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RESUMO

Este estudo abrangente sobre rabdomiossarcomas de cabega e pescogo visa aprimorar a
compreensdo dessas neoplasias malignas de alto grau, especialmente prevalentes em criangas e
adolescentes, representando aproximadamente 50% dos sarcomas de tecidos moles na
populagdo pediatrica. A complexidade clinica e morfoldgica desses tumores demanda
abordagens multidisciplinares para diagnostico, tratamento e prognoéstico eficazes, justificando
o desenvolvimento de estudos clinicos, patologicos e biologicos. O presente estudo, dividido
em trés capitulos, tem como objetivo analisar as caracteristicas clinicopatologicas, imuno-
histoquimicas e moleculares dos rabdomiossarcomas de cabeca e pescoco. No primeiro
capitulo, uma revisdo sistematica destaca as alteragcdes genéticas desses tumores, enfatizando a
prevaléncia do tumor primario nas localizagdes parameningeas em pacientes pediatricos. A
variante alveolar foi a mais comum e estd caracterizada pela fusdo PAX-FOXOI em
aproximadamente 80% dos casos. A identificacdo da mutacdo MYODI na variante de células
fusiformes/esclerosantes correlacionou-se com uma taxa de mortalidade mais elevada,
enquanto a sobrevida global em 5 anos foi de 61,3%. O segundo capitulo apresenta trés novos
casos de rabdomiossarcoma com rearranjos 7FCP2, um subtipo raro que afeta
predominantemente a regido maxilofacial em adultos jovens. Esses casos revelaram uma
notavel agressividade do tumor, especialmente nos ossos craniofaciais. O diagnoéstico foi
estabelecido por meio de uma abordagem integrada envolvendo correlagdo clinicopatologica e
analise molecular confirmada por hibridizagdo in situ por fluorescéncia (FISH). O terceiro
capitulo, um estudo colaborativo internacional retrospectivo, analisa 44 casos pediatricos de
rabdomiossarcoma de cabeca e pescoco em paises em desenvolvimento. Ressaltou-se a
prevaléncia da variante embrionaria e a expressdo variavel para desmina, miogenina e Myo-
DI. Diferengas na expressdo de marcadores substitutos, como AP23 e HMGA?2, sugerem
subgrupos de rabdomiossarcomas com fusao positiva € negativa, porém sao necessarios mais
estudos para valida-los. Em conjunto, esses estudos destacam a complexidade desses tumores,
enfatizando a necessidade de abordagens multidisciplinares e pesquisas adicionais para validar
marcadores prognésticos e aprimorar a compreensdo dessas neoplasias raras, fornecendo

insights cruciais para estratégias terapéuticas mais eficazes.

Palavras-chave: Rabdomiossarcoma. Cabeca. Pescoco. Pediatria. Criangas. Adolescentes.

Molecular.



ABSTRACT

This comprehensive study on head and neck rhabdomyosarcomas aims to enhance the
understanding of these high-grade malignant neoplasms, particularly prevalent in children and
adolescents, representing approximately 50% of soft tissue sarcomas in the pediatric
population. The clinical and morphological complexity of these tumors necessitates
multidisciplinary approaches for effective diagnosis, treatment, and prognosis, justifying the
development of clinical, pathological, and biological studies. The present study, divided into
three chapters, analyzes the -clinicopathological, immunohistochemical, and molecular
characteristics of head and neck rhabdomyosarcomas. In the first chapter, a systematic review
highlights the genetic alterations of these tumors, emphasizing the primary tumor location in
parameningeal tissues in pediatric patients. The most common variant is alveolar
rhabdomyosarcoma, characterized by PAX-FOXOI fusion in approximately 80% of cases.
Identifying the MYODI mutation in the spindle cell/sclerosing variant correlates with a higher
mortality rate, while the 5-year overall survival is 61.3%. The second chapter presents three
new cases of rhabdomyosarcoma with 7FCP2 rearrangements, a rare subtype predominantly
affecting the maxillofacial region in young adults. These cases reveal remarkable tumor
aggressiveness, especially in the craniofacial bones. The diagnosis is established through an
integrated approach involving clinicopathological correlation and molecular analysis,
confirmed by fluorescence in sifu hybridization (FISH). The third chapter, an international
collaborative retrospective study, analyzes 44 pediatric head and neck rhabdomyosarcoma cases
in developing countries. The prevalence of the embryonal variant and variable expression for
desmin, myogenin, and Myo-D1 are noteworthy. Differences in surrogate marker expressions,
such as AP2p and HMGA?2, suggest subgroups of rhabdomyosarcomas with positive and
negative fusion. However, more studies are needed to validate them. In summary, these studies
underscore the complexity of these tumors, emphasizing the need for multidisciplinary
approaches and additional research to validate prognostic markers and enhance the
understanding of these rare neoplasms, providing crucial insights for more effective therapeutic

strategies.

Keywords: Rhabdomyosarcoma. Head. Neck. Pediatric. Children. Adolescents. Molecular.
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1 INTRODUCAO

O rabdomiossarcoma (RMS) € uma neoplasia maligna originada de células mesenquimais
primitivas com diferentes graus de diferenciagdo miogénica (Saab et al., 2011). Sua incidéncia
¢ de 4,5 a 4,9 pacientes/milhdo em individuos com idade <20 anos nos Estados Unidos e <15
anos na Europa, representando cerca de 7% das malignidades pediatricas e menos de 1% em
adultos (Dasgupta et al., 2016; Skapek et al., 2019). Apesar da baixa incidéncia, 0o RMS ¢ o
sarcoma de tecidos moles mais comum em criangas e adolescentes, com leve predilecao pelo
sexo masculino. A apresentagdo ocorre bimodalmente, com o primeiro pico entre 2 e 6 anos e
o segundo na adolescéncia, enquanto a faixa etaria varia em adultos (Dziuba et al., 2018; Ruiz-

Mesa et al., 2015; Skapek et al., 2019).

Embora a maioria dos casos de RMS se origine de forma esporadica, a etiologia deste
tumor pode estar relacionada a fatores genéticos observados em sindromes como Li-Fraumeni,
neurofibromatose, Beckwith-Wiedemann e Costello, associados a uma maior probabilidade de
desenvolvimento de RMS. Além disso, exposi¢des ambientais como tabagismo, idade materna
avancada, exposi¢ao a radiacdo, uso materno de antibidticos e uso recreativo materno de drogas
também foram associadas a ocorréncia da doenga (Martin-Giacalone et al., 2021; Radzikowska

et al., 2015; Skapek et al., 2019).

O RMS pode originar-se em diversas partes do corpo, ¢ a localizagdo anatomica mais
comum do tumor varia conforme o grupo etario. Em pacientes pediatricos, a regido de cabeca
e pescoco ¢ o local mais frequentemente afetado, seguido pelo trato geniturinirio e
extremidades (Dasgupta et al., 2016; Saab et al., 2011). Em contraste, o RMS em adultos ocorre
mais frequentemente nas extremidades, seguido pelo tronco, trato geniturinario e, por ultimo,
na regiao de cabeca e pescogo (Chen et al., 2017; Chen et al., 2022; Sultan et al., 2009). Com
base na localiza¢do anatomica do tumor primario, os RMSs de cabeca e pescoco podem ser
classificados em: a) orbital, b) parameningeo (ouvido médio, nasofaringe, cavidades nasais,
seios paranasais, fossas: infratemporal e pterigopalatina) e ¢) ndo-parameningeo (cavidade oral,

nariz, orelha, face, couro cabeludo, pescoco e glandulas salivares) (Turner e Richmon, 2011).

Altima classificagdo da Organizagao Mundial da Saude (OMS) para tumores 0sseos e de
tecidos moles divide o RMS em quatro variantes histopatoldgicas: embriondrio, alveolar, de
células fusiformes/esclerosantes e pleomorfico (WHO, 2020). No entanto, os avangos
moleculares dos tltimos anos também contribuiram para a subclassificagdo dos RMSs com base

em alteragdes genéticas. Do ponto de vista molecular, a presencga ou auséncia da fusdo dos genes
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PAX3/7-FOXOI permite subdividir os RMSs alveolares como RMS de fusdo positiva ou
negativa. Adicionalmente, os RMSs de células fusiformes/esclerosantes sdo divididos com base
em suas alteracdes genéticas em trés grupos: a) congénito ou infantil com fusdes genéticas
associadas aos genes VGLL2, NCOAI1/2 e SRF, b) RMS com mutagao do gene MYODI e ¢) o
RMS com rearranjo do gene TFCP2 (Agaram et al., 2019; Agaram, 2022).

A abordagem terapéutica para o RMS ¢ multimodal, envolvendo cirurgia, quimioterapia e
radioterapia conforme os protocolos estabelecidos por ensaios clinicos desenvolvidos por
grupos europeus e norte-americanos que trabalham em colaboracdo para estudar o RMS
(International Society of Pediatric Oncology—Malignant Mesenchymal Tumor Committee
(SIOPMMT), Soft Tissue Sarcoma Cooperative Group (Cooperative Weichteilsarkomen
Studie-CWS), e Italian Soft Tissue Sarcoma Committee (STSC), North American Intergroup
Rhabdomyosarcoma Study Group (IRSG) e Children’s Oncology Group (COG)). Os pacientes
recebem tratamento de acordo com o risco, determinado pela estratificacdo em grupos de risco,
considerando as caracteristicas clinicopatologicas (Arndt et al., 2018; Darwish et al., 2020;

Hettmer et al., 2022).

Durante varias décadas, os estudos colaborativos internacionais, incluindo ensaios clinicos
randomizados e ndo randomizados, bem como estudos observacionais e epidemioldgicos em
diversas instituicdes de referéncia em varios paises, contribuiram para uma melhor
compreensdo do comportamento bioldgico do RMS. Apesar dos avangos e dos conhecimentos
gerados sobre este tumor, ainda representa um desafio diagnostico devido as variabilidades
morfoldgicas e de apresentacdo clinica, que podem resultar em diagnostico tardio, levando a
tratamentos mais radicais, pior prognostico e baixa qualidade de vida para os pacientes
(Darwish et al., 2020; Ruiz-Mesa et al., 2015). Portanto, este trabalho teve como objetivo
analisar as caracteristicas clinicopatoldgicas, imuno-histoquimicas e moleculares dos RMS que
afetam a regido de cabeca e pescoco por meio de uma revisdo sistematica, trés casos clinicos e

um estudo observacional retrospectivo, os quais serdo apresentados como artigos cientificos.
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Abstract

Objective: This systematic review aimed to identify the molecular alterations of head and neck
rhabdomyosarcomas (HNRMS) and their prognostic values. Study Design: An electronic
search was performed using PubMed, Embase, Scopus, and Web of Science with a designed
search strategy. Inclusion criteria comprised cases of primary HNRMS with an established
histopathological diagnosis and molecular analysis. Forty-nine studies were included and were
appraised for methodological quality using the Joanna Briggs Institute Critical Appraisal tools.
Five studies were selected for meta-analysis. Results: HNRMS predominantly affects pediatric
patients (44.4%), and the parameningeal region (57.7%) is the commonest location. The
alveolar variant (43.2%) predominates over the embryonal and spindle cell/sclerosing types,

followed by the epithelioid and pleomorphic variants. PAX-FOXO1 fusion was observed in 103
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(79.8%) cases of alveolar RMS. MYOD1 mutation was found in 39 cases of sclerosing/spindle
cell RMS (53.4%). FUS/ EWSRI-TFCP?2 gene fusions were identified in 21 cases of RMS with
epithelioid and spindle cell morphology (95.5%). The 5-year overall survival rate of patients
was 61.3%, and MYOD1 mutation correlated with significantly higher mortality. Conclusion:
The genotypic profile of histologic variants of HNRMS is widely variable, and MYODI

mutation could be a potential prognostic factor, but more studies are required to establish this.
Keywords: Rhabdomyosarcoma, head and neck, molecular, systematic review.

Introduction

Rhabdomyosarcoma (RMS) is an aggressive malignant neoplasm microscopically
characterized by skeletal myoblast-like cells 2. It is the most common soft tissue sarcoma in
children and adolescents, with 35-40% involving the head and neck region compared to adult

tumors that represent less than 1% of all malignancies .

There are four histopathological subtypes of rhabdomyosarcoma, including embryonal,
alveolar, pleomorphic, and spindle cell/sclerosing . These tumors may be further subdivided
based on their genetic alterations and expression profiles. Approximately 80% of alveolar
RMSs present with chromosomal translocations that result in PAX3/7-FOXO1 fusion genes,
which is important since fusion positive neoplasms exhibit different clinical and biological
behavior. Hibbitts et al. 7 found that the 5-years overall survival was 65% in FOXO!I positive
RMS in a series of patients from the Children's Oncology Group and confirmed that after
metastatic status, FOXOI fusion is the most important prognostic factor in childhood RMS.
Moreover, several genetic abnormalities in spindle cell/ sclerosing RMS described in recent
years have led to a sub-classification of this tumor type into three groups: congenital spindle
cell RMS with VGLL2/NCOA2/CITED2 rearrangements, MYODI-mutant spindle
cell/sclerosing RMS, and intraosseous RMS with EWSRI/FUS-TFCP2 or MEIS-NCOA2

fusions %°.

Molecular profiling of tumors to identify targetable alterations has led to rapid
development and evolution in precision oncology with widespread and mainstream clinical use
10 Tn RMS, these molecular investigations can complement clinical and microscopic analysis
to corroborate or discover molecular markers allowing risk and treatment stratification of
patients !!. This systematic review aimed to analyze the molecular features of head and neck

RMS (HNRMS) variants and their correlation with prognosis.
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Methods

Protocol and registration

The present systematic review followed the PRISMA guidelines '2. A protocol on its
methodology was registered on the platform of the International Prospective Register of
Systematic Reviews (PROSPERO) '3 under the number CRD42020172454. The review
question was, “Are there molecular prognostic factors in the different histopathological variants

of rhabdomyosarcomas that arise in the head and neck region?”

Eligibility criteria

The inclusion criteria were as follows: a) articles appraising cases of primary HNRMS
with a well-described histopathological and molecular diagnosis; b) randomized and non-
randomized clinical trials, cohort, cross-sectional and case-control studies, case series or case

reports published in the English, Portuguese, or Spanish language.

The exclusion criteria encompassed: a) reviews, congress annals, conference abstracts;
b) full texts articles not available; c¢) studies including RMS located in different body sites, and
did not individualize data for HNRMS.

Information sources and search strategy

Electronic searches without publication date restriction were undertaken on October 20,
2020. The following databases: PubMed/MEDLINE, Scopus, Embase, and Web of Science
were assessed using a developed search strategy (Supplement Table S1). An additional hand-
screen across reference lists of included studies was carried out for potentially relevant studies.
Rayyan Qatar Computing Research Institute (QCRI) '* was used to remove duplicate
references. An updated search was conducted on April 6, 2021, using the same strategy as the
original search; however, it was limited by the date of publication from October 2020 to April

2021.

Study selection

All articles were reviewed in two phases by two authors independently. First, the titles
and abstracts were reviewed, and the studies that met the inclusion criteria were selected. Then,
the full-text of the studies included in phase one was assessed, and those that fulfilled the
eligibility criteria were included for the qualitative synthesis. The disagreement between the

reviewers was resolved through discussion or consultation with a third author.
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Data collection process

The following data were obtained for each included study: author(s), year of publication,
country, sample size, type of study, sex and age of patients, site, size, histopathologic variant,
immunohistochemical profile, molecular studies, genetic alterations, stage of disease,
treatment, presence or absence of recurrence/metastasis, time of follow-up, and status of the

patient at last follow-up.

Risk of bias between studies

Two reviewers who used the Joanna Briggs Institute (JBI) Critical Appraisal tools '°
assessed the risk of bias in the included articles and categorized it as high, moderate, or low.
Disagreements between reviewers were resolved through discussion or consultation with a third

author.

Quantitative synthesis

Qualitative and quantitative data were descriptively presented. All cases of HNRMS
with documented patients’ follow-up time and status were selected for statistical analysis. The
clinicopathological and molecular features (age, sex, site, size, histopathological variant,
genetic profile, stage, presence of recurrence and/or metastasis, and treatment) were correlated
with the patients’ status (dead or alive) using the Chi-square or Fisher's exact test. The Kaplan-
Meier method was used to calculate overall survival (OS) rates, while the difference between
survival curves was investigated using the univariate Log-Rank test. In addition, a univariate
Cox proportional hazard regression model was employed to identify potential prognostic
factors. A multivariate Cox regression model was created using all variables that reached a p-
value < 0.10. The analyses were carried out using SPSS software version 22.0 (IBM

Corporation, Armonk, NY), and a p-value < 0.05 was considered statistically significant.

Additionally, the associations between odds of death, recurrence, and metastasis with
molecular alterations of HNRMS were assessed through meta-analyses following the
appropriate Cochrane Guidelines '6. The forest plots were performed using the Review
Manager® 5.4 software (RevMan 5.4, The Nordic Cochrane Centre, Copenhagen, Denmark),
including the total number of patients with molecular alterations and the number of patients
who succumbed to death, presented recurrence and/or metastasis. The outcomes were measured
using the dichotomous analysis of odds ratio (OR), considering 95% CI. The statistical
heterogeneity was determined using the inconsistency index (1?), and a random-effect model

was applied due to the heterogeneity of the studies.
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Results
Study selection

In the original search, 859 records were collected from the electronic databases. After
removing duplicates, 498 articles were screened by title and abstract, resulting in 101 studies
that underwent full-text assessment. On search update, 27 references were identified from the
databases; after duplicate removal, the title and abstract of 15 studies were screened, and full-
text reading was conducted in seven studies. Seventy-one articles were excluded, and the
reasons for exclusion are listed in Supplement Table S2. Additionally, 12 studies '7-2® were
included from the manual search across reference lists of selected studies. Forty-nine articles
were included in this review, and five of them were selected for meta-analysis 2! 232, The

flowchart summarizing this process is illustrated in Figure 1.

T P | Identification of studies
[ Identification of studies via databases H via other methods
—
" ] Records identified
= Records identified from: through updated search:
2 PubMed = 255 Records removed before screening PubMed = 13
S Scopus = 285 —»| Automation Rayyan duplicate removal [ Scopus = 0 Records identified from citation
= Embase = 163 (n=367) Embase =5 searching
= Web of Science = 156 Web of Science = 9 In the original search (n = 10)
% (n =859) (n=27) In the updated search (n = 2)
——
) v v h 4
Records screened > Records excluded < Records screened Records assessed for eligibility
(n =503) | Manual duplicate removal (n = 6) (n=16) In the original search (n = 10)
Different topic (n= 405) In the updated search (n = 2)
Reports d for <
eligibility
In the original search
(n=101) Reports excluded (n =71)
= ¥ -Studi ing of molecular tests for the di is of
= In the updated search Studies lacking of molecular tests for the diagnosis of
s (n=7) rhabdomyosarcoma = 25 + 2*
§ *Studies without individual analyzable data of patients with
$ rhabdomyosarcoma of the head and neck = 10
Cases of rhabdomyosarcoma diagnosed as metastases
in the head and neck region= 4
*Review articles, congress annals, book chapters= 14 + 1*
*Not available full texts= 11
*Languages restrictions= 3
*The online version of the paper was included in the
original search = 1*
*Studies excluded in the updated search.
— v
Total studies included in this review
- (n=49) <
1)
b=
=1
2 !
=
Total studies included in meta-analysis
(n=5)

Figure 1. Flow diagram of literature search and selection criteria. Adapted from Page MJ. et al.

