites: external genital 5 (four paratesticular, one
vulva), 6 pelvis-abdomen (two uterus), 3 head-neck

three males, three females;
age 3 months-13 years (median 6 months);
tumor sites: 3 limbs, 2 trunk, 1 orbit;

Treatment and outcome

No data on treatment;

five alive disease free

five alive with disease (four lost at
follow-up)

five dead of disease

Five of six had chemotherapy;
three relapses, one dead of disease (the
patient with initial M1 disease)

stage: 5 localised, 1 metastatic

Current series Six males, for females;
EpSSG series; study period 2005-2016;

10 cases

stage: 1N1, 1N1M1

age 4 months-6 years (median 17 months);

tumor sites: 6 genito-urinary sites (3 paratesticular,
2 bladder-prostate, 1 vagina), 2 head-neck region
(1 orbit, 1 parotid gland), 1 pelvis, 1 abdominal wall

All had chemotherapy, 4 radiotherapy;

six alive disease free

two alive in second remission

one alive after second malignancy

one dead of disease (the patient with
initial M1 disease)

Abbreviations: CWS, Cooperative Weichteilsarkom Studiengruppe; EpSSG - European paediatric Soft tissue sarcoma Study Group; IRS, Intergroup
Rhabdomyosarcoma Study; M1 - distant metastases; N1 - regional lymph node metastases.

With a median follow-up of 83 months (range 16-148 months), 5-
year EFS and OS were 63% and 91%, respectively.

4 | DISCUSSION

The current study described clinical findings, treatment and outcome
of a series of pediatric patients with MEM prospectively registered in
EpSSG NRSTS 2005 study.

Our study highlights the possibility that a subset of MEM are initially
misdiagnosed and treated as RMS. In our series, seven out of 10 cases
were originally diagnosed as RMS.

According to our experience, this tumor mainly occurred in young
children, mainly arising at genito-urinary sites. With a multidisci-
plinary approach borrowed from the treatment of RMS, the overall
outcome of patients with localized MEM was satisfactory, with two
loco-regional relapses out of nine cases. Our study can be compared
with previous published experiences, the IRS series (15 cases)* and the
report from the Cooperative Weichteilsarkom Studiengruppe (CWS)
(six cases).3 Table 2 summarizes clinical features and outcomes of these
cohorts.

More in-depth histological and molecular investigations are needed
to better study the biphenotypic differentiation of MEM and the role of
the different components. The largest series (15 cases, from the IRS),
published before the advent of extensive molecular characterization
of RMS, suggested the prognostic implication of the RMS component,
with alveolar component carrying a worse prognosis.* Other reports
suggested that the persistence of neuroectodermal component and
its easier detection in surgical specimens might be related to a minor
response to the treatment regimens for RMS.10

A better understanding of the tumorogenesis may help in defin-
ing the more adequate systemic treatment with the current available

regimens, and to identify new pathways to select novel therapeutic
agents.

Waiting for further molecular characterization that might lead to
identify biologic findings related to aggressive behaviors and treat-
ment resistance, we propose to treat these patients according to the
RMS therapeutic strategy, with multi-agents prolonged regimen and
local therapy according to patient’s age, tumor extension, tumor site,

and surgical stage.
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