2020 12

Studies characteristics

The 49 papers included in this systematic review were published between 1994 and

19, 20, 23-25, 27, 33-49 > 17,18, 21,

2021. Twenty-three were case reports and twenty-six were case series

22,26,28-32,50-65 Forty-six studies were from fifteen countries: Australia 2, Belgium 2°, China 2%
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30 France 2!-3% 38 57 India ®', Israel #!, Japan %, Malaysia 43, México 33, Spain *¥, Sweden 63,
Taiwan 2431, The Netherlands 65, UK 2337, USA 17-19.22,27-29, 32, 34,36, 39, 42-44, 46, 47, 49-52. 55, 56, 58-60,

4 The remaining three were international collaboration between USA and Canada 3334 62,

Risk of bias within studies

Two checklists of JBI's critical appraisal tools were used: for case series and case
reports. Thirty-three articles showed a low risk of bias. Moreover, eight case series were judged
as moderate risk 23 32,51, 33,56,63-65 qye to the unclear description of the participant's inclusion.
Only one presented a high risk of bias >’ because it did not provide the inclusion criteria,
diagnostic methods, and follow-up data. Among the case reports, two were classified with high
risk 2% 4! and four with moderate risk 37-4>43 48 Most studies did not report chronologic clinical
data, follow-up, and outcomes information. The risk of bias assessment of the 49 included

articles is presented in Supplement Table S3.

Synthesis of results

The summary of 49 articles included in this systematic review is described in
Supplement Table S4. The demographic and clinicopathological features of 324 HNRMS are
presented in Table 1. The age of patients varied widely from 0.2 to 87 years old (mean age:
23.3 years), affecting predominantly pediatric patients (144 cases, 44.4%) compared to adults
(104 cases, 32.1%) and showed slight male predilection. The most commonly affected site was
the parameningeal region (187 cases, 57.7%), followed by non-parameningeal sites (102 cases,
31.5%). Paranasal sinuses (29/187; 15.5%); nasopharynx/parapharyngeal areas (24/187;
12.83%) and infratemporal fossa (14/128; 10.9%) were the commonest location for
parameningeal RMS, while the masseter region (17/102; 16.7%) and the neck (13/102; 12.7%)
were more affected by non-parameningeal tumors. Additionally, 51 (15.7%) HNRMS cases

involved the oral cavity being the buccal mucosa, the most affected location.

The alveolar variant was the most frequent subtype identified in 140 (43.2%) cases
Followed by the embryonal and spindle cell/sclerosing variants (23.8% each, n=77) cases,
respectively. Thirty (9.3%) cases were described as unusual subtypes, including 12 cases of
epithelioid RMS, 10 cases of FUS/TFCP2 RMS, two pleomorphic RMS, 3 cases with mixed
features, and another three as not otherwise specified (NOS) (Table 1).

Most patients (144 cases, 44.4%) presented with a high-stage disease (III-IV). Of the

114 (35.2%) cases containing tumor size information, 63 (55.3%) cases measured <5 cm.
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Regardless of the therapeutic approach; multimodal treatment was the most prevalent option,
including surgery with radiotherapy and chemotherapy. The presence of recurrence and
metastasis was observed in 16.4% and 29.6% of cases, respectively. The average follow-up time
was at 35.9 months (ranging from 1 to 259 months). One hundred and fifty-seven (48.5%)
patients were alive at their last follow-up, and 92 (28.4%) were dead. It is important to note that

not all of the information detailed above was available in all cases (Table 1).

Molecular studies were performed in 129 (92.1%) cases of alveolar RMS, and 103
(79.8%) patients expressed PAX3-FKHR/FOXOI or PAX7-FKHR/FOXO1 gene fusions from
1(2;13) or t(1,13), respectively (Supplement Table S4). Forty-nine cases of alveolar RMS
demonstrated the PAX-FKHR/FOXO1 gene fusion, while the PAX3-FKHR/FOXO|1 fusion was
identified in 44 alveolar RMS, and only two cases showed the fusion variation PAX7-

FKHR/FOXOI. Chromosomal translocation in the FKHR gene was observed in six cases.

The features of 30 alveolar RMSs were described in this study because they presented
well-documented and individualized data for characterization. Twenty-eight (93.3%) of these
cases presented with a PAX3/7-FOXO]I fusion (Table 2). The frequency of this fusion was
similar in pediatric and adult patients, although it was absent in two RMSs in children. Sixteen
cases of fusion-positive alveolar RMS affected the parameningeal region, eight cases in non-
parameningeal areas, and four in the orbit. Metastasis was observed in 10/30 cases (33.3%),

eight of which expressed the PAX-FOXO1 gene fusion.

Only 24 (31.2%) cases of Embryonal RMS were investigated for molecular alterations.
Variable chromosomic rearrangement was identified in 12 cases, and chromosome 11 was most

predominantly affected (Supplement Table S4).

Seventy-three (94.8%) spindle cell/sclerosing RMS cases were tested for molecular
alterations (Supplement Table S4). MYOD 1 mutations were present in 26 cases (35.6%), while
MYOD1/PIK3CA mutations were seen in 15 (20.5%) spindle cell/sclerosing RMSs. The fusion
of EWSRI or FUS with the TFCP2 gene was identified in three cases. Additionally, one case
was SRF-NCOA?2 fusion-positive, and three cases presented with PIK3CA mutation. The

remaining cases did not exhibit any molecular alterations.

Individualized data were available for 63 cases of spindle cell/sclerosing RMSs (Table
3). Genetic alterations were observed in 25/33 (75.8%) pediatric patients compared to 19/30
(63.3%) adults. Most cases occurred in females. The non-parameningeal region was frequently

involved (32 cases, 50.8%), and 19 (30.2%) were located in parameningeal sites. MYODI
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mutation occurred in 38 (60.3%) spindle cell/sclerosing RMSs and 15 (39.5%) of them
presented with PIK3CA mutation.

Less than 40 intraosseous RMS, diagnosed as epithelioid RMS or FUS/EWSRI1-TFCP2
RMS, have been reported. Twenty-three of them affected the head and neck region, and 22 were
included in this systematic review. One was excluded because it did not meet the inclusion
criteria. The mean age at diagnosis was 29.7 (£17.9) years with a slight male predilection.
Twenty-one (90%) cases were intraosseous, with the mandible being the most affected location.
Only one case involved the soft tissues, specifically the neck. Local or regional pain and cortical
destruction were observed in most cases. Microscopically, epithelioid and spindle cell
components were described in these tumors. The FUS-TFCP?2 positive fusion was found in 14
(63.3%) cases, and the EWSRI-TFCP2 gene fusion was seen in seven cases (31.8%)
(Supplement Table S4).

Additionally, three cases of RMS NOS displayed SRF-NCAO! or SRF-FOXOI fusion,
and two cases identified as hybrid RMS with mixed morphology had MYODI mutation
(Supplement Table S4).

With regards to the immunohistochemical (IHC) profile, most cases were tested for
Desmin, Myogenin, and Myo-D1; the results were heterogeneous but almost all cases were
positive for at least one myogenic marker. The spindle cell/sclerosing RMS showed intense
positivity for Myo-D1, independently of the MYODI mutation presence or absence.
Furthermore, those cases diagnosed as epithelioid RMS or FUS/EWSRI-TFCP2 RMS were
diffusely positive for cytokeratins AE1/AE3, and some of them presented a positive reaction

for ALK protein as well (Supplement Table S4).

Sixty-nine HNRMS cases included patients’ follow-up and status data, although only 62
cases displaying genetic alterations were included in the statistical analysis. The analysis
showed that patients with parameningeal RMS (p= 0.02), spindle cell/sclerosing type with
MYODI mutation (p= 0.04), presence of metastasis (p= 0.03), and those not treated with
multimodal therapy (p= 0.01) displayed significantly higher mortality (Table 4). The 5-year
overall survival (OS) rate was 61.3% (Supplement Figure S5). Log-rank analysis showed
significant association between parameningeal location (p= 0.01), advanced stage [I1I- IV] (p=
< 0.01), presence of recurrence (p= 0.04) and metastasis (p= < 0.01) (Table 5; Supplement
Figure S6) and a lower survival rate. In the univariate Cox regression analysis, the same

variables, except the presence of recurrence, were significantly correlated with patient survival.
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The multivariate Cox regression model showed the parameningeal location as the only

independent prognostic factor for a lower survival rate (Table 6).

Five studies were included for the quantitative synthesis, i.e., spindle cell/ sclerosing
RMS cases with or without MYODI mutation and those with FUS-TFCP2 vs. EWSRI-TFCP2
fusion with complete information about the presence of recurrence and metastasis, and live
status at last follow-up were grouped for meta-analysis. However, no significant associations
between molecular alterations and odds of death, recurrence, or metastasis were observed

(Supplement Figure S7).
Discussion

Several genetic abnormalities have been identified in different subtypes of RMS;
consequently, this tumor can exhibit diverse growth patterns and cellular morphology that
characterize its biological behavior 8. This systematic review assembles the information
available in the literature regarding the genetic alterations reported in HNRMSs, helps

understand this neoplasm’s molecular profile, and its correlation with prognosis.

The findings of the present study corroborate the well-known demographic and
clinicopathological characteristics of RMSs. This rare sarcoma comprises approximately 5% of
all pediatric neoplasms and 50% of all soft tissue sarcomas in children and adolescents, and
represents <1% of all solid tumor malignancies in adults **. Some authors report a slight male
predilection > %, as we confirmed in this study. Parameningeal locations were identified most
often, accounting for nearly 60% of tumors. Railley et al. ¢ also reported a remarkable
predilection for this location with 76.5% of frequency, in contrast to Turner and Richmon,’> who
found 49.1% of cases arising in the parameningeal region. Despite the variable frequency, the
worst prognosis and highest treatment failure rate are associated with this anatomical region 3!
32, Our study shows that parameningeal involvement was significantly associated with low

survival rates (p=0.02) of HNRMS.

The most common histologic variants encountered in children and adolescents are the
embryonal and alveolar subtypes, whereas pleomorphic RMS is more common in adults % ¢7.
In the present study, alveolar RMS predominated over the embryonal and spindle cell/sclerosing
types. Although the spindle cell/sclerosing RMS has, a low frequency compared to alveolar and

embryonal types &2, efforts to study its molecular profile have gained more attention during
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recent years which probably explains why the number of spindle cell/sclerosing RMS

cases included in this study was the same as the number of embryonal RMS.

Regarding molecular features, alveolar RMS can undergo specific chromosomal
translocations detected in 70%-80% of cases 37> %. The translocations #(2;13)(q35,q14) or
t(1;13)(p36,q14) produce chimeric transcription factors that result in PAX3-FKHR (PAX3-
FOXO1) or PAX7-FKHR (PAX7-FOXOI) gene fusion, respectively 8. Some studies report
that fusion status is associated with distinct clinical phenotypes and has a prognostic impact 7
60,66-68 Kubo et al. ® conducted a systematic review and meta-analysis and concluded that no
difference in overall survival between patients with fusion-positive and negative alveolar RMS
was observed. However, PAX3—FOXO] fusion appears to carry an unfavorable outcome, unlike
those seen with PAX7-FOXO] fusion 7 %% The present study shows that 79.8% of alveolar
HNRMSs were fusion-positive however, no prognostic correlation was observed. This could be

due to insufficient individualized data available for alveolar HNRMS.

With regard to genotyping, the last 2020 WHO classification subdivides the spindle
cell/sclerosing RMS into three groups: congenital/infantile spindle cell RMS associated with
various gene fusions involving VGLL2, NCOA1/2, and SRF genes, spindle cell/sclerosing RMS
with MYODI mutations, and the last intraosseous RMS with EWSRI/FUS-TFCP2 or MEIS-
NCOA?2 fusions 32, Agaram et al. > reported that spindle cell/sclerosing RMS presenting with
MYODI mutation is associated with poor outcomes irrespective of age and can present with
concomitant PIK3CA mutations, especially those with sclerosing morphology. A recent study
carried out by Shern et al.”’, showed that 3% of fusion-negative RMS are MYOD-I mutant
tumors, and 88% of these were observed in either the head and neck or parameningeal region.
In addition, they found that 53% of cases presented concomitant PIK3CA and MYODI gene
mutations and concluded that MYOD-1 mutation is an indicator of poor prognosis. The present
study supports these results showing that MYODI mutation displayed a significant correlation
with higher mortality rate (p=0.04) in HNRMS and 39% of them displayed additional PIK3CA

mutation

Intraosseous RMS has a remarkable predilection for craniofacial bones, especially the
mandible causing pain and cortical destruction. Females are more affected in some series 2! 3%
72, but we observed a slight male predilection and more cases in adults in our study. Myogenic
differentiation, cytokeratins, and ALK expressions characterize this variant 2! 32, The

FUS/EWSRI-TFCP2 gene fusions are hallmarks of this neoplasm with a highly aggressive



24

clinical behavior 773, However, the meta-analysis results of the present review did not show
an association between odds of death, recurrence, or metastasis when 7FCP2 has fusion with
FUS or EWSR. Furthermore, we noted that some studies diagnosed this neoplasm as
“epithelioid RMS” 27-71. 72 especially before publication of the recently WHO classification

which may have influenced some of the results.

Karanian et al. 38 reported three RMS NOS cases localized in the neck that exhibited
SRF-NCOA1 or SRF-FOXOI fusions and were included in this systematic review. The authors
suggested that this novel fusion might assemble this group as a different variant within the
molecular classification of RMS. However, Shern et al., 20217°, observed some cases of RMS
NOS with MYOD-1 mutations. Although RMS NOS is not a recognized entity, the findings
mentioned before, emphasizes the necessity for molecular analysis and characterization for

precise and accurate classification and diagnosis.

As a consequence of advances in treatment modalities, the 5-year OS rate for RMS has
improved to over 70%. Curry et al., " reported a 5-year OS of 73.2 % in pediatric HNRMS and
Turner et al., > reported a 5-year OS of 62.8%. The outcome of adolescents and adult RMSs
appears to be worse than in children. The 5-year OS rate is 27% in adults compared to 61% in
pediatric patients 3. The survival rate of individuals with HNRMS presenting genetic alterations

were 61.3% in this series.

It is essential to highlight the limitations of our study. Several analyzed studies did not
provide complete demographic information, clinical data analysis, and status at the last follow-
up. These data were necessary to correlate genetic alterations with the mortality rate and
clinicopathological features. Inclusion of this information in future publications would help

improve understanding of the prognostic implications of molecular markers in HNRMS.

In summary, the present study does not confirm a correlation between molecular
alterations and the overall prognosis of HNRMS. Nonetheless, this systematic review gathers
important and relevant evidence published in the literature showing that different
histopathological subtypes of HNRMS present with several molecular alterations that result in
the variable morphology of this tumor. The MYODI mutation, frequently observed in the

spindle cell/sclerosing type, appears to be associated with higher mortality rates.
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Table 1. Demographic and clinicopathological features of 324 cases
of head and neck rhabdomyosarcomas.

n= 324 %
Demographic variables
Sex
Male 161 49.7
Female 155 47.8
Not available data 8 2.5
Age (mean age 23.3 £20.2; range 0.2 - 87 y.0)
Pediatric (< 19 years old) 144 44 4
Adults (> 19 years old) 104 32.1
Not available data 76 235
Clinicopathological variables
Site
Parameningeal 187 57.7
Non -parameningeal 102 315
Orbit 19 5.9
Head and neck region without specification 16 4.9
Size
<5 cm 63 19.4
>5cm 51 15.7
Not available data 210 64.8
Histopathological variant
Alveolar RMS 140 43.2
Embryonal RMS 77 23.8
Spindle cell/sclerosing RMS 77 23.8
FUS/EWSRT1-TFCP2; Epithelioid RMS 22 6.8
*Others 8 2.4
Stage of disease
-1l 79 24.4
"n-1v 144 44.4
Not available data 101 31.2

*Qthers: RMS with mixed histopathologic features = 3; RMS NOS = 3; Pleomorphic
RMS =2

Abbreviations: NOS= no other specified; RMS= rhabdomyosarcoma.



Table 1. (Continued) Demographic and clinicopathological features
of 324 cases of head and neck rhabdomyosarcomas.

n= 324 %
Clinicopathological variables
Therapeutic approach
Surgery 39 12.0
Chemotherapy 16 4.9
Radiotherapy 4 1.2
Surgery + Chemotherapy or Radiotherapy 11 3.4
Chemotherapy + Radiotherapy 87 26.9
Surgery + Chemotherapy + Radiotherapy 122 37.7
Not available data for categorization 45 13.9
Recurrence
Yes 53 16.4
No 165 50.9
Not available 106 32.7
Metastasis
Yes 96 29.6
No 121 37.4
Not available data for categorization 107 33.0
Follow up (mean 35.9; range 1 — 259 mo)
< 12 months 18 5.6
12 — 60 months 51 15.7
> 60 months 14 4.3
Not available data for categorization 241 74.4
Vital status
Alive 157 48.5
Dead 92 28.4
Not available 75 23.1

Abbreviations: mo= months



Table 2. Demographic and clinicopathological features of 30 cases of
alveolar rhabdomyosarcomas in head and neck region.

Molecular alterations

PAX 3/7 - FOXO 1

Positive Negative Total
n % n % n=30

Demographic features
Age group
Pediatric (< 19 y.0.) 14 87.5 2 125 16
Adults (> 19 y.0.) 14 100 - 14
Sex
Male 8 88.9 1 111 9
Female 15 93.8 1 6.2 16
Not available 5 100 - 5
Clinicopathological features
Site
Parameningeal 16 100 - 16
Non -parameningeal 8 889 1 111 9
Orbit 4 80 1 20 5
Size
<5 cm 5 100 - 5
>5cm 2 100 - 2
Not available 21 913 2 87 23
Stage of disease

I - 11 3 100 - 3
" -1v 5 100 - 5
Not available 20 90.9 2 9.1 22
Treatment
Multimodal 10 833 2 16.7 12
No multimodal 4 100 - 4
Not available 12 857 2 429 14
Recurrence
Yes 1 100 - 1
No 2 100 - 2
Not available 23 85.2 4 14.8 27
Metastases
Yes 8 80 2 20 10
No 2 100 - 2

Not available 16 88.8 2 11. 18
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Table 3. Demographic and clinicopathological features of 63 cases of spindle cell/ sclerosing rhabdomyosarcomas in the head and neck region.

Molecular alterations

MYOD1 MYOD1-PIK3CA Other genes
Positive Negative Positive Negative *Positive Negative Total
n= % n=5 % n=15 % n=8 % n=4 % n=8 % n =63
23
Demographic features
Age group
Pediatric 15 65.2 4 80.0 7 46.7 4 50.0 1 25.0 2 25.0 33
Adults 8 34.8 1 20.0 8 53.3 4 50.0 3 75.0 6 75.0 30
Sex
Male 9 39.1 4 80.0 2 133 5 625 3 75.0 5 625 28
Female 14 60.9 1 20.0 13 86.7 3 375 1 250 3 375 35
Clinicopathological features
Site
Parameningeal 5 217 2 40.0 6 40.0 2 25.0 1 25.0 3 375 19
Non -parameningeal 11 4738 3 60.0 4 26.7 6 75.0 3 75.0 5 625 32
Head and neck region 7 304 - 5 333 12
Histopathological variant
Spindle cell 8 34.8 4 80.0 5 333 7 875 4 100 3 375 31
Sclerosing 11 478 1 20.0 8 53.3 1 125 - 5 625 26
Spindle cell / sclerosing 4 174 - 2 133 - - 6
Stage of disease
-1l 8 34.8 3 60.0 5 333 6 75.0 - 1 125 23
-1 2 87 - 4 26.7 2 250 - 1 125 9
Not available 13 54.2 2 40.0 6 40.0 - 4 100 6 75.0 31

* EWSR1-TFCP2 positive fusion= 1 case; FUS-TFCP2 positive fusion= 2 cases; SRF-NCOA2 positive fusion = 1 case
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Table 3. (Continued) Demographic and clinicopathological features of 63 cases of spindle cell/ sclerosing rhabdomyosarcomas in head and

neck region.

Molecular alterations

MYOD1 MYOD1-PIK3CA *Other genes = 12

Positive Negative Positive Negative *Positive Negative Total

n= % n=5 % n=15 % n=8 % % n=8 % n =63

23
Clinicopathological features
Treatment
Multimodal 9 391 4 80.0 4 26.7 5 625 50.0 4 50.0 28
No multimodal 11 478 1 200 9 60.0 3 375 25.0 - 25
Not available 3 13.0 - 2 133 - 25.0 4 50.0 10
Recurrence
Yes 10 435 - 4 26.7 - 25.0 - 15
No 12 52.2 4 80.0 8 533 6 75.0 25.0 2 250 33
Not available 1 43 1 200 3 20.0 2 250 50.0 6 75.0 15
Metastases
Yes 2 87 - 5 333 - 25.0 2 250 10
No 14 60.9 2 40.0 4 26.7 2 250 25.0 - 23
Not available 7 304 3 60.0 6 40 6 75.0 50.0 6 75.0 30
Live status
Alive 13 54.2 3 60.0 4 26.7 5 625 100 1 125 30
Dead 9 391 - 9 60.0 1 125 2 25.0 21
Not available 1 43 2 40.0 2 133 2 250 5 625 12

* EWSR1-TFCP2 positive fusion= 1 case; FUS-TFCP2 positive fusion= 2 cases; NCOA2-SRF positive fusion = 1 case
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Table 4. Association analysis between the clinicopathological and molecular features of 62
cases of head and neck rhabdomyosarcomas with genetic alterations.

Clinicopathological variables Alive Dead p-value
N (%) N (%)

Age group 0.52

Pediatrics (<19 years old) 19 (50.0 %) 10 (41.7 %)

Adults  (>19 years old) 19 (50.0 %) 14 (58.3 %)

Sex 0.66
Male 18 (47.4 %) 10 (41.7 %)

Female 20 (52.6 %) 14 (58.3 %)

Site <0.01
Parameningeal 6 (15.8%) 12 (50.0 %)
Non-parameningeal 32 (84.2 %) 12 (50.0 %)

Size 0.07
<5cm 18 (69.2 %) 7 (41.2 %)
>5cm 8 (30.8 %) 10 (58.8 %)

Histopathological variant 0.28*

Alveolar RMS 5(13.2%) 1(42%)

Spindle cell/ sclerosing RMS 21 (55.3 %) 18 (75.0 %)

2 Others 12 (31.6 %) 5(20.8 %)

Molecular alterations 0.04*

PAX 3/7 - FOXOI positive fusion 5(13.2%) 1(42%)

MYOD] positive mutation 16 (42.1 %) 18 (75.0 %)

*Others 17 (44.7 %) 5(20.8 %)

Stage 0.35*
Stages I - II 6 (85.7 %) 8 (61.5 %)

Stages III - IV 1 (14.3 %) 5(38.5 %)

Recurrence 0.09

Yes 8 (28.6 %) 11 (52.4 %)

No 20 (71.4 %) 10 (47.6 %)

Metastasis 0.03

Yes 7 (25.9 %) 10 (58.8 %)

No 20 (74.1 %) 7 (41.2 %)

Treatment 0.01

Multimodal 26 (70.3 %) 8 (36.4 %)

No multimodal

11 (29.7 %)

14 (63.6 %)

*Exact Fisher’s Test

2 Others: Epithelioid RMS and FUS/EWSRI-TFCP2 RMS (14 cases), RMS NOS (3 cases).

®Others: FUS/EWSRI-TFCP2 positive fusion: (17 cases); SRF-NCOA -2 positive fusion (4 cases); PIK3CA

mutation (1 case).

Abbreviations: NOS= no other specified; RMS= rhabdomyosarcoma.
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Table 5. Log-rank univariate analysis of the clinicopathological and molecular features of 62 cases of head
and neck rhabdomyosarcomas with genetic alterations.

Clinicopathological variables Log-rank univariate analysis
5-year survival Estimative (95% CI*) Chi- p-value
(%) square
Age group
Pediatrics (<19 years old) 724 % 125.3 (68.4 — 182.2) 2.62 0.10
Adults  (>19 years old) 63.6 % 50.8 (29.9 - 71.6)
Sex
Male 75.0 % 88.9 (48.4 —129.4) 0.28 0.59
Female 61.8 % 101.3 (46.7 — 155.9)
Site
Parameningeal 38.9% 38.3(22.4— 54.1) 6.64 0.01
Non-parameningeal 79.5 % 130.1 (77.5 - 182.6)
Size 2.26
<5cm 72.0 % 147.8 (80.6 — 215) 0.13
>5cm 61.1 % 45.6 (27.1 - 64.1)
Histopathological variant
Alveolar RMS 83.3% 31 (7.4-54.6) 0.65 0.42
Spindle cell/ sclerosing RMS 64.1 % 99.4 (58.5 - 140.2)
aOthers 70.6 % 64.8 (34.7— 94.5)
Molecular alterations
PAX 3/7 - FOXO1 positive 83.3% 31 (7.4 - 54.5) 0.005 0.94
fusion 58.8 % 90.9 (50.8 — 130.9)
MYOD1 positive mutation 77.3% 71 (43.7-98.3)
b Others
Stage
Stages | - 11 64.3 % 108.9 (51.2 — 166.6) 7.16 <0.01
Stages Il - IV 16.7 % 25.5(8.3-42.7)
Recurrence
Yes 52.6 % 38.9 (27.4— 50.5) 3.93 0.04
No 73.3% 127.5 (73.2-181.7)
Metastasis
Yes 41.1 % 28.1(10.4 — 45.7) 11.48 <0.01
No 81.5% 141.8 (79.5 — 204.3)
Treatment
Multimodal 82.4 % 78.8 (48.9 — 108.6) 0.98 0.32
No multimodal 52.0 % 89.1 (44.3 -133.9)

2 Others: Epithelioid RMS and FUS/EWSR1-TFCP2 RMS (14 cases), RMS NOS (3 cases).
® Others: FUS/EWSR1-TFCP2 positive fusion: (17 cases); SRF-NCOA1-2 positive fusion (4 cases); PIK3CA mutation (1 case).
Abbreviations: NOS= no other specified; RMS= rhabdomyosarcoma.
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Table 6. Association analysis between the clinicopathological and molecular features of 62 cases
of head and neck rhabdomyosarcomas with genetic alterations — univariate Cox regression and
multivariate Cox regression model created using all variables that achieved a p-value < 0.10.

Variables Univariate analysis Multivariate analysis
HR (95% CI) p-value HR (95% CI) p-value

Age group

Pediatrics (<19 years old) 1

Adults  (>19 years old) 1.92 (0.85 —4.35) 0.12

Sex

Male 1.23 (0.55—-2.85) 0.6

Female 1

Site

Parameningeal 2.77 (1.23 — 6.26) 0.01 9.94 (1.58 — 62.51) 0.01

Non-parameningeal 1 1

Size

<S5cm 1

>5cm 2.06 (0.78 — 5.42) 0.14

Histopathological variant

Alveolar RMS 1

Spindle cell/ sclerosing RMS 1.12 (0.77 - 2.02) 0.38

2 Others 1

Molecular alterations

PAX 3/7 - FOXOL1 positive 1

fusion

MYOD1 positive mutation 1.01 (0.63 —1.62) 0.95

b Others 1

Stage

[-1I 1 1

mr-1v 5.22 (1.36 —20.06) 0.02 2.93 (0.11 - 81.71) 0.53

Recurrence

Yes 2.40 (0.98 —5.92) 0.06 1.97 (0.12 - 31.41) 0.63

No 1 1

Metastasis

Yes 477 (1.77-12.83) <0.01 9.18(0.28—-292.87) 0.21

No 1 1

Treatment

Multimodal 1

No multimodal 1.55(0.64 —3.72) 0.33

2 Others: Epithelioid RMS and FUS/EWSRI1-TFCP2 RMS (14 cases), RMS NOS (3 cases).
>Others: FUS/EWSRI-TFCP2 positive fusion: (17 cases); SRF-NCOA 1-2 positive fusion (4 cases); PIK3CA mutation

(1 case).

Abbreviations: NOS= no other specified; RMS= rhabdomyosarcoma.
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Supplement materials

Supplement 1. Search strategies with appropriated key words and Mesh terms.

Table S1. Search strategies with appropriated key words and Mesh terms

Database

Search strategy

PubMed

("Rhabdomyosarcoma" OR Rhabdomyosarcomas) AND ("Head" OR "Neck" OR
"Orbital" OR orbit OR "head and neck" OR "non-parameningeal" OR
parameningeal OR oral OR "oral cavity" OR maxillofacial)) AND ("Mutation" OR
"Gene fusion" OR "Translocation, Genetic" OR cytogenetic OR alterations OR
"molecular" OR "fusion status" OR "PAX-FOXO1" OR "PAX3-FOXO1" OR
"PAX7-FOXO1" OR "PAX3/7-FOXO1" OR "PAX3-FKHR" OR "PAX-FKHR"
OR "MYOD1" OR "TFCP2" OR "VGLL2" OR "NCOA2" OR "DICERI1")

Scopus

( TITLE-ABS-KEY ( "Rhabdomyosarcoma” OR rhabdomyosarcomas ) AND
TITLE-ABS-KEY ( "Head" OR "Neck™ OR "Orbital® OR "head and neck"
OR "non-parameningeal” OR "parameningeal” OR oral OR "oral cavity" OR
maxillofacial ) AND TITLE-ABS-KEY ( "Mutation” OR "Gene Fusion” OR
"Translocation,Genetic" OR "Fusion Status" OR cytogenetic OR alterations
OR molecular OR "PAX-FOXO1" OR "PAX3--FOXO1" OR "PAXT7--
FOXO1" OR "PAX3/7-FOXO1" OR "PAX3-FKHR" OR "PAX-FKHR") OR
TITLE-ABS-KEY ( "MYOD1" OR "TFCP2" OR "VGLL2" OR "NCOAZ2"
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Supplement 3. Risk of bias assessed by The Joanna Briggs Institute Critical Appraisal tools.

Table S3. Summary of the Risk of Bias assessment*
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Table S4. Summary of descriptive characteristics of included studies (n = 49)
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Brunac, et al., 2020 epithelial
[33] membrane
France antigen,
CK7, and
CD30 were FUS/TFCP2 CTA+L§T+
* 16 F NPM FUS/TFCP2 RMS heterogene FISH fusi .. NA NA NA 19 Alive
ous: usion positive target_ed
AEL/ Ai€3-, therapies
S100-,
chromogran
in-, CD20-,
CD3-,
SALLA4-,
CD79a-,
BRAF-,
NTRK-.
Eftekhari, et al., 2015
[34] * 3 F Orbit ARMS NA PCR AXTRIIR NA CT+RT No No 48 Alive
usion positive
USA
Eguia-Aguilar, et al., Desmin+;
2016 [35] * 2 M PM ARMS myoglobin RT-PCR PAX3_FKHR 4 CT NA NA NA Dead
: fusion positive
Mexico +
Gui, et al., 2019 [36] Desmin+t;
USA * myogenin FOXO 1/
49 M PM SRMS +; FISH MDM2 NA Surgery + CT NA Yes NA NA
MyoD1+; Negative fusion

Ki67=20%
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Houreih, et al., 2009 PAX 3
[37] Desmin+; translocation/
UK myogenint; rearrangement Local and
HHF35+; FISH/RT- of the PAX3 distance
20 Orbit ARMS Synaptophy PCR gene region at NA NA (brain, orbit, NA NA NA
sin +f; 2q35 without a sinuses, and
Chromogra rearrangement cheek)
nin A +f of FKHR at
13q14
Karanian, et al., 2020 Desmin+;
[38] 1 NPM RMSNOS  myogemint; ~ RT-PCR  SoiNCOA! NA S+CT No NA 108 Alive
usion positive
France MyoD1+
Desmin+;
10 NPM RMSNOS  myogemint; ~ RT-PCR ot TOXO! NA S+CT No NA 12 Alive
usion positive
MyoD1+
Desmin+;
3 NPM RMSNOS  myogemint; ~ RT-PCR  SiTNCOA! NA S+ CT +RT Yes NA 18 Alive
usion positive
MyoD1+
Koutlas, et al 2020 Desmin+t;
[39] EpRMS + myogenin+t; EWSRI1-TFCP2 .
USA 15 NPM SpcRMS MyoD1+; PCR fusion positive NA S+RT +CT No NA 7 Alive
AE1-AE3 +
Desmin +; FOXO1;
Kusafuka et al., 2018 MyoD1++; NCOA2 fusion
Jg‘:)‘;]n 19 NPM SRMS I\I\fl-‘;‘(’)gg‘iggn FISH/PCR ﬁ%"ot‘g‘i/ NA Surgery Local NA 18 Alive
+; aSMA+; positive
MSA - mutation
Abnormal clone
with 81-92
Manor, et al. 2012 [41] chromosomes,
Israel with a gain
9 NPM ERMS NA Cytogenetic of 1-2 of each NA NA NA NA NA NA
analysis chromosome,
and with 3
markers in
each abnormal
cell.
Karyotype of
Manucha, et al., 2006 45, XX, -5, -13,
[42] der(16)t(1;1)
USA Desmin+, Cytogenetic (q21;q13)/
57 PM ARMS Myogenin+ analysis/ complex NA NA NA NA NA NA
++ FISH translocation
with break apart
of the FKHR

region
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Mclnturff, et al., 2017 Desmint, No
[43] * 19 F NPM ERMS myogenin+, FISH rearrangement NA Surgery (Exc) NA NA NA NA
USA MyoD1+ of FKHR.
Nordashima, et al.,
2019 [45] Desmin+t: presence of
Malaysia * 0.2 F NPM ARMS > FISH translocation NA CT NA Yes NA Dead
MyoD1+ :
t(2;13)
(935:q14)
Pennington, et al. 2018 L
[46] * 5 M Orbit ERMS, botryoid ~ DSSmins NA PAX3/FOXO1 ! S+ CTHRT NA No NA NA
USA Myogenin+ negative fus
Robinson, et al., 2013 Desmm.-%—, FOXO,
[47] Myogenint+ EWSR] and
USA * 40 M PM SRMS , WT1+, FISH NA Surgery + CT NA Yes 19 Dead
CD99+. SSlSlno
Ki67 60% alterations
myoglobin
Sabater-Marco, et al., +, MyoDI1+
2014 [48] * myogenint,
Spain 65 M NPM PRMS vimentin, FISH FOXOI Fusion 1 Surgery Yes, local NA 18 NA
desmin+, negative
SMA+,
MASH,
CD10+.
MYODI
positive
mutation/
PIK3CA
Agaram et al., 2019 _ SpcRMS= 2 Desmin +, negative CT=2 _
[50] 3011 ?1‘8 i‘)‘ I\FA;92 i"cakd:"“]“li SRMS = 5 myogenin®, PCR mutation = 5 NA CT+RT=4 Ee:; ; NA 12265  Alive=3
' Spc/SRMS = 4 MyoD1+ NA=5 (34.6) Dead=5
MYOD!/ NA=3 NA=3
PIK3CA
positive
mutation = 6
Ahmed and Tsokos, Myogenin+
2007 [51] 14/4 11-16 F=3 _ _ ; Desmin + PAX3/FKHR
USA (14.5) M=1 PM=4 ARMS =4 = PCR fusion positive NA NA NA NA NA NA
NA=2
FOXO1
positive fusion
Bradley, et al. 2020 F=12 =8 H=4 03-56
[52] 3.5(1-20) PM =24 ARMS =24 NA PCR FOXO1 _ CT+RT =24 NA NA ’ ’ NA
M=12 . . 1= 20 2.4)
24/24 negative fusion
USA =16
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PAX3/FKHR
Bridge, et al., 2002 fusion positive
[53] 33/4 =1
USA & Canada _ PM=1 N PAX7/FKHR =2 _
28 k2 NPM =2 ARMS —2 NA PCR fusion positive ~ 11=1 Surgery = 4 NA Yes—1 NA  Alive=4
) M=2 ' ERMS =2 . NA=3
Orbit=1 =1 v
Negative fusion
in both ERMS
PAX3/7-FKHR
RT-PCR/ fusion negative/
5 M H&N ERMS NA CGH/ FISH chromosomes 1 S +CT NA NA NA Alive
Bridge, et al., 2000 11;12
[54] 12/2 alterations
USA & Canada PAX3/7-FKHR
RT-PCR/ fusion negative/ :
4 F H&N ERMS NA CGH/ FISH chromosomes 1 S+CT NA NA NA Alive
alterations
MyoD1 4+;
Myogenin PAX3-FKHR .
Chiles, et al., 2004 12 M NPM . 2+; Desmin RT-PCR fusion negative NA NA NA NA NA Alive
[55] 13/2 4+
USA MyoD1 4+;
10 F Orbit ARMS Myogenin — pppeg  PAX3-FKHR NA NA NA NA NA Alive
2+; Desmin fusion negative
4+
Structural
(Chromosomes
Desmin+ 1,345,711
Gollin and Janecka, 3 M PM ERMS myoglobin  <2YOLPIc 14, 19), and NA NA NA NA NA NA
1994 [56] T analysis numerical
USA 18/2 abnormalities
(Chromosomes
2,13, 15,22).
3 F PM ERMS NA Karyotypic Normal NA NA NA NA NA NA
analysis
. PAX3-FKHR
Hostein, et al., 2004 7 M PM ERMS Myogenin+ RT-PCR fusion negative NA NA NA NA NA NA
[57] 109/ 2
2 F NPM ARMS Myogenin+ RT-PCR PA.X3_FK.H R NA NA NA NA NA NA
France fusion positive
Positive
transcription of .
. FISH=2 7-121 Alive =4
18-53 - ARMS =5 Desmin+; the FKHR CT=1 Yes=2 Yes=6 -
Montone, et al., 2009 (31.3) NA PM=38 ERMS= 3 Myogenint "1 PER g cakpoint = 2 NA CT+RT =7 NA=6 NA=2 (49.8)  Dead=2
[58] 13/8 = Negative NA=3 NA=2

USA

transcription of
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the FKHR

breakpoint = 2

PAX3/7-FKHR

positive fusion
=3

PAX3/7-FKHR

negative fusion
=1

Desmin +; MYOD;
1.75-72 myogenin+ PIK3CA; SRF- CT+RT =1
Owosho, et al., 2016 (32.7) _ _ _ =4 NCOA2; _ Surgery = 1 Yes=1 4-94 Alive=5
[29] 13/10 vy A SRS 7 Desmin+;  RTPCR PAX3/7- o S+CT=2 No=7 NA (32)  Dead=3
USA myogenin+t; FOXOL1 all S+RT=1 NA=2 NA=2 NA=2
MyoD1+ = negative S+CT+RT =5
6 NA= 1
ARMS
FOXO1
positive fusion=
33
SpcRMS/SRMS
ERMS= 53; L MYODI =29 B Alive=
0.08-72  F=47 IE 1];/[1\2:6245 ARMS=33; zeys:;‘er;; RT-PCR positive =10  S+CT+RT= ?3;7252 Yes= 19 4232 69
Owosho, et al., 2016 (16) M=52 Orbit= 10 SpcRMS/SRMS= +: MyoD1+ mutation= 3; 111=41 99 NA=2 No=80 (83,6) Dead= 28
[60] 99/99 13 ; MYODI V=19 NA=2
USA negative
muationt = 6;
SRF-NCOA2
positive fusion=
1
Rekhi and Singhvi, .
2014 [61]g 21/1 2 M NPM SpcRMS + PRMS  Desmint, FISH PAX3-FOXOI NA Surgery NA NA NA NA
India Myogen1n+ negatlve fusion
(FOXO1) 17/21
(81%)
(PAX3/FOXO1
Thompson, et al., 2018 Desmin- rearrangement) =2 CT+RT =38 Alive =
[62] 18-72 F=26 B " FISH 16/22 (73%). " CT=7 Yes=8 Yes=46 25
International 52/52 43.2) M=26 ~ TM=32 ARMS myosen PCR No igj 33 RT= 4 No= 44 No=6 24286 pead=
colaboration yo PAX7/FOXO1 - NA=3 27
rearrangements
were identified
in this series.
T 1., 2006 1-32 F=4 PM =4 ARMS = | GH]C st
ostar, et al., - = _ = positive
[63) 4711 (10.7) M=7 gfm - ; ERMS = 10 NA ISH mutations in all NA NA NA NA NA NA

Sweden

cases
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. . 4 MYOD 1 CT+RT =2
Tsai, et al., 2019 [31] F=6 PM =4 Hybrid =2 Desmin+, mutation = 7 Biopsy = 1 Yes =2 Yes =2 6—134 Alive =8
17/9 2-42(18) M =3 NPM = 5 SpcRMS =3 myogenint, PCR No mutation in NA Surgery = 4 No=6 No=6 (35.4) Dead = 1
Taiwan SRMS =4 MyoD1+ _ S+CT+ RT = NA= NA=1 NA=1
MYODI1 =2 5
Yasuda et al., 2009 vimentin+t; .
? 61-76 F=3 PM =3 L PAX-FOXO1 Yes =2 10-14 Alive =3
[64] 4 (65.5) M=l NPM=1 ARMS =4 desmint; PCR positive fusion T CTRT=4 NA NA=2 (123)  Dead=1
myogenin+
USA
PIK3CA/
MYODI1 No
mutations = 2
MYODI L
_ _ _ Desmin+, mutated =7 _ Surgery = 15 Yes =2 Yes =35 Alive __8
Wang et al., 2018 [30] 0257 F=10 M7 SPeRMS =13 yogenin+, PCR PIK3CA 16 sicrerT= No=18 No=13 4725  Dead=
(20.3) M=10 NPM = 13 SRMS =7 = V=4 _ (67.7) 10
MyoDI1+ mutated = 3 5 NA=2 NA =2
China 20/20 PIK3CA/
MYODI1
positive
mutations = 8
Desmin +; Karyotype
Mentrikoski, et al., Myogenin-" evaluation
2013 [44] : 0.6 M NPM SpcRMS smooth ~ Cytosenetic  revealedat(6:8) NA NA NA NA NA
muscle analysis (p12;q11.2)
USA . chromosomal
actin+ .
translocation
NCOA2
positive and
Mosquera, et al., 2013 0.6-71 F=2 PM=1 SpcRMS =2 Desmin+, FISH/ RT- SRF positive = NA NA NA NA 6 Alive
[59] 21/4 (30.2) M=2 NPM =3 SRMS =2 myogenin+ PCR 1 NA=3 NA=3
USA NCOA2
negative =3
Desmin +,
myogenint,
**Bowe et al., 2019 * 72 M NPM EpRMS HHF-35+, FISH PAji/l;Ct)ii(eOI NA Surgery + CT No No 12 Alive
[27] CD10+, g
USA vimentin+
s 20 Desmin +, .
Tomassen, et al., 1 M NPM ERMS myogenin WTS H3K27; PRC2 NA  Surgery+CT No No 20 Alive
2021 [65) + MyoDI+ No fusion
the Netherlands Y
**Wessinger, et al., * Desmin+;
2021 [49] 73 M PM SpcRMS MyoD1+; WTS No fusion 2 Surgery + RT NA No NA NA
USA myogenin-
16-43 F=4 ~ FUS/EWSRI - Desmints FISH; FUS- TFCP2 - Yes =1 Yes=5 .90  Alive=3
27.7) M=5 NPM =9 TFCP2 RMS MyoD1'+, RNA/DNA positive fusion NA Surgery =9 NA=§ NA =4 08.25) Dead =1
**Xu, et al., 2021 [32] 11/9 myogenint;  sequencing =6 NA=5
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USA AE1/AE3+;
ALK+

Caldesmon
+, SMA+,
**Zhu et al., 2019 [28] desmin-, FUS-TFCP2
USA 6/1 74 F NPM EpRMS factor FISH fusion positive; NA NA NA Yes 21 Dead
Xllla+, ALK wild type
ALKH;
MYODI1+

*Case Reports
**Studies included in the updated search
Abbreviations: ARMS= alveolar rhabdomyosarcoma; CT= chemotherapy; ERMS= embryonal rhabdomyosarcoma; EpRMS: epithelioid rhabdomyosarcoma; FISH: Fluorescence in situ hybridization; H&N: head and neck; THQ:

immunohistochemical; NPM: non parameningeal; PM: parameningeal; RT= radiotherapy; RT-PCR: Reverse transcription polymerase chain reaction; RMS NOS: not otherwise specified; SMA: smooth muscle actin; SpcRMS / SRMS: spindle
cell/sclerosing rhabdomyosarcoma; WTS: whole transcriptome sequencing



Supplement 5. Survival curve of HNRMS with molecular abnormalities.
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Figure S5. Survival curve: Kaplan-Meyer curve demonstrating the overall
survival rate of patients affected by head and neck rhabdomyosarcoma with

molecular alterations.
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Supplement 6. Survival curves and prognostic variables.
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Figure S6. Survival curves and prognostic variables:
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The Log-Rank univariate analysis

showed that PM location (A), stage III-IV (B), presence of recurrence (C) and metastasis (D)

were factors that influenced the patient's survival. PM= parameningeal, NPM non-
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Abstract

BACKGROUND: Rhabdomyosarcoma (RMS) harboring EWSRI1/FUS-TFCP2 fusions has
been recently described as a distinct form of RMS with an aggressive course and predilection

for the craniofacial bones, especially the jaws.

METHODS: We report three new cases of this rare entity, two from Brazil and one from
Guatemala, with detailed clinicopathologic, immunohistochemical, and molecular descriptions.
Additionally, we explored the English-language literature searching RMS with TFCP2
rearrangement or typical immunophenotype with co-expression of AE1/AE3 and ALK in the

head and neck region.

RESULTS: Case 1 is a 58-year-old male with a 3-month history of painful swelling in the
anterior maxilla. Case 2 is a 22-year-old male presenting with right facial swelling and
proptosis. Case 3 is a 43-year-old female with a rapidly growing tumor located in the zygomatic
region. Imaging examinations revealed highly destructive intraosseous masses in the first two
cases, and a soft tissue tumor with bone invasion in case 3. Microscopically, all cases showed
a hybrid spindle and epithelioid phenotype of tumor cells which expressed desmin, myogenin
and/or Myo-D1, AE1/AE3, and ALK. FISH confirmed molecular alterations related to 7TFCP2
rearrangement in Cases 1-2. In case 3, there was no available material for molecular analysis.
The patients were subsequently referred to oncologic treatment. Additionally, we summarized
the clinicopathologic, immunohistochemical, and molecular features of 27 cases of this rare

RMS variant in the head and neck region reported in the English-language literature.

CONCLUSION: RMS with TFCP2 rearrangement is a rare and aggressive tumor with a
particular predilection for craniofacial bones, especially the jaws. Knowing its

clinicopathologic and immunohistochemical profile can avoid misdiagnosis.

Keywords: Rhabdomyosarcoma, head and neck, TFCP2, jaws, AE1/AE3, ALK.
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Introduction

Rhabdomyosarcoma (RMS) is a high-grade malignant neoplasm characterized by tumor
cells with myogenic differentiation showing different growth patterns and morphologic features
[1]. This tumor may arise in any body part; however, it mainly occurs in the trunk, genitourinary
tract, extremities, and the head and neck region [2]. RMS represents the most common soft
tissue sarcoma in pediatric patients, and the head and neck region is affected in approximately
40% of cases. In contrast, RMS is uncommon in adults, and only 1% occur in the head and neck

region [3].

In the most recent WHO Classification of Bone and Soft Tissue Tumors (2020), RMS
is divided into alveolar, embryonal, pleomorphic, and spindle cell/sclerosing types [4]. Based
on molecular features the spindle cell/sclerosing RMS is subdivided into: (a)
congenital/infantile spindle cell RMS harboring gene fusions of VGLL2, NCOA1/2, and SRF,
(b) spindle cell/sclerosing RMS with MYODI mutations; and (c) intraosseous RMS with
EWSRI/FUS-TFCP2 fusions (collectively referred to as FET-TFCP2 fusion RMS) or MEIS-
NCOA_?2 fusions [4-5]. This latter variant was introduced in the current WHO Classification of
Head and Neck Tumors (2022) as an independent entity in malignant maxillofacial bone tumors

[6,7].

RMS with TFCP2 rearrangement has a predilection for the craniofacial bones, most
commonly the mandible, and can affect patients of all age groups with an aggressive clinical
course [5,8]. Microscopically, the tumor shows a mixture of spindle and epithelioid cells with
positivity for myogenic markers (desmin, myogenin, and Myo-D1), epithelial markers (pan-

cytokeratins and EMA), and ALK overexpression [4, 8, 9].

Less than 30 cases of this rare variant have been reported in the head and neck region.
We report three additional cases of head and neck rhabdomyosarcomas (HNRMS) with TFCP2
rearrangement or typical immunophenotype with co-expression of AE1/AE3 and ALK. In
addition, we review the literature regarding the clinicopathologic, immunohistochemical and

molecular features of this rare entity.
Case Reports
Case 1

In February 2021, a 58-year-old Brazilian man presented with a 3-month history of a

painful swelling in the anterior maxillary alveolar ridge. The patient’s medical history was
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unremarkable; however, he mentioned previous endodontic treatment of the upper right canine
and extraction of the two upper central incisors. Despite treatment, the swelling and pain
persisted. Intraoral examination revealed a swelling in the anterior portion of the maxilla,
presenting a reddish irregular surface and ill-defined borders, extending into the palatal region

(Fig 1A). Computed tomography (CT) demonstrated a destructive lesion in the anterior maxilla

with cortical bone destruction and ill-defined borders, measuring 5.0 x 4.5 x 4.0 cm (Fig 1B).

e g R A - B
Figure 1. Case 1 — Clinical and radiographical features: a. Granulomatous swelling with

irregular borders in the anterior portion of maxillary alveolar ridge. b. CT showing lytic lesion

causing cortical destruction in the anterior maxilla.

An incisional biopsy was performed and sent for histopathologic evaluation. Gross
examination showed a yellowish soft-tissue fragment measuring 0.9 x 0.6 x 0.5 cm.
Microscopically, the tumor revealed a solid proliferation of neoplastic cells arranged in
fascicular and storiform patterns. Tumor cells were surrounded by scarce fibrous stroma and
presented spindle to epithelioid morphology with abundant eosinophilic cytoplasm and variable
sized nuclei with irregular contours and prominent nucleoli. Aggregates of small, round, blue
cells were observed in focal areas. Mitotic figures and apoptotic cells were also identified within
the tumor (Fig 2A-C). Immunohistochemical evaluation showed diffuse positivity for desmin,
myogenin was focally positive, and approximately 60% of cells stained for Myo-D1 (Fig 2 E-
G). Strong and diffuse expression of AEI/AE3 (Fig 2D). was observed in the spindle and
epithelioid areas. Cytoplasmic expression of ALK (Fig 2H). was focally positive in the
neoplastic cells. The tumor showed a high proliferative cell index determined by the expression

of Ki-67 in 90% of cells. Fluorescence in situ hybridization (FISH), using a dual color break-
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apart probe, showed the translocation of 7FCP2 (Fig 2I). The patient was treated with three

cycles of neoadjuvant chemotherapy with partial response, but unfortunately, died 3 months

after the diagnosis.).
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Figure 2. Case 1 — Histopathological, immunohistochemical and molecular features: a.
Solid neoplasm predominantly composed of epithelioid and spindle cells (H&E, 200 x). b
Epithelioid cells showing abundant eosinophilic cytoplasm (H&E, 200 x). ¢ Pleomorphic and
hyperchromatic nuclei of spindle-to-epithelioid cells and some atypical mitotic figures (H&E,
400 x). Diffuse cytoplasmic positivity for AE1/AE3 (d; 200 x) and Desmin (e; 200 x). Strong
nuclear positivity for MyoD1 (f; 200 x) and myogenin (g; 200 x). h Cytoplasmic expression of
ALK (200 x). i A split signal is seen with the FISH assay using a break-apart probe for TFCP2.

Case 2

In November 2021, a 22-year-old Brazilian male was referred for evaluation due to an
expansile lesion in the right maxilla. His past medical history was unremarkable. Extraoral
examination showed a diffuse swelling causing facial asymmetry on the right side and
exophthalmos. Intraoral examination showed extensive ulceration with a crater-like center and
irregular borders located in the posterior portion of the right buccal mucosa. CT imaging
revealed an infiltrative and destructive tumor located in the right posterior maxilla with

extension into the maxillary sinus, nasal cavity, infratemporal fossa, and floor of the orbit (Fig

3A, B).
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Figure 3. Case 2 — Radiographic features: a, b CT showing extensive mass in right maxilla
affecting maxillary sinus and orbit, causing bone destruction and invading the surrounding soft

tissue.

The patient underwent an incisional biopsy and gross examination revealed two
irregular brownish soft tissues with homogenous white cut surfaces (Fig 4A). Microscopically,
a solid neoplasm was observed within the medullary bone tissue. The tumor presented a
biphasic appearance with alternating hypocellular areas of spindle cells in a myxo-collagenized
stroma and hypercellular areas composed of spindled-to-epithelioid cells with abundant
eosinophilic cytoplasm. Nuclei were variable in size with evident pleomorphism and prominent
nucleoli. Atypical mitotic figures, foci of necrosis, and residual bone fragments were noted (Fig
4B-D). Immunohistochemical evaluation disclosed diffuse positivity for desmin, Myo-D1, and
AEI1/AE3, and focal cytoplasmic expression of ALK (Fig 4E-H). The cell proliferation index
measured by Ki-67 was 90%. TFCP2 translocation was confirmed by fluorescence in situ
hybridization (FISH) using a dual color break-apart probe (Fig 4I). The patient was

subsequently referred to oncologic treatment, but was lost to follow-up.
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Figuré’ 4‘..CaAs/ev: g‘:?‘ﬁ‘;:zs?opic, “microscopic and molecular features: a. Macfoscopic
appearance of surgical specimens. b Tumor composed of hypocellular and hypercellular areas
(H&E, 100 x). ¢ Spindle cells with pleomorphic and hyperchromatic nuclei (H&E, 200 x). d
Spindled-to-epithelioid cells with abundant eosinophilic cytoplasm (H&E, 200 x). e Diffuse

cytoplasmic positivity for AE1/AE3 (100 x) and desmin (f, 200 x).
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Figure 4. Case 2 — Macroscopic, microscopic and molecular features (continue): Strong

nuclear positivity for MyoD1 (g, 200 x) and focal expression of ALK (h; 200 x). i FISH assay

for TFCP?2 dual color break-apart probe showing split signals.
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Case 3

In May 2021, a 43-year-old Guatemalan female patient with an unremarkable medical
history presented with a rapidly growing tumor affecting the zygomatic region. Extraoral
examination revealed an exophytic sessile mass in the right zygomatic region, causing diffuse
swelling and facial asymmetry. Magnetic resonance imaging (MRI) revealed a hypo-and
isointense soft tissue mass with regular borders (Fig SA, B). CT evidenced an extensive ill-
defined lesion causing bone destruction of the zygomatic process. An incisional biopsy was
performed, and the specimen was sent for histopathologic analysis. Microscopic examination
showed a malignant neoplasm characterized by a diffuse proliferation of spindle cells arranged
in a fascicular pattern and intermixed with aggregates and strands of epithelioid cells showing
eosinophilic cytoplasm with hyperchromatic nuclei and surrounded by a fibromyxoid stroma
(Fig 6A, B). Multinucleated tumor cells and mitotic figures were also noted within the tumor.
Immunohistochemical results revealed positivity for vimentin, AE1/AE3, desmin and Myo-D1
(Fig 6C-E), and was negative for myogenin. In addition, focal positivity for ALK was observed
(Fig 6F). Considering the clinicopathologic and immunohistochemical features (AE1/AE3,
ALK, desmin and Myo-D1) this tumor was diagnosed as epithelioid RMS ALK positive highly
suspected of RMS with TFCP2 translocation, however it was not molecularly confirmed
because of unavailability of the paraffin block sample. The patient was referred for oncologic

treatment, but the follow-up information is unknown.

Figure 5. Case 3 — Clinical and imaginological features: a. MRI in T1-weighted image

showed a hypo- and isointense MR signal in relation to soft tissues, and in T2-weighted image
(b) evidenced a solid tumor component with hyperintense signal with apparently regular

borders.
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Figure 6. Case 3 — Histopathological and immunohistochemical features: a Tumor

composed by short fascicles of spindle cells and aggregates of epithelioid cells (H&E,
200 x). b Epithelioid cells with monotonous hyperchromatic nuclei and eosinophilic cytoplasm
(H&E, 400 x). Diffuse cytoplasmic positivity for AEI/AE3 (¢; 200 X) and desmin (d;
400 x). e Strong nuclear positivity for MyoD1 (400 x). f Focal expression of ALK (400 x).
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Table. Clinicopathological features and outcome of head and neck rhabdomyosarcomas exhibiting TFCP2 rearrangement

Author, Age/ Location Clinical Imaging features Cells IHC Molecular Metastasis Treatment Survival/
year Gender Symptoms morphology alteration Follow-up
(months)
Gum swelling, Destructive lytic Spindle and Desmin (+; diffuse)
Dashti et al., 72/M Mandible tingling, lesion in left epithelioid MyoD1 (+; diffuse) FUS-TFCP2 No Mandibulectomy ANED
2018 [12] numbness and parasymphyseal cells Myogenin (+; focal) fusion (2 mo.)
loosening of the ~ mandible and cortex AE1/AE3 (+; diffuse)
teeth in anterior perforation ALK (+; strong)
left mandible
Desmin (+; patchy) FUS No RT + CT and AWD
Wong et al., 23/M Nasal Nasal Left nasal cavity Spindle, MyoDl1 (+; diffuse) rearrangement ALK inhibitor (2 mo.)
2019 [13]1 & cavity congestion tumor of 8 cm epithelioid Myogenin (+; rare cells) ALK gene
Lewin et al., related and rhabdoid AE1/AE3 (-) deletion
2019 [14] cells ALK (+; strong)
Large mass involving  Spindle and Desmin (+; focal) EWSRI-TFCP2
Agaram et 33/F Maxilla NA the maxilla and epithelioid MyoD1 (+; diffuse) fusion Yes Surgical resection ~ ANED (108
al., 2019 masticator space with cells Myogenin (+; focal) (femur) mo.)
[15] extension into the AE1/AE3 (+)
maxillary and ALK (+)
sphenoidal sinuses,
orbit, and clivus
Le Loarer et 16/F Sphenoid  Headache and NA Spindle and Desmin (+; diffuse) FUS-TFCP2 Yes (right CT, surgical DOD
al., 2019 bone left epithelioid MyoD1 (+; 75%) fusion femoral resection and (15 mo.)
[17] & exophthalmos cells Myogenin (+; 10%) bone) cerebral RT
Watson et AE1/AE3 (+)
al., 2018 [8] ALK (+; 50%)
Le Loarer et 32/M Hard Nodule of NA Spindle and Desmin (+; diffuse) EWSR-TFCP2 Yes CT DOD
al., 2019 palate gingiva and epithelioid MyoD1 (+; 75%) fusion (vertebra, (8 mo.)
[17] and hard palate of 3 cells Myogenin (-) ribs,
upper lip cm AEL/AE3 (+) pelvis)
ALK (-)
Le Loarer et 20/M Orbito-  Soft-tissue mass NA Spindle and Desmin (+; diffuse) FUS-TFCP2 No CT +RT DOD
al., 2019 temporo- and left epithelioid MyoD1 (+; 65%) fusion (6 mo.)
[17] sphenoid  exophthalmos cells Myogenin (+; 15%)

AE1/AE3 ()
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ALK (+; <5%)

Le Loarer et 17/F Cervico- Insomnia NA Round cells Desmin (+; 20%) FUS-TFCP2 No CT and adjuvant AWD
al., 2019 occipital and headaches MyoD1 (+; 75%) fusion RT. (15 mo.)
[171 & junction  related to neck Myogenin (-) Anti-ALK therapy
Brunac et pain for 3 EMA (+; focal)
al., 2019 months not ALK (+; 100%)
[20] relieved
by standard
painkillers.
Loss- weight 3
kg.
Le Loarer et 31/M Left Headache NA Spindle, Desmin (+; diffuse) FUS-TFCP2 Yes (lung, Fragmented DOD
al., 2019 occipital epithelioid MyoD1 (+; diffuse) fusion mediastinu resection and (6 mo.)
[17] bone cells Myogenin (+; 15%) m) adjuvant CT
AE1/AE3 (+; 25%)
ALK (+; 100%)
Le Loarer et 32/M Mandible Toothache NA Spindle cells Desmin (+; 20%) FUS-TFCP2 Yes (lung) Partial AWD
al., 2019 MyoDl1 (+; diffuse) fusion mandibulectomy (14 mo.)
[17] Myogenin (+; 15%) and adjuvant CT
AE1/AE3 (+; 20%)
ALK (+; 65%)
Le Loarer et 58/F Mandible NA NA Spindle and Desmin (+; diffuse) FUS-TFCP2 No Surgery ANED
al., 2019 epithelioid MyoD1 (+; 70%) fusion (21 mo.)
[17] cells Myogenin (+; 15%)
AE1/AE3 (+)
ALK (+; 70%)
Le Loarer et 12/F Mandible = Local painful Osteolysis of the Spindle and Desmin (+; diffuse) FUS-TFCP2 No Neoadjuvant CT ANED
al., 2019 swelling for 4 body, angle and epithelioid MyoD1 (+; 40%) fusion (21 mo.)
[17] months ramus of the cells Myogenin (+; 50%)
mandible and AE1/AE3 (+)
extension into ALK (+; 50%)
surrounding soft-
tissue.
Le Loarer et 11/F Maxilla NA NA Epithelioid Desmin (+; diffuse) EWSR-TFCP2 No CT DOD
al., 2019 cells MyoD1 (+; 80%) fusion (Unknown)
[17] Myogenin (+; 30%)

AE1/AE3 (+; weak)
ALK (+; <5%)
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Le Loarer et 25/M Mandible  Local painful NA Epithelioid Desmin (-) EWSR-TFCP2 No Surgery ANED
al., 2019 swelling for 1 cells MyoD1 (+; 80%) fusion (20 mo.)
[17] month Myogenin (-)
AEI/AE3 (+)
ALK (+; 80%)
Chrisinger et Mid- Frontal Rapidly Destructive lesion Spindle and Desmin (+; focal) EWSR-TFCP2 No CT, RT and DOD
al., 2020 20s-30s / bone growing right arising from the right  epithelioid MyoD1 (NA) fusion surgical resection (17 mo.)
[10] F scalp swelling frontal cells Myogenin (-)
associated with bone with cortical AEL/AE3 (+; diffuse)
headache for 6 breach, which ALK (+)
weeks measured 5 % 4.6 x 4
cm.
Flaitz et al., 15/F Mandible Left mandibular NA Spindle and Desmin (+; focal) FUS-TFCP2 NA Surgical resection, Unknown
2020 [18] enlargement epithelioid MyoD1 (+; diffuse) fusion CT and RT
cells Myogenin (+; focal)
AE1/AE3 (NA)
ALK (+; focal)
Koutlas et 15/M Mandible Pain and Destructive lesion Spindle, Desmin (+; patchy) EWSR-TFCP2 Yes Surgical resection, AWD
al., 2021 swelling in the exhibiting moth epithelioid MyoDl1 (+; diffuse) fusion (ipsilateral homolateral (7 mo.)
[19] left posterior eaten-like irregular and round Myogenin (+; focal) cervical lymph node
mandible and ill-defined cells AE1/AE3 (+; diffuse) lymph dissection, CT
borders and loss of ALK (-) nodes) and proton beam
both buccal and B-catenin (+) therapy
lingual plates.
Xu et al., 22/M Mandible NA NA Spindle and Desmin (+; focal) FUS-TFCP2 Yes NA NA
2021 [9] epithelioid MyoD1 (+) fusion (lymph
cells Myogenin (+; focal) ALK wild type node)
AE1/AE3 (+)
ALK (+)
Xuetal., 34/M Mandible NA NA Spindle, Desmin (+) FUS-TFCP2 No NA AWD
2021 [9] epithelioid MyoD1 (+; patchy) fusion (10 mo.)
and rhabdoid Myogenin (NA) ALK deletion
cells AE1/AE3 (-)
ALK (-)
Xu et al., 16/M Mandible NA NA Spindle, Desmin (+; focal) FUS-TFCP2 Yes (bone, NA DOD
2021 [9] epithelioid MyoD1 (+; focal) fusion lung, (20 mo.)
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and rhabdoid Myogenin (+; focal) ALK deletion lymph
cells AE1/AE3 (+) node)
ALK (+)
Xuet al., 43/F Mandible NA NA Spindle and Desmin (+) FUS-TFCP2 NA NA NA
2021 [9] epithelioid MyoD1 (+) fusion
cells Myogenin (+; rare cells) ALK not
AE1/AE3 (+) performed
ALK (+)
Xu et al., 20/F Maxilla NA NA Spindle and Desmin (+; focal) EWSRI-TFCP2  Yes (bone) NA NA
2021 [9] epithelioid MyoD1 (NA) fusion
cells Myogenin (+) ALK not
AE1/AE3 (+) performed
ALK (+)
Growing lesion  Expansile lytic lesion ~ Spindle and Desmin (+; diffuse) FUS-TFCP2
Xuetal., 74/F Maxilla/ on within the right epithelioid MyoD1 (+; patchy) fusion Yes NA DOD (21mo.)
2021 [9] & gingiva right maxillary maxillary cells Myogenin (+; focal) ALK wild type (lymph
Zhu et al., gingiva alveolar ridge AE1/AE3 (-) node)
2019 [16] extending beyond ALK (+)
midline, involving
the hard palate
Xu et al., 27/F Skull NA NA Spindle and  Desmin (+; focal) MyoD1  EWSRI-TFCP2 NA
2021 [9] & epithelioid (+; diffuse) fusion Yes (bone) AWD
Agaram et cells Myogenin (+; focal) ALK not (1 mo.)
al., 2019 AEL/AE3 (+) performed
[15] ALK (+)
18/M Skull NA NA Spindle and Desmin (-) FUS-TFCP2 NA NA NA
Xuetal., epithelioid MyoD1 (NA) fusion
2021 [9] cells Myogenin (-) ALK wild type
AE1/AE3 (+)
ALK (+)
29/M Skull NA NA Spindle and Desmin (+) EWSRI-TFCP2 Yes (Lung) NA AWD
Xu et al., (base) epithelioid MyoD1 (+) fusion (2 mo.)
2021 [9] cells Myogenin (+) ALK wild type

AE1/AE3 (+)
ALK (NA)
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40/F Neck NA NA Spindle, Desmin (+) FUS-TFCP2 NA NA NA
Xu et al., superfici epithelioid MyoD1 (NA) fusion
2021 [9] al soft and round Myogenin (+; rare cells) ALK deletion
tissue cells AE1/AE3 (+)
ALK (+)
Ochsner and 48/M Maxillar Rapidly Periapical radiograph Spindle, Desmin (+; focal) FUS NA NA NA
Foss, 2022 y gingiva growing revealed no evidence epithelioid MyoD1 (+; strong and rearrangement
[11] exophytic lesion of a lytic lesion or and round diffuse)
with rolled intra-osseous cells Myogenin (-)
borders, involvement AE1/AE3 (+)
erythematous ALK (+)
surface and
central

ulceration and
necrosis located
on the anterior
maxillary
gingiva with
extension into
the labial
vestibule
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Discussion

In 2017, Watson et al. described for the first time a “new epithelioid RMS” characterized
by TFCP2 rearrangement [8]. Since then, other cases of this rare entity have been reported in
the literature using different terminology such as intraosseous RMS, epithelioid and spindle cell
RMS with FUS/EWSRI-TFCP2 fusion, FET-TFCP2 RMS, RMS with FUS or TFCP2
rearrangements and RMS with TFCP?2 fusions [9-11, 14, 17, 19, 20]. Despite the heterogeneous
terminology, all authors agree that this is an aggressive tumor characterized by epithelioid and
spindle cell phenotype with a striking predilection for the craniofacial skeleton [7-19].

However, extraosseous tumors have also been described [9-12].

So far, 27 cases of HNRMS with 7FCP2 rearrangement have been reported in the
English-language literature (TABLE) [8-20]. Most patients were young adults in the third and
fourth decades of life. Nevertheless, 29.6% of cases (8/27) occurred in pediatric patients (19
years of age or younger). The median age at diagnosis was 26 years (range, 11-74 years) with
a slight male predilection. The majority of the cases were intraosseous (92.5%; 25/27), and the
mandible was the most common site affected (40.7% of cases; 11/27), followed by the maxilla
(14.8%; 4/27), skull, and occipital bone (11.1%; 3/27 cases each). Although, two cases affected
the soft tissues of the neck [9] and oral cavity [11] without evidence of bone involvement.
Similarly, our cases were in adults, two males with tumors located in the maxilla and one female
presenting a zygomatic tumor. Cases 1 and 2 seem to be intraosseous lesions, but Case 3 arose

in soft tissue causing bone destruction.

Clinical manifestations were described in 55.5% of cases (15/27). Most patients referred
painful swelling with rapid progression (10%; 10/15). Other signs and symptoms such as
headache, nasal congestion, exophthalmos, and toothache were also reported. Imaging
characterization of HNRMS with TFCP2 rearrangement was identified in 29.6% (8/27) of the
cases, and most tumors were described as large osteolytic masses causing bone destruction and

invasion of adjacent tissues, as also observed in our three reported cases.

Microscopically, 85.2% of tumors (23/27), showed a mixed spindle and epithelioid
phenotype. Some cases also contained areas of round or rhabdoid cells (3/23; 13% for each)
admixed with spindle and epithelioid cells. However, four HNRMS with TFCP2 rearrangement
(14.8%) exhibited monotonous cell morphology; two with epithelioid cells, one with spindle
cells, and another with round cells. All present cases exhibited a mixture of spindle and

epithelioid cytomorphology. Case 1 also showed focal areas with small round cells.
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The immunohistochemical profile of this rare entity was characterized by myogenic
differentiation, cytokeratins, and ALK expression. Positivity for desmin, myogenin, and
MyoD1 were 92.6% (25/27), 76.9% (20/26), and 100% (23/23), respectively. Desmin and
MyoD1 were more sensitive and diffusely positive in most cases when compared with
myogenin, as already described by Xu et al. [9] and Le Loarer et al. [17]. In addition, to the
hybrid cell morphology and positivity for myogenic markers, diffuse and strong expression of
AE1/AE3 is considered a hallmark of RMS with TFCP2 rearrangement. Of the reported cases,
84.6% (22/26) expressed diffuse positivity for AE1/AE3. Positive immunostaining for ALK
was observed in 88% of cases (22/25). Similar findings of myogenic immunophenotype, pan-

cytokeratin and ALK expression were observed in our cases.

It is important to highlight the common positivity of cytokeratins in about 50% of
alveolar RMS [21], although only focally, contrasting with the diffuse expression displayed by
most RMS with TFCP2 rearrangement [17]. Moreover, epithelial membrane antigen (EMA)
and other keratins, including CK7, CAMS5.2, and CK5/6, can also be positive in TFCP2
translocated RMS [6]. Therefore, it could be a potential diagnostic pitfall considering that
keratin positivity is traditionally used to distinguish epithelial neoplasms from mesenchymal

tumors [8, 17, 21].

The clinicopathological and immunohistochemical features of RMS with TFCP2
rearrangements could make diagnosing this neoplasm challenging for pathologists. Therefore,
the differential diagnosis, in intraosseous tumors, includes metastatic sarcomatoid carcinoma,
mesenchymal chondrosarcoma, hemangioendothelioma, osteosarcoma, dedifferentiated
chondrosarcoma and leiomyosarcoma [10, 11]. For soft tissue tumors, malignant peripheral
nerve sheath tumors, inflammatory myofibroblastic tumors, spindle cell and round cell

sarcomas with EWSR1-PATZ1 fusion must be considered in the differential diagnosis [11].

Molecular alterations of this RMS variant are characterized by FET-TFCP2 and MEISI-
NCOA?2 fusions [15]. HNRMS with TFCP?2 translocations displayed genetic fusions with FUS
and EWSRI in 59.2% (16/27) and 3.7% (7/27) of cases, respectively. These genes are a member
of the FET (FUS, EWS, TAF15) RNA binding protein family involved in deleterious genomic
rearrangements with other transcription factor genes in some carcinomas, sarcomas, and acute
leukemia [19, 22]. The gene TFCP2 regulates the expression of epidermal growth factor
receptor (EGFR) and accelerates tumor cell motility, invasion, and metastasis in breast cancer.
So, Koutlas et al. postulated that mutated stem cells with FET-TFCP2 fusion develop a
myogenic phenotype through EWSR1 or FUS while the TFCP2 translocation induces invasion
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and metastasis of the tumor cells, which could explain the aggressive clinical behavior of this
rare variant of RMS [19]. Hence, we confirmed the TFCP2 rearrangement in two of our cases.
Unfortunately, we could not perform molecular analysis in Case 3. However, we favor clinical,
microscopic, and immunohistochemical features as enough evidence to diagnose this tumor.
Furthermore, the scenario of developing countries must be considered in this case due to the

high cost and difficult access to molecular testing.

On the other hand, only two cases with MEISI-NCOA?2 fusion have been reported. Both
are located in the iliac bones, and are characterized by pure spindle cells without cytokeratin
and ALK expression [15]. HNRMS with MEIS1-NCOA?2 fusion has not been described in the

literature.

Moreover, 4/8 cases (50%) showed ALK deletion. Interestingly, ALK inhibitors have
been used as potential target therapies in two patients affected by RMSs with TFCP2
rearrangements, despite inconclusive outcome reported [9, 14, 20]. ALK expression by
immunohistochemical assay does not correlate with ALK rearrangement and it seems that not
all patients may benefit with use of ALK inhibitors [9, 14]. We observed focal immunopositivity

for ALK in our cases.

RMS with TFCP2 rearrangement has the potential to spread to regional lymph nodes
and distant sites [9]. Among the 27 patients with 7TFCP2-translocated HNRMS, 54.5 % (12/22)
developed regional and/or distant metastasis. Despite the fact that no treatment protocol has
been established for this aggressive neoplasm, most patients have been treated by surgical
resection which may be with chemotherapy and/or radiotherapy. Two patients were treated with
ALK inhibitors, one of them treated with combined chemotherapy had a good response [20].
The median follow-up time was 20 months, ranging between 1 to 108 months, but follow-up
data was not provided in all cases. The vital status of 20/27 patients (74.1%) were available,
and 25% were alive without evidence of disease, 35% were alive with the tumor, and 40% were
dead. We reported only one case with follow-up information of three months who died of

disease.

Finally, as previously discussed by Le Loarer et al. [17], the so-called “epithelioid
rhabdomyosarcomas” present a purely epithelioid pattern, typically affecting deep soft tissues,
and scarcely express epithelial markers. This morphologic subset contrasts with features of
RMS with TFCP2 rearrangements; and only three cases have been reported presenting pure

epithelioid morphology [17].
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In summary, HNRMS with TFCP2 rearrangement was recently categorized as an
independent entity due to its unique predilection for craniofacial bones, immunohistochemical
profile, and genetic alteration. We added 2 cases with molecular confirmation of 7FCP2
translocation affecting the maxilla and one additional suspected case in soft tissue. Microscopic
evaluation of a high-grade malignant neoplasm with spindle and epithelioid cells and co-
expression of myogenic markers, pan-cytokeratin, and ALK are essential diagnostic criteria.
Molecular testing for 7FCP2 translocation is desirable to confirm the diagnosis [6].
Furthermore, the limited follow-up information indicates the aggressive behavior and poor

prognosis for this rare variant of RMS.
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Abstract

Background: Rhabdomyosarcoma is a rare malignant tumor but commonly affects pediatric
patients, and 35-40% of cases occur in the head and neck. This study aimed to analyze the
clinicopathologic profile of pediatric head and neck rhabdomyosarcomas from Brazil,
Guatemala, Mexico, and South Africa. Methods: 44 cases were included from ten Oral and

Maxillofacial ~Pathology services. Clinicopathological data were reviewed, and
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immunohistochemical analysis of Desmin, Myogenin, Myo-D1, and Ki67 was performed.
Their expressions were quantified using the QuPath software. Cases with >50% of myogenin
expression were tested for fusion status prediction based on AP2B, NOS-1, and HMGA2
expressions. Results: Most cases were from Brazil (40.9%), followed by South Africa (27.3%),
Guatemala (22.7%), and Mexico (9.1%). About two-thirds of patients were diagnosed in their
first decade without gender predilection. Non-para meningeal sites (45.5%) were more affected
than parameningeal (40.9%) and orbit. Microscopically, embryonal rhabdomyosarcoma
(77.3%) predominated over alveolar (18.2%) and spindle cell (2.3%) tumors.
Immunohistochemically, Desmin was positive in 86% of cases, while myogenin and MyoD1
were expressed in 84% and 82% of tumors, respectively. The mean proliferation index
measured by Ki67 decreased among alveolar > embryonal > spindle cell variants. Two alveolar
rhabdomyosarcomas showed higher Ap2B/NOS-1 expression than HMGA?2, indicative of
fusion-positive status. Conversely, one alveolar and four embryonal cases showed opposite
results, suggesting they were fusion-negative rhabdomyosarcomas. Conclusion: While slight
clinical-demographic differences were noted among head and neck rhabdomyosarcomas in
Brazil, Guatemala, Mexico, and South Africa, the fusion status identification through

immunohistochemistry is still a diagnosis gap.

Keywords: Rhabdomyosarcoma; head and neck; pediatric; molecular; oral cavity

Introduction

Rhabdomyosarcoma (RMS) is a high-grade, malignant neoplasm originating from
primitive mesenchymal cells with myogenic differentiation '. RMS is a rare disease, affecting
~4.5 patients per million individuals aged <20 years; however, it represents the most common

soft tissue sarcoma (STS) in children, accounting for 5% of all pediatric malignancies 2.

About 35-40% of RMS arise in the head and neck region (HNR), where they can be
subclassified into orbital, parameningeal (PM), and non-parameningeal (NPM) *. Based on its
histopathological features, the latest WHO classification grouped RMS into four types:

embryonal, alveolar, spindle cell/sclerosing, and pleomorphic 3

. Additionally, genetic
alterations lead to RMS subclassifications into PAX3/7-FOXOI fusion-positive or fusion-
negative RMS and spindle cell/sclerosing RMS with either MYODI-mutations or

rearrangements involving VGLL2/NCOA2 or TFCP2/NCOA?2 genes >°,

Decades of basic research and clinical studies developed by European and North

American international collaborative groups have contributed to a better understanding of RMS
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pathophysiology and helped optimize clinical care >7. However, some challenges remain
despite improvements in RMS treatment and prognosis ®. A recent study in Central America
concluded that therapeutic standards achieved in high-income countries seem not to be
reproducible in low-middle-income countries (LMIC), leading to lower survival rates related to
the advanced stage of disease at diagnosis and a high rate of treatment-related mortality. They
also suggested that other studies analyzing the RMS patients' profile in LMIC are necessary °.
Therefore, this study aimed to describe the clinicopathological and immunohistochemical
features of pediatric head and neck rhabdomyosarcomas (HNRMS) from LMIC, including

Brazil, Guatemala, Mexico, and South Africa.

Materials and methods

This retrospective observational study was conducted in compliance with the 1964
Helsinki Declaration and its subsequent amendments, ensuring patient privacy and data
confidentiality. Ethical approval was obtained from the Research Ethics Committees at
Piracicaba Dental School (Ref No. 12469119.8.0000.5418), University of Pretoria (Ref No.
483/2020), and the University of Liverpool (Ref No. 12077). Material Transfer Agreements
were established between the participating institutions, formalizing the collaborative

framework for this study.

Pediatric patients up to 19 years old with a confirmed histopathological diagnosis of
HNRMS were retrospectively retrieved from the archives of Oral and Maxillofacial Pathology
(OMFP) services in ten institutions. Among these institutions, seven were located in Brazil, and
three were situated in Guatemala, Mexico, and South Africa, respectively. Cases of HNRMS
without available material for analysis, tumors affecting the central nervous system (CNS), or
rhabdomyosarcomas diagnosed as metastatic deposits in the head and neck region (HNR) were

excluded.

Demographic and clinical data were retrospectively collected from histopathological
requests or patients' medical charts by a designated researcher at each participating institution.
The histological type of RMS was classified by reviewing hematoxylin- and eosin-stained (HE)
slides and following the WHO 2020 classification criteria . Additionally, slides containing
immunohistochemical markers such as Desmin, Myogenin, MyoD1, and Ki-67 were reassessed
in all HNRMS. In cases with an incomplete immunohistochemical panel, with available 3yum
tissue sections, additional immunohistochemical reactions were carried out, following the

protocol outlined in Supplement 1.
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Based on the cells' immunostaining pattern, positive expression for each marker was
quantified using a 0 to 4+ scale as follows: (0) absent expression, (1+) <10% expression, (2-+)
10-49% expression, (3+) 50-90% expression; and (4+) >90% expression '°. The proliferation

index measured by Ki67 was rated as low <10%, moderate 10-29%, or high >30% !!.

HNRMS with high myogenin expression (3+; 4+) were subjected to a gene fusion status
prediction using an algorithm developed by Rudzinski et al. 10, which relies on
immunohistochemical expressions of NOS-1, AP2B, and HMGA2. Additionally, some
embryonal RMS cases with available tissue sections were evaluated for p53. Therefore,
additional immunohistochemical using p53 (ready to use, Agilent Technologies), AP2f (1:50,
Sigma-Aldrich) NOS-1 (1:100, Sigma-Aldrich), and HMGA2 (1:50, Sigma-Aldrich). were
performed on 3um tissue sections utilizing the BOND RX automated Stainer (Leica

Biosystems).

For fusion status prediction, the following results were considered: stronger (3 to 4+)
NOS-1 and/or AP2B with weaker HMGA2 (0 to 2+) expression supported 'fusion-positive'
RMS (FPRMS). However, weaker NOS-1 and/or AP2 than HMGA?2 favor 'fusion-negative'
RMS (FNRMS). When NOS-1 and AP2 were discrepant, the higher score was used '°.

For immunohistochemical quantification, slides were scanned at 20x magnification
using the Aperio Scan Scope CS Slide Scanner (Aperio Technologies Inc., Vista, CA),
generating high-resolution whole slide images (WSI). The QuPath Bioimage analysis v0.2.0-
m8 (University of Edinburgh, Scotland, UK) 12 was then applied, following a protocol
proposed by Pai et al. 13, which was adapted for this study (Supplement 2) and is illustrated
in Figure 1. Subsequent to automated cell counting, all relevant data were extracted from the
annotation measurement tables produced by QuPath. The mean positive expression for each

marker was calculated using Microsoft Excel.

Results

Forty-nine pediatric HNRMS were initially retrieved from ten OMFP services between
1998 and 2023. However, two metastatic RMS in the HNR, two affecting the CNS, and one
without available tissue for further analysis were excluded. Thus, 44 HNRMS were included in

this series.

A summary of the demographic and clinicopathological features of HNRMS patients is
presented in Table 1. Most HNRMS were from Brazil (40.9%), followed by South Africa
(27.3%), Guatemala (22.7%), and Mexico (9.1%). About two-thirds of patients were <10 years
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old at diagnosis, with a median age of 8.1 years (range: 1-19 years) without gender predilection.
The NPM sites were the most common anatomical location (45.5%), followed by PM (40.9%)
sites, and the orbit was the least affected. Among NPM RMS cases, the masseter, parotid region,
and oral cavity were predominantly affected. Oral RMS represented 15.9% (7 cases) of all
HNRMS, with the buccal mucosa (3/7) and tongue (2/7) being the most commonly involved
sites. For PM RMS, the paranasal sinuses and nasal cavity were the most frequently affected

locations.

Clinical manifestations in 38.6% (17/44) of HNRMS showed that 70.5% (12/17) of
patients presented with facial asymmetry (Figure 2A-C) caused by a painful (5/17; 29.4%) or
asymptomatic (2/17; 11.8%) swelling. Other symptoms included snoring, nasal obstruction, and
bleeding. In two oral RMSs, ulceration, necrosis, and tooth mobility were described. Tumor
size, available for 16 (36.4%) HNRMS, ranged from 1.8 to 14 cm in the greatest dimension
(mean: 6 cm), with 56.3% (9/16) of cases being >5 cm. The symptom duration reported in 11
(25%) HNRMS varied from 2 weeks to 8 months (mean: 3.1 months). Imaging studies were
provided in three cases (Figure 2D-F). Still, computed tomography (CT) or magnetic resonance
image (MRI) reports, available in some cases, described large lesions causing invasion, erosion,
and destruction of adjacent bony structures. Previous radiotherapy in the HNR was referred in
one patient's history due to a neuroblastoma ten years before the PM RMS diagnosis. Through
microscopic examination, HNRMS were classified as embryonal > alveolar > spindle cell, in
that order of frequency. Additionally, one mixed RMS presented alveolar and embryonal
morphologies. Immunohistochemical examination indicated that all HNRMS were positive for

at least two myogenic markers (Desmin, myogenin, and MyoD1).

Therapeutic approaches and outcomes were obtained in 12 (27.9%) HNRMS from two
hospitals in Brazil Among them, 66.7% (8/12) of patients received combined chemotherapy and
radiotherapy, while 25% (3/12) underwent chemotherapy and/or radiotherapy before surgery,
and one patient was treated with chemotherapy alone. Metastases were reported in four patients,
and one case experienced local recurrence two years after treatment. At the last follow-up,
which ranged from 8 to 204 months (mean: 41.2 months), 66.7% (8/12) of patients were alive,
and 33.3% (4/12) had passed away.

Embryonal and alveolar RMS — Clinicopathologic features

A clinicopathologic analysis showed that 77.3% (34/44) of HNRMS were embryonal,

while 18% (8/44) were alveolar, with the patient's median age at diagnosis of 7 and 8 years old,
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respectively. Nonetheless, PM RMS in males was remarkable among alveolar RMS, while

females with NPM tumors were more frequent in the embryonal RMS group (Table 2).

Microscopically, within the embryonal RMS subgroup, 55.8% (19/34) exhibited
hypercellular and hypocellular areas in a loose or fibro-myxoid stroma composed of primitive
stellate cells or with variable degrees of muscle differentiation mixed with some
undifferentiated small round cells areas (Figure 3A). Additionally, 20.6% (7/34) of cases
displayed a dense pattern of primitive undifferentiated round-to-oval cells arranged in compact
sheets (Figure 3B). The remaining embryonal cases exhibited anaplastic features (5/34; 14.7%)
and botryoid morphology (3/34; 8.8%) (Figure 3C-E). Rhabdomyoblastic differentiation was
noted in 61.8% (21/34) embryonal RMS (Figure 3F). Necrotic areas were observed in 55.8%
(19/34) of cases.

In contrast, among alveolar RMS, 75% (6/8) exhibited the classic alveolar pattern
characterized by small round cells adhering to fibrovascular septa, forming spaces containing
discohesive cells (Figure 3G). The solid variant was observed in two cases (Figure 3H).
Tumor-giant cells (Figure 3I) and plump-shaped rhabdomyoblasts with dark hyperchromatic
nuclei and scant eosinophilic cytoplasm (Figure 3J) were variable within the tumors. All cases

exhibited varying degrees of necrosis.
Embryonal and alveolar RMS - Immunohistochemical features

The immunophenotype HNRMS is detailed in Table 2 and illustrated in Figure 4.
Desmin exhibited strong and diffuse positivity in almost all cases. Myogenin expression was
heterogeneous in embryonal tumors, generally quantified as moderate. In contrast, alveolar
RMS demonstrated consistently high myogenin expression with intense and diffuse positivity
in all cases. MyoD1 displayed variable low, moderate, or high expression in both variants. The
mean proliferation index measured by Ki67 was higher (62.7%) in alveolar compared to

embryonal RMS (47%).

Immunohistochemical expression of p53 was evaluated in 18/34 embryonal RMS.
Tumors with dense patterns composed predominantly of small, round cells presented a mean
p53 expression of 47.1%. However, for those containing more rhabdomyoblastic and
differentiated cells, the mean p53 expression was 29.5%. Notably, opposite p53 results were
observed in a botryoid (mean 15.1%) and anaplastic (mean 85.8%) RMSs. Finally, four cases

were negative for p53, including one case each of botryoid and anaplastic subtypes.
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Prediction analysis of gene fusion status

Ten HNRMS (five alveolar, four embryonal, and one mixed RMS) with high myogenin
expression underwent testing for Ap2f3, NOS-1, and HMGAZ2 expressions to predict gene fusion
status. According to the proposed algorithm, 2/5 alveolar RMS might be classified as FPRMS
due to higher Ap23/NOS-1 expression than HMGA2. Conversely, all embryonal RMS and one
alveolar case showed the opposite immunohistochemical results compatible with FNRMS. The
fusion status in the mixed RMS was unpredictable due to unexpected expressions of Ap2p (2+),
NOS-1 (3+), and HMGA2 (3+). Additionally, 2/5 alveolar RMS were negative for the

mentioned markers, which led to inconclusive results.
Spindle cell RMS

The only spindle cell RMS in this series was diagnosed in a 1.7-year-old Brazilian girl
with an asymptomatic tongue swelling of 6-month duration. Microscopically, the tumor was
partially encapsulated and composed of fascicles of elongated spindle cells surrounded by a
fibrous stroma (Figure 2K). Scattered rhabdomyoblasts, some pleomorphic cells (Figure 2L),
and focal necrosis were also identified within the tumor. Immunohistochemical studies revealed
positivity for Desmin, SMA, vimentin, HHF-35, myogenin and Myo-D1 (Figure 3I-K).
However, S100, AE1-AE3, ALK, and H-Caldesmon were all negative. The proliferation index
by Ki67 was 3% (Figure 3L). After diagnosis confirmation, the patient was referred to

oncologic treatment.

Discussion

Approximately 50% of pediatric patients with STS are diagnosed with RMS, with the
HNR affected in ~40% of cases 2,3. Due to RMS's relative rarity, single institutional experience
is usually limited 7'# and thus, multicenter collaborative research is highly recommended to
understand this neoplasm . The current study, involving 44 HNRMS from Brazil, Guatemala,
Mexico, and South Africa, revealed a clinicopathological and immunohistopathological profile
that predominantly aligns with previously published literature. Nonetheless, minor variations

were identified and are further discussed below.

Our findings indicate that 68.2% of HNRMS were diagnosed in children <10 years old
without a gender predilection, with most tumors affecting NPM sites over PM and the orbit.
Several studies have described that RMS mainly affects children in their first decade of life,
with a male-to-female ratio of 1.3-1.8:1, with PM being the most common site in the HNR *!*-

18 Upon data comparison across countries, males were more affected in South Africa (2:1),
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whereas in Brazil and Guatemala, a female predominance was observed. Notably, PM tumors

were more frequent than NPM only in Guatemalan patients.

In our series, the oral cavity was affected in 35% of NPM RMS in this series,
representing 15.9% of all HNRMS included. These tumors were predominantly located in the
buccal mucosa and tongue. Previous studies have reported that approximately 10%—12% of
HNRMS arise in the oral cavity, with varying predilection sites such as the palate, buccal

mucosa, and tongue 61920,

Most HNRMS in this study presented as painful swellings measuring >5 cm and causing
facial asymmetry with a mean of 3 months of symptom duration. These findings vary within

studies >16-1821

likely influenced by sample size and data availability. However, the
predominance of tumor size >5 cm might suggest an advanced stage of disease at diagnosis. It
1s essential to emphasize that some early-stage RMS signs, such as facial pain, sinonasal
congestion, and ear pain, even asymptomatic swellings, can mimic more benign conditions.
This may lead to misdiagnosis and inappropriate therapeutic approaches, contributing to
delayed diagnosis '*!7. While benign, inflammatory, and infectious diseases are more common
in the pediatric population, healthcare professionals should consider RMS as a diagnostic

possibility in routine practice when evaluating children, especially in cases presenting with the

mentioned signs and symptoms '8,

Embryonal and alveolar RMS are the most common variants in pediatrics, with some
data indicating a bimodal peak of incidence in early childhood and adolescence for embryonal
RMS. Conversely, alveolar cases predominantly affect adolescents 2. Our findings revealed
that >70% of HNRMS were embryonal, with 41.2% of cases diagnosed in 1-5-year-old children
and 32.4% in adolescents. However, the adolescent predominance among alveolar RMS was
not observed in the current study, probably due to the small sample of alveolar tumors.
Microscopically, they all presented classic morphological features for both variants as described

by the latest WHO classification °.

Immunophenotypic analysis of HNRMS showed, as reported previously 32223,

heterogeneous staining of embryonal RMS cells for Desmin, Myogenin, and MyoDI. In
contrast, the stronger and more diffuse Myogenin expression was highlighted in all alveolar
HNRMS compared to Desmin and MyoD1. Given that 70-80% of alveolar RMS may harbor
PAX3/7-FOXOI fusion genes, distinguishing between FPRMS and FNRMS is essential, as the

first represents a risk factor due to its more aggressive behavior 61022, While RT-PCR and
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FISH are the gold standard for identifying gene fusions, limitations such as insufficient tissue
quality/quantity for analysis can be encountered with both techniques '°. Additionally, the high
cost of molecular acts as a significant barrier, preventing the routine implementation of these
ancillary tests in most OMFP laboratories in LMIC. Hence, performing immunohistochemical
assays using surrogate markers for FPRMS and FNRMS identification represents a proper, cost-

effective alternative for RMS subclassification 1024,

Previous studies have indicated that AP23 and HMGAZ2 are considered more reliable
markers for identifying FPRMS and FNRMS, respectively %2425, Moreover, when performed
in combination, these markers offer >90% specificity and >60% sensitivity for fusion status
subclassification %23, Based on the algorithm proposed by Rudzinski et al. '°, only two alveolar
cases in our series might be FPRMS, but heterogenous AP2f and NOS-1 expression were
observed in one of them. In contrast, all embryonal RMS and one alveolar tumor showed higher
HMGA?2 expression compatible with FNRMS. It has been described that most embryonal
tumors are FNRMS 2-9; therefore, as Ouchi et al. 2° proposed, our results suggest that HMGA?2
could be a strong candidate for identifying FNRMS due to its higher expression in RMS with
embryonal morphology. Additionally, HMGAZ2 has also been suggested as a therapeutic target
owing to its oncogenic role ». Nevertheless, non-molecular tests were performed to confirm
the previous results due to insufficient tissue, constituting a limitation for the current study.
Furthermore, considering the heterogeneous results observed across studies '%2425 including
this series, more research is necessary to validate these markers before incorporating them as

surrogate markers for fusion status prediction.

Besides embryonal and alveolar RMS, the spindle cell/sclerosing variant also exhibits a
strong predilection for children, particularly those <I year old 2?7, accounting for only 5-10%
of cases, and it shows a predilection for the HNR %2728 This series included one spindle
cell/sclerosing RMS, representing 2% of all HNRMS analyzed. Given its resemblance to other
spindle cell neoplasms (leiomyosarcoma, synovial sarcoma, malignant peripheral nerve sheath
tumor, fibrosarcoma, sarcomatoid carcinoma, and spindle cell melanoma), the diagnosis can be
challenging 26?7, Therefore, immunohistochemistry is essential. Previous studies have indicated
that spindle cell/sclerosing RMS may present with MYOD mutation, which is associated with
poor outcomes. Consequently, identifying the MYODI mutation can be used for risk

stratification within the spindle/sclerosing RMS variant 2827,

Regarding RMS treatment and prognosis, a combination of chemotherapy and

radiotherapy was the prevalent treatment modality for HNRMS in the current series, with the
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majority of patients being alive at the last follow-up. It has been described that anatomical
limitations in HNRMS could prevent complete surgical resection, especially in advanced-stage
tumors 830 potentially explaining the treatment strategy adopted for these patients. However,
due to limitations in sample size and the absence of comprehensive follow-up data, statistical
analysis was not feasible in the current study to identify potential associations, prognostic

factors, and survival rates.

In summary, HNRMS from Brazil, Guatemala, Mexico, and South Africa generally
exhibit similar features, with only slight clinical-demographic differences compared to previous
publications. The potential addition of immunohistochemistry for fusion status identification
could be a valuable tool in the diagnostic armamentarium. Currently, AP23 and HMGA?2 appear
to play predictive roles in recognizing RMS fusion status, but further studies are required to

validate them as surrogate markers.
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Figure legends

Figure 1. QuPath procedures and settings: a. At 10x viewing magnification, using the
polygon annotation tool, the region of interest (ROI) was outlined in selected tumor areas; b, c.
RGB pixel depth stain vectors recalibration setting the "Estimate Stain Vectors function" with
the default "auto" detection; d. “Positive Cell Detection” function used for automated cell
counting; e, f. after computation, the tumor cells within the fixed-shaped annotations (ROIs)

were automatically counted and visualized as red (positive) or blue (negative).

Figure 2. Clinical and imaging features of HNRMS: a, b. two male patients presenting facial
asymmetry due to marked and discrete swellings, respectively; ¢. extensive mass presenting an
ulcer-necrotic surface; d-f. imaging findings analysis of computerized tomography in each

case, showing an expansive destructive mass invading adjacent tissue.

Figure 3. Microscopic features of HNRMS: Embryonal RMS a.hypercellular and
hypocellular areas of primitive stellate and small round cells arranged within a fibro-myxoid
stroma (HE 5X); b. dense pattern of primitive undifferentiated round-to-oval cells (HE 10X);
c. tumor cells showing anaplastic features (HE 10X); d. botryoid morphology in a low-power
view (HE); e. “cambium layer” — a hypercellular zone immediately beneath the epithelial
surface (HE 10X); f. rhabdomyoblasts with variable grades of differentiation exhibiting
eosinophilic cytoplasm (HE 20X). Alveolar RMS g. classic (HE 5X) and solid (h; HE 10X)
patterns, i.  Multinucleated  tumor cells signalized with head arrows (HE
20X); j. rhabdomyoblasts with dark hyperchromatic nuclei and scant eosinophilic cytoplasm
(HE 20X). Spindle cell RMS k. spindle cells arranging in fascicles (HE 10X); 1. some tumor
cells with rhabdomyoblastic differentiation exhibiting pleomorphic hyperchromatic nuclei (HE

20X).

Figure 4. Immunohistochemical features of HNRMS: Embryonal RMS a. diffuse
cytoplasmatic stain for desmin (100X magnification); b. positivity for myogenin (100X
magnification) and Myo-D1 (¢; 100X magnification) with nuclear staining patterns; d. HMGA2
showing nuclear expression. Alveolar RMS e. tumor cells showing cytoplasmatic positivity for
desmin (100X magnification); f. strong and diffuse nuclear myogenin expression (100X

magnification); g. FPRMS immunophenotype determined by Ap2f3 (100X magnification) and
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NOS-1 (h; 100X magnification) expressions. Spindle cell RMS showing strong and diffuse

cytoplasmatic expression for desmin (i; 100X magnification); j. nuclear expression of MyoD1

and myogenin (k; 100X magnification); I. low Ki67 expression (100X magnification).

Tables
Table 1. Clinicopathologic features of 44 head and neck rhabdomyosarcomas in paediatric patients.

Brazil Guatemala Mexico South Africa Total

n (%) n (%) n (%) n (%) n (%)
Study period 2006-2021 1998-2016 2012-2019 2002-2021 1998-2021
Sample size 18 (40.9) 10 (22.7) 49.1) 12 (27.3) 44 (100)
Demographic variables
Median age 8.8 6.5 2.5 7.5 8.1
(range) (1-19) (3-13) (1-12) (1-15) (1-19)
Age groups
1-9 years old 11 (61.1) 6 (60) 3(75) 10 (83.3) 30 (68.2)
10-19 years old 7 (38.9) 4 (40) 1(25) 2(16.7) 14 (31.8)
Gender
Male 8(44.4) 4 (40) 2 (50) 8 (66.7) 22 (50)
Female 10 (55.6) 6 (60) 2 (50) 4(33.3) 22 (50)
Clinicopathologic variables
Tumor location
Non - parameningeal 8(44.4) 4 (40) 2 (50) 6 (50) 20 (45.5)
Parameningeal 8 (44.4) 6 (60) 1(25) 3(25) 18 (40.9)
Orbit 2 (11.1) - 1(25) 2 (16.7) 5(1.4)
H&N without specification - - - 1( 8.3) 1(2.3)
Histopathological variant
Embryonal RMS 15(83.3) 5(50) 3(75) 11 (91.7) 34 (77.3)
Alveolar RMS 2 (11.1) 4 (40) 1(25) 1( 83) 8(18.2)
Spindle cell RMS 1(55) - - - 1(2.3)
*Mixed RMS - 1(10) - - 1(2.3)

Notes: *RMS showing mixed alveolar and embryonal features

Abbreviations: RMS= rhabdomyosarcoma
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Table 2. Clinicopathologic and immunohistochemical features of 44 HNRMS in pediatric patients.

Histopathological variant

Embryonal Alveolar RMS Spindle cell Mixed RMS*
RMS RMS

n=34 (%) n= 8 (%) n=1 (%) n=1 (%)
Demographic variables
Median age (range) 7(1-19) 8(1-13) - -
Age groups
1-9 years old 23 (67.6) 5(62.5) 1 (100) -
10-19 years old 11 (32.4) 3 (37.5) - 1 (100)
Sex
Male 16 (47.1) 5(62.5) - 1 (100)
Female 18 (52.9) 3(37.5) 1 (100) -
Clinicopathologic variables
Tumor location
Non - parameningeal 16 (45.5) 3 (37.5) 1 (100) -
Parameningeal 12 (36.4) 5(62.5) - 1 (100)
Orbit 5(15.1) - - -
H&N without specification 1(3) - - -
Immunohistochemical features
Desmin
Negative 3 (8.8) 1(11.1) - -
Low (1+) 1(29) - - 1 (100)
Moderate (2+) 13 (38.2) 1 (11.1) - -
High (3+); (4+) 17 (50) 6 (75) 1 (100) -
Myogenin n=33 (%)
Negative 4(12.1) - - -
Low (1+) 2(6.1) - - -
Moderate (2+) 17 (51.5) - 1 (100) 1 (100)
High (3+); (4+) 10 (30.3) 8 (100) - -
MyoD1 n=33 (%) n="7 (%)
Negative 3(9.1) 1(12.5) - -
Low (1+4) 3(9.0) 2 (25) - -
Moderate (2+) 13 (39.3) 3(37.5) - 1 (100)
High (3+); (4+) 14 (42.4) 1(25) 1 (100) -
Ki67 n=34 (%) n="7 (%)
Mean % of expression 47 62.7 32 21.6
Negative 1(2.9) - - -
Low <10% 3 (8.8) - 1 (100) -
Moderate 10 — 29% 9 (26.5) - - 1 (100)
High >30% 21 (61.7) 7 (100) - -

Notes: *RMS showing mixed alveolar and embryonal features
Abbreviations: NP= not performed; RMS= rhabdomyosarcoma
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Supplement materials

Supplement 1. Immunohistochemistry Protocol

1.
2
3.
4

Sections were deparaffinized with xylene and hydrated in descending ethanol’s baths.

. The antigen retrieval was performed for 15 min in an electric pressure cooker.

Endogenous peroxidase activity was blocked by immersion in 6% H202 for 15 min
Sections were incubated with the primary antibody: Desmin (1:300, DAKO), Myogenin
(1:100, DAKO), MyoD1 (1:100, DAKO), Ki67 (1:100, DAKO) for two hours at room
temperature.

IHC staining was performed according to the manufacturer’s protocol (DAKO, Carpinteria,
CA, USA), followed by exposure to diaminobenzidine tetrahydrochloride (Sigma-Aldrich,
St Louis, USA) for 5 min.

Slides were counterstained with Carazzi’s hematoxylin for 5 min followed by dehydration
in ascending ethanol’s baths and diaphanization in xylene.

Finally, the slides were cover slipped using Entellan™ (Sigma Chemical CO., St
Louis,MO/USA).

Appropriate control tissue was used for each antibody.
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Supplement 2. QuPath procedures and settings

For immunohistochemical quantification, using QuPath Bioimage analysis v0.2.0-m8

(University of Edinburgh, Scotland, UK)) the following protocol was used:

1. A new "Project” was created within QuPath for each immunohistochemical marker
analyzed.

2. Then, WSIs in ScanScope Virtual Slide (.svs) format were imported into each project file
setting as "Heme/DAB brightfield" images for further analysis.

3. For the automated cell counting, the steps detailed in Figure 1 were sequentially followed.

4. The procedures and settings in QuPath software using the “Positive Cell Detection”
function for the digital counting method is detailed below:

Image file type: ScanScope Virtual Slide (.svs)

Image set (upon import to QuPath): Heme/DAB brightfield

Representative tumor areas (n=5): Selection at 10x magnification

Pixel depth separation vectors: “Estimate Stain Vectors” function with “Auto”
calibration.

Heme threshold for counterstain (default: 0.1): 0.20 in areas with low cellularity and
increased stroma/ 0.10 or 0.01 in areas with high cellularity and scarce stroma
“Threshold Compartment” (depends on the antibody staining patterns):

Nucleus: DAB OD mean or Cytoplasm: DAB OD mean

“Threshold Positive 1”: 0.2 (default)
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3 DISCUSSAO

Os resultados deste estudo proporcionaram uma descri¢do e andlise abrangentes das
principais caracteristicas clinicopatoldgicas, imuno-histoquimicas e moleculares dos RMS que
afetam a regido de cabega e pescogo, contribuindo significativamente para a compreensao desta
doenca complexa. Muitas das caracteristicas clinicopatologicas identificadas, como tumores
parameningeos, tamanho > S5cm, variante alveolar, estagio avancado, margens cirirgicas
comprometidas, recorréncia e metastases, estdo alinhadas com critérios considerados na
estratificacdo de risco, indicando uma maior probabilidade de uma doenca mais agressiva e
prognoéstico desfavoravel para os pacientes (Darwish et al., 2020; Radzikowska et al., 2015;

Rudzinski et al., 2021; Skapek et al., 2019; Sultan et al., 2009).

Nas ultimas décadas, os avancos na caracterizagdo molecular dos RMS possibilitaram
integrar as alteragdes genéticas as caracteristicas clinicopatoldgicas para estratificar o risco
individual dos pacientes (Turner e Richmon, 2011; Hettmer et al., 2022; Shern et al., 2022). A
fusdo dos genes PAX3/7-FOXOI, associada a variante alveolar, tem sido relacionada a uma
maior agressividade e pior progndstico (Heske et al., 2021; Hettmer et al., 2022; Hibbitts et al.,
2019). Recentemente, um consenso europeu recomendou incluir a mutagao de MYOD1 como
fator de risco em futuros ensaios clinicos devido a robustez das evidéncias associando-a a um
mau prognostico (Hettmer et al., 2022). Em nossa revisdo sistematica, ndo observamos
correlagdo progndstica para a fusdo de PAX3/7-FOXOI em RMSs alveolares de cabeca e
pescogo; no entanto, a mutagdo de MYODI em RMSs de células fusiformes/esclerosantes
associou-se a uma maior taxa de mortalidade (Gallagher et al., 2022). Cerca de 90% dos RMSs
com mutagdo em MYOD] afetam a regido de cabega e pescoco, e atualmente se descreve que
além dos RMSs de células fusiformes/esclerosantes, os tumores com morfologia tipica de RMS
embrionario também podem apresentar essa mutacao (Alaggio et al., 2016; Agaram et al., 2019;

Hettmer et al., 2022; Shern et al., 2021).

Dentro de nossos resultados, a identificagdo do RMS de células fusiformes/esclerosantes
com fusdo dos genes EWSRI1/FUS-TFCP2, frequentemente afetando os ossos gnatios, foi um
achado significativo que contribuiu para o relato de trés casos latino-americanos desse subtipo
de RMS (Gallagher et al., 2022; Gallagher et al., 2023). O RMS com rearranjo do gene TFCP2
¢ notavel por sua extrema raridade, agressividade e predilecdo por adultos jovens, afetando
especialmente ossos craniofaciais, predominantemente a maxila e mandibula (Gallagher et al.,
2023; WHO, 2020; WHO, 2022). Até hoje, 44 casos foram reportados na regido de cabeca e

pescoco, incluindo 15 na mandibula e 14 na maxila (Bradova et al., 2023; Dehner et al., 2023).
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Apesar da preferéncia por tecido 6sseo, evidéncias recentes indicam que também pode ocorrer
em tecidos moles tais como lingua, orofaringe e pescogo (Bradova et al.,, 2023).
Microscopicamente, a morfologia fusocelular/epitelioide e a positividade difusa para
citoqueratinas tornam o diagndstico desafiante, especialmente quando afeta a regido de cabeca
e pescoco, onde neoplasias epiteliais sdo mais frequentes que as mesenquimais (Dehner et al.,
2023; Gallagher et al., 2023; WHO, 2022). A doenga caracteriza-se por um curso clinico rapido
e prognostico desfavoravel com taxa de sobrevida global em 3 anos de 28%. Portanto, o
conhecimento de suas caracteristicas clinicopatoldgicas distintivas, associadas a expressao de
marcadores rabdomioblésticos e positividade frequente para citoqueratinas e ALK, ¢
fundamental para um diagnostico correto e de ser possivel, a realizagdo de testes moleculares,

¢ desejavel para confirma-lo (Bradova et al., 2023; WHO 2022).

Em linhas gerais, os resultados deste estudo ressaltaram a relevancia da histopatologia e
da expressdao imuno-histoquimica dos marcadores miogénicos - Desmina, Miogenina ¢ MyoD-
1 - no diagndstico do RMS e suas variantes. Embora a abordagem diagnostica baseada em
alteragdes genéticas prometa melhorar a acuracia, o acesso limitado a testes moleculares em

alguns paises indica a necessidade de buscar alternativas diagndsticas (Rudzinski et al., 2014).

A imuno-histoquimica, reconhecida como uma ferramenta auxiliar robusta, pode
representar uma alternativa economica e eficaz para contribuir no diagnoéstico futuro dos RMSs
com base em suas alteragdes moleculares (Rudzinski et al., 2014). Embora alguns estudos
sugiram que a positividade intensa e difusa, ou negatividade, de MyoD1 possa indicar a
mutagdo do gene MYODI (Rekhi et al., 2016; Shern et al., 2021), os RMSs de células
fusiformes/esclerosantes avaliados na revisdo sistematica revelaram expressao intensa e difusa
de Myo-Dl1, independentemente da mutacdo do gene (Gallagher et al., 2022). Pesquisas
adicionais (Ouchi et al., 2020; Rudzinski et al., 2021; Rudzinski et al., 2014), inclusive o estudo
multicéntrico desenvolvido neste trabalho, indicam que a expressdao imuno-histoquimica de
AP2B e HMGAZ2 pode servir como alternativa para diferenciar os RMSs com base no status de
fusdo PAX3/7-FOXOI. Entretanto, ¢ importante notar que a expressao desses marcadores ainda
apresenta resultados heterogéneos entre os estudos. Portanto, torna-se imperativo conduzir
pesquisas futuras para estabelecer valores quantitativos, como pontos de corte, e apresentar
associagdes estatisticas para validar a expressdo imuno-histoquimica dos marcadores
mencionados na identificacdo dos RMSs com base em alteragdes genéticas (Rekhi et al., 2016;

Shern et al., 2021; Gallagher et al., 2022).



105

4 CONCLUSSOES

Os trés artigos exploram a complexidade bioldgica dos RMS de cabega e pescoco, chegando

as seguintes conclusdes:

- A mutacao MYODI emerge como um possivel indicador prognostico, embora a correlagao

entre alteragdes moleculares e prognéstico geral ndo tenha sido conclusiva.

- O rabdomiossarcoma com rearranjo no gene 7FCP2 ¢ raro e agressivo. O reconhecimento do
seu perfil clinicopatoldgico e imuno-histoquimico pode reduzir o risco de diagnésticos

incorretos.

- A série de RMS em pacientes pediatricos revela algumas diferencas clinicopatologicas em
comparagdo com a literatura, embora sem conclusdes definitivas. Sugere-se o uso da imuno-
histoquimica para determinar o status de fusdo, com AP2 e HMGA2 destacados como

possiveis marcadores, requerendo validacao adicional.

- Reforga-se a necessidade de abordagens multidisciplinares e mais estudos para compreender

e diagnosticar melhor esses tumores.
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van Heerden, Nasser Said Al Naief, ROMAN
CARLOS et al. "Molecular profile of head and
neck rhabdomyosarcomas: a systematic
review and meta-analysis", Oral Surgery, Oral
Medicine, Oral Pathology and Oral Radiology,
2021

Publication

pubmed.ncbi.nlm.nih.gov 2%

Internet Source

w

www.repositorio.unicamp.br 2
Internet Source L

az659834.vo.msecnd.net 1 %

Intermet Source

Karen Patricia Dominguez Gallagher, Willie 1 %
van Heerden, Nasser Said-Al-Naief, Roman

Carlos et al. "Molecular profile of head and

neck rhabdomyosarcomas: A systematic
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Anexo 2. Certificado do Comité de Etica em Pesquisa

I, UMICAMP - FACULDADE DE
it QODOMNTOLOGIA DE {W
£0 PIRACICABA DA
UNIVERSIDADE DE CAMPINAS
- FOP/UNICAMP

PARECER CONSUBSTANCIADO DO CEP
DADS DA EMENDA

TEule da Pegquisa: AMALISE CLINICOPATOLOGICA, MORFOLOGICA, IMUNOISTOQUIMICA E
MOLECULAR DOS LINFOMAS NAO-HODGKIN E SARCOMAS DA REGIAC DE
CABECA E PESCOLO EM PACIENTES PEDIATRICOS

Paaquisador: Lady Padia Anstizabal Arboieda

Area Tematica: Senéfca Humana:
(Trata-s2 de pesquisa envolvends Genstica Humana gue ndo nacessta de analse
atica par parie da CONER;);

arsaa: 4

CAAF- 124E59115.5.0000.5413

Instifulgao Proponsnts: Faculidads de Odontoiogla de Placicaba - Unkzamp

Patrocinador Principal: Finandiameanto Proono

DADODSE DO PARECER

Himan 60 Parecer: 5534558

Apraasniagao do Projato:

O parecer Iniclal & elaborado com basa na ransergdo ediada do conteddo do registro do protocoka na
Plataforna Srasll e dos arquivos ansxados 3 Plaiafonma Brasl. O pareceres de reloma, emendzs e
notificagdes 530 elaborados a parilr do Oimo parecer & dos $ados & anuives &3 UEmMa Versdo apresentada
Trata-ze de SOLICITACAD DE EMEMDA (E1) AQ PROTOCCOLO orgnalmente aprovado am DADE2019
para Indusda de2 Insttulgdo coparticipanie, para Incius3o de novos pesquisadores, para ahualizar os dados
da pesquisadora Karen Patricia e para extendar o cronograma de reallzagio da pesquisa. O parecar fol
atuailzado de 3c0rdo com a documentacao apresamada. A solldiagdo 2513 detalhadaments desorita aofinal

do parecs.

A EQUIPE DE PESQUISADORES clitada na capa do projeto de pesquisa, em ordem atfanética, excato
pESQUISANONE responsavel, Inclul LADY PAOLA ARISTIZASAL AREOLEDA (Cirurgld Dentista, Doutoranda
no PPG em Esiomatooatologla da FORUNICAMP, Pesquisadora Responsavel), ALAN ROGER DOS
SANTOS SILVA (Cirurgldo Denflsta, Docenie da Arsa de Semioiogla da FOP-UNICAMP),
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WA LOUREIRD HOFFMAMKN [Medica, Medica Oncoicgista Pedidmizca do Centmo Infantl Bokdnnl), 121004
APARECIDA CARDIMALLIMEdICE, Madica Paiologista do Centra Infantll Eoidrnl), JOSE ANDRES YUNES
(Engenhain AQrinoma, pesquisador do Centro Infanil de Invesiigagies Hematoldglcas Dr Domingos &
Boldrinl), KAREN PATRICIA DOMINGUEZ GALLAGHER (Clrnergld Dentista, Doutoranda no PPG am
Estomatopatologla da FORUNICAMP), LARA MARLA ALEMCAR RAMOS INNOCENTIN [Clungid-dentsta

do Hospital das Clinicas da Faculdade de Medicna de RibeirSo Preto-USP, Inculda em E1), LEANDRO
DORIGAN DE MACEDO (CirurgiSo-dentista do Hosphal das Clinleas da Faculdade de Medkina de Ribeirio
Prato-USP, Incluido em E1), REGINA MARIA HOLANDA DE MENDOMNCA (Cirurgld Dentlsta, Clrurgld
Denitlsta do Centro Infandl Soldinl, Pesquisatora Colaboradora do Departamento de Diagnastico Bucal da
FOR-UNICAMP), 0 gue & corinmado na declaracio dos pesquisadonzs & na PB.

DELINEAMENTC D& PESQUISAC Trala-se de esiudo laboratorial, obesrvacional, comparailva,
retrospecivio, Som D352 em arguiva, que envolverd 174 casos de Indlviduos, com [dades F1é 19 anas,
prasumidamente 2m sua maloria menores de Idade, de amidos o5 5EX5, paclentas dlagnosticados e
Tatados no Centro Infantl Boldin & no Hosphal gas Clinleas da Faculdade de Meding de Ribeirdo Preto —
USP, no pariodo de 19E6 a 2013, que receberam diagndstico de @os linfomas ndo Hodgkln (LNH) e
sarcoma de calefa £ pesCOCd. AS amostras serdo submeilldas a uma varledade de técnicas
Imuncistaguimicas @ moleculares. O abjetivo desie estudo & avalar 3 morplogla, Investigar transiocagdes
cromassdmicas, detemminar o imunofendtipo, & marcadores prognisticos dos INfomas nao Hodgkin (LNH) e
sarcomas de cabeca @ pastoqs tatadas no Cantro Infantll Boidrnl durante o perfoda de 1986-2016. Serfo
avalados o6 casos com dsponiblidade de bloco de paraing, para a reallzagio de novos corles histologices,
utilizango-se coloragdss de hematoaliing & eosina (HAE), assim como reacdes Imunolsioquimicas
(reallzadas pelo programa de pés-graduacio em Esiomatopatologla da Facuklade de Cdontologla de
Piracicabal, uliizandd os sequintes anmticorpos: Vimentna, Desming, Miogenina (MyoD1), Acina Misculo
Espacifica (HHFAS), EMA, COES, LCA, CO20, SOVER, CO3, SOE5R0, CO20CD10, BoE, Protsing pE3, KIaT,
IRFAMUK-1 2 hordizagdo In sl contra o virus Epsteln-Bam (ESV){EBER). Para a Investigagio de
franslocagies cromossamicas serd reallzado técnica de PCR (Polymearase Chaln Reaction), FISH
shibridizzgSo In sHu por Suorescancla) & Iumina TrESight RNA Pan-Cancer Panal. 05 0ad0s Bemograncos e
dinizopataiaglcas sero myisados. For mek desis esld0 espara-6e gerar conhed mentn soore o
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perfll clinicopatoltgiso, morfoldglco, malecular € o munofendtipo de LMH @ 5ancomas gue acametam
expushaments a regido de cabe(a e pescopo de padientes pediatricos. Alem disso, determinar s existe
Comelagdo entre oS resultados desse estudo e oritérics prognéstions oneolbgicos.

Critarcs de Indusd0; -Paciemss pediatricos até 19 anos de idade com dagnésico de LNH ou E3rcomas na
reglin ge cabeca e pescop; <Disponibliidade dos blodos d2 parafing dos c3sos de LMH e 53arcomas que
permitam peio menos 10 crtes para cada casa.

Critéros de exciusaoc-Casts de LNH & Sarcomas em cabega & PESCoD S2m presana de biodo de parafina
au com mateda Insuficlente para reallzar a5 coloragles, técnicas moleculares 2 as reagbes
Imunoistoquimicas.

MATERIALS E METCDOS:

Fod realzado um levantamento para identifcar a casulstica do ca3ncer da cabeca & PESCO Nos padientes
pediaticos sub aprovacdo do comiid g2 Stlca em pesgulsa @3 masma Instiulcdo com o CAAE:
Ba0EEZ 7.5, 00005376, 2 Toram denifcados 104 casns de LNH 2 7O s3arcomas no Centno Infantl Ecidnnl no
perioda de 1936 ate o ano de 2016 [Arboleda et al., 2015 Assim, basaadas nesie primein eshuda, 3 faka
=133 5ard caracierizada nos segulntes gnupos etanos: menores d2 0 anos, de 1-4 anas, de 39 anos, de 10-
14 anos 2 de 1519 2nos, onde 3 estimativa val s2r malor para o giupe o5 pacientes de 5-9 ancs e o
pacienias da 10-14 ancs, & o5 packentes o gEnern masculings provaveimends terSio uma makr inckiencia
Desta manedia s2rdo coletados of casos com disponibllidade Sos bocos de parafing 2 levaniamento
cornplementar 05 £3506 08 fumanes mallgnos 2m regldo de cabega @ pescogn, dagnosticados nos anas de
2017 e 2018, O prontuanos medicos serdo avalados nas areas praviamente autorzadas do Centro Infamt]
Boldrinl, para comnmagdo dos dados praviamenie coletados e também sardo revisados o5 proniudmos
médicos do Haspital das Clinicas da Faculdade de Medicha de Ribeinda Preto — LISP para coletar of dados
dinlcos 005 C3506 3 Serem INculdos. As sequintas varavels cinlcopatologicas serdo anallsadas: gener,
idade, localzagho do Sumor primano, sintomatologla, tratamento, ocomenda de Segundcs fmores primanos,
recidivas, Tollow-up (packente vivo ou morn), tEmpo de sobrevita Iie de doenca, & o Empo de sobresida
qglabai.

Uma waz colatados 06 blocos de parafing, noves cortes hisiologicos de 5 pm de espessura, corados em
hemaboxiing 2 2osing, serdo confeccionados no laboraténio d2 palologla do departamento de
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Dlagnastico Oral da FOP-UNICAMP para avallagho e anallse histopatologico, que serd reallzada em
conjunto com os medcos patoiogistas o Centro Infant!l Boldrinl & do Hospial das Clinicas da Facuklads de
Medicina de Rip2irda Preto — USP coauiores desia projeto.

Reages Imundstoquimicas desanvolvidas no laboraton de patoiogla do Depatamentio de Diagntstico Oral
da Faculdade g Odoniologla de Piracicaba (UNICAMP) serfo reallzadas para determinar o perfll de
marcagles e comelacionar com fatores progndstlcos. s antlepos 3 ser utllizagos sao Vimenting,
Desmina, Miogenina (MyoD1), Actina Muscul Espacifica (HHF3S), EMa, CDS9, LCA, CO20, COT9a, CO3,
CD45R0,C030 COM0, Bola. Para avalar a Importancla do progndstico, sa2rdo testados os seguintes
antleorpos: Prodeina pSd, KIEY, IRFAMUM-1 [Andrade et d., 2012}

As reagles de hibddizagdo In slbu (HIS) tamibém serdo realzadas no laborstdno d2 Imunolstoquimicsa d&a
FORYUNICAMP para ldentficacio do vinus S5V ({EEER) PNA Probe/FlucrescainCods YS200) nos c3sos de
LNH, 3s5im como nos demals casos onde a ldentifcagSo possua valor dagnastico (Fumayor et al., 2017},
O casos submetidos 35 reagles Imunolsioquimicas supraciizdas s2rdo classiicados por patologistas como
sendo negatives [ 5% de células neoplasicas postivas) ou postivos (> 5% de cdiulas neaplaskas positivas)
para cada marcador (adaptagies nesies valores poderdo ser faltas samore que sugends na IReratura
perinente). Para a determinagda do potenclad de prolferagao ceiular mensurada pelas reagles dredonadss
contra KIET s20d realzada a quamiticagds doital das marcachss por maio do usd 0o escansador d2 JAminss
Aperio ScanScope CSB{Aperio Technology, VIsta, CA, USA) disponivel no Depariamento de Dlagntstico
Oral (Patologla) da Faculdade de Cdonioiogla de Piradicaba — UNICAMP e obtido por meko e audllo
FAPESP processD 200%053535-2. Para reallzacado desta quantificagdo digtal serdo wilzados o software
ImageScope (Aparo Technoliogy, Vista, CA, USA) e 0 akgorimo Nudear VB (Apario Technology, Vista, CA,
LS4} seguindo-s2 o parametnas deteminadas no momento 83 padronizagao do Jgorimo digial. Serao
avalladas &5 10 dreas mals marcadas para delenminagao do indlce de proliferagao de cada c3so

O resuliacas obikdos serd0 entdo submetidos a testes estalisticos de associagdo, comelacdo & de analse
de sobrevida [iesles univarados & multivariados) que deverdo ser salecionados no momento mals
apropriado e serdp desenvoividos por um espedallsta em analses blosstatisticas.

As tScnicas moleculares serao redlzadas no laboraidno de bologla molecular do Cemm Infart
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Boldrinl em conjunio com o Coutor Jos& Andrés Yunes, membio da equipe em Gendlica e Blologla
Molacwlar do Centro Infamtll Ealdrinl. PCR @ FISH serdo reallzadas com a nalldads g2 encontrar as
ranslocagles cromossamicas que s30 reportadas na IMersbura para certos subilpos @e LNH e sarcomas,
porém, para o5 tipos d2 LNH & sarcomas sem translocaces cromossdmicas conhecldas, serd realzado
urna acnica de Tresight RNA Pan-Cancer Panel, obiendd uma comprasnsan mais profunda dos padnles de

SNpEssa0 §ANIE & d=lecga0 de genes de fusdo (Martano et &, 201E).
Desta manedra, a Importancia da avalacao geneica des’2 estudo 58 CONCENIra nd conhecimento &2 novas

iranslocagdes cromossamicas @ na confimMmagan das |a exstenies, para reallzar wn pestll mals definldo
destas malignidades em paclenies pediarions com cancar, udantdo nd conhaimento da patogéness, e
cansaquentemente para o desenvalvimanio 2 futuros estudos sobee g2 novos tpos de tratamentos,
avalaches de prognostico, @ dagnastico precocs destas malgnidades em paclentes pediatricos.

A analsa dos resultados serd realizada nas trés Instiulgies, Faculdads de Cdoniologla d2 Plracicaba,
Centro Infantl Boidinl 2 o Hespital das Clinicas da Faculdade de Medcina de Rlbeirda Preta — USP.
Analise dos dados: Meste estndd, a5 varlavels demogiaficas [dade, gsnaro, stnla), fatones de Mscd,
3spechos pogranicas (area acometida palo fumar e estadlamento dinlza), comortidades, Infoamagdes do
axame fskco, modalidades teraputicas & mancadores prognbsticos serdo anzlisadas e Jpreseniadas por

melo de estatistica desontiva, langando m3a de nomernas absoluios, fraguencias, porcantagens, media j+
desvlo-padran) ou mediana, confome aprognado. Sardo ullizados testes de ass0ciafa0 & 05 desfachos
clinicoes s2rS0 eXpressns por melo o fEmpo pam ooomenda de dolo ssqundo metodo de Kaplan-Meler par
mels de cunvas de sobrevida O dados serao analsadas com auxllo do pacote software SAS (verskon 903,
SAS Instiute Inc., Cary, NC, USA).

RESULTADOS ESPERADOS: A consacugio g0 presenta projein de pesgulsa testard as diferengas
morfoioglcas e Imunolsioguimicas gue existam nos diferentes sublipes de LNH & sarcomas beallzados na
regldo de cabega e pescogo dos pacientes pediatricos. Além disso, provara que marcachess pesivas para
MUM-1 e EBV nos LMH afstam o prognostico oncolégicn. Finalmente, com as 1eenlzas moleculanes, nowvas
Tanslocagles cromossdmicas dos sarcomas 2 LNH serdo enconfradas, o gue gera um conhedmento da
biologla tumoral e possivels comelaghes dinicas.

Local ga pesgquisac A analss dos resutados serd r2allzada nas inds Instiuches, Facukade de
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Cdontologla de Firecizaba, Centro Imfanil Boidinl @ o Hospital das Clinicas 8@ Facuidade de Medlcing de
Rlbeirdo Preta — USP.

Foram apresentadss em anaxn 30 projeto de pesquisa os seguintes anewos: Anexo | {Linfoma naa Hodgkin
am cabega & pescogn de packentes pediaticos do Cantro Infantl Boidrnl), Anexo | (Sarcomas relacionaccs
s anomallas geneticas) e Anexa Il {Samomas em cabaca & pescogo de paclentes pedidticos do Cantro
Infantll E<sidrin).

Pendencia 1 (atendida em 200519} O5 pesguisadores Infarmanm que “Fol Insarida a falka atarla e
distribulgao por 5ex0 005 pacienies que fardo parte da pesquisa, baseados na puitlcagdo prévia sobre a
distribuipSo demogranica e clinicopatoidglea do cincer de cabaga @ PESCOGO NOS packentss padlat cos do
Cerind Iinfantll Ecdinr.

Pensencia 2 (atendita em 20/M519)- Os pesquisadores Infommaram que “Fol modificata a lista das
metodologlas, assocandd cada uma delas no respactive local de reallzagio, sendo que as alividades da
pesquisa sarSo desanvoividas em ambas Institulgles (Facultade e Cdontologla d2 Plracicada e Cantro
Infantl Saldrinly™.

Pandenda 2 (aendlta em 200519y Quanto & publicacio presvia, os pesquisadaras Infomaram que “Fol
Inserido a aprovagio do CEP do Centro Infantl de Investgagdes Hematoibgicas Ov.Domingos A Boldrinl da
punllcacio previa dos pesquisatores, com o CAAE: 64034217.5.0000.5376, Numero do Parecear:
1.947.205".

Pendencla 4 (atendlda em 20i05/15)- Quanto 4 possivel utlidade ¢a avallaglo genslica para os
participantss da pasguisa, os pasguisadores. Informaram gue "0 estudo abrange desde o ano 1386 ate
2016, razdo p21a qual, a malora abedina dos padenies que paticioarao da Nossa pesquisa, @ oe packentes
que conclulram fraamento oncologico. Desta mane, a Importansa o3 avallagio qenstica desta estudo 52
concentra no conhedmento de novas ransiocacles CroMossAmicas & na confinmagdo das |4 exlsienies,
para raaltzar um paifil mals definito destas mallgnidadas em pacientss pediamcos com cancer, sjudanda no
conhecimenta da patognese, & consequentements para o desenvolvimento & fuiuros estutios soore de
nowos tioos de tratamentas, avallagdes e prognostico, & diagndstico precoce destas malgnidades em
paclentes pediaticos. Poranto ndo esta prevista wiildade dirsta dos resultados para os pacentes daste
estudo retrospactive”.

Pandancla S (aindida em 200519} O CONOGIAMA Propesio pam a pesquisa no projelo Infoma que serfo
necessanos 20 meses para condlusao do esteda. O cronograma desctto na PS Indlea que 3 pesquisa s
Iniciada em 01072019 & s2r@ concludda em 01032021, em oerca de 20
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MEGES.

O arquivo ajustado do projelo de pesqulsa, com a5 areas modificadas marcadas em amareio fol
apreseniado.

Pandéncia 1 de amenda 1 (abendida em 07022 O cronograma do protocolo na E1 Informa que serio
NECEs5aroE 43 meses para a conclusao do estudo. O cronograma deseio na PB em E1 Indica que a
pesguiEa ol Inkdada em 0172019 e sera concluidd em 272020234, em caica oe 42 Meses, ceicy e 22
meses g extensan 0o Croncgrama.

Objetive da Pasquisa:

JUSTIFICATIVA Emiwintude dos LWH e Sarcomas serem os Hpos de CCPPP mals comuns mundaiments,
especialmenia no Brasll, toma-se fundamental far um conhecmento amplo sotife 0 COMparamenT bicldgco
2 dinica destas malignidades, princpalments porjuse pacientas nessa falaE etada aoresentam notdas
diferencas em tarmos prognésticoes, gerando umn verdadeino desafio no diagnistico opartuno & manejo
s A oM, causando um impacty negathvo na qualidads de vida dos pacisntes afelados. Srandes s&ries de
cas0s Investigando as caracteristicas clinicopatoidgicas, morDlogicos & Imunoistoguimicos dos LNH e
EAMCOMaE AComeiendo a regldo de cabaga & pescogo Nos padentes peddTicos 530 rarss, o que diicuta a
COMpreensan 435 caraieristicas clinicopaioltgicas destas condicles.

HIPOTESE: A cOnNGECcU30 do presents projeto de pesquisa t2stara a hipdiese de que 2xdsiem disrencas
morfokigicas e Imunolstoquimicas nos diferentes subtipos de LMH e sarcomas localizadas na regiio de
CaAlECA & pescofd 005 pacientes pedidmicss. Aldm dissa, provarm que marcagdes positivas para MUM-1 &
EBW nos LMH afztam o prognostico oncoltglco. Finalmente, com as técnicas moleculares, novas
Tanslocagies cromossamicas Sos Sarcomas 2 LNH sardo encontradas, 0 gue gera um conhedments &3
bilogla tumoral e possivels comelagles dinlcas.

OEJETIVO PRIMARIO: Este estdo tem como objetive determinar a morfologla, a5 caracterisiicas
moleculares e o perll Imunolsioguimico dos LNH e saromas locallzados na regSo de cabeca @ pescogd de
padenies pedlatricos, criando padrdes gue facllitam o diagndstics precoce e, consaquentamente, o
progridstico & a qualldade de vida. Além dissa, prople-se 3 anallsar o marcadores prognasticos
cormedacionados com as caraciensticas do esladlamento oncoltglco & de sobrevida dos pacientes
eshudados.

OEUETIVOS SECUNDARIDS: ~Descravel 35 caractersicas morfoltgleas dos LNH & 005 5anomas em
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CHIECA £ PESCOCD e pacienies padlatricos; -Determingr a exstencla de transiocaches cromosstmicas por
melo de 1écnicas moleculares dos LNH e dos 5arcomas em cabegd & pescogo de paciantss pedlatricos:;
-Disterminar o Imunofzndtios de cada sustipo histiopaioltgico de LNH @ 5arcomas em cabega e pescogn de

pacientes pediaticos; -Avallar o Impacin das caracteristicas moroiogheas & Imunolstoquimicas na sobrevida
de patientes pedlatricos com LNH e sarcomas de cabaga e pescons; <Delenminar 56 o5 marcadones MUM1,
¥-E7 & p-53 Irfuenclam na sobrevida dos pacientes aletados por LMH em cabaga @ pescogo o2 packentes
pediaticos; ~Avallar os padrdes de marcagas de ESV nos LNH em cabega @ pescogd de padentes
pediaincos por melo da Nibidzacda In s,

Lvallagan dos Rlscos & Beneflcios:

Pandencia & (Jtendida em 200051 §-Cuani 308 Mscos & desconfortos previstos para os pantkipanies,os
pesquisadores Informaram que “Coma o presante projsto & refrospecivo, a5 Informachss serdo obidas a
partir de ragistros de prontusnos, @ 35 andallses serlo reallzadas nos biocos Nsopatolbghcts SEM EXpOr O
paciente, conslieranos esse estudo Comd d2 balxo fsco”.

Pendencla 7 (atendida em 200ISM19-Cuanio 30s beneflclos direlos previstos para o5 participantas, os
pesquisadores Infmaram que & Importanca da avalacao genética deste estudo se concantra no

conhedmeanto de novas Tanskiocagies romossAmIcas 2 na confiMmacao das |3 exdstenies, para r2allzar um
perfl mais definido destas malignidades em packentes padlatricos com cANCEr, ajudando no conhecimento

da patogénesa, & consequentaments para o desenvolvimeanto e futuncs esudos soore de noves tpos de
tratamentos, avallaghes @2 prognostico, e dagnastico precoce destas mallgnidadas em pacieniss
pedlatrcos. Portanio ndo esta prevista uillidade dreta dos resuliados para os pacientss deste estudo
retrospectiva”.

O arquivo com 05 comantarios &lcos ajustadas, com as dreas modifcadas mancadas em amareio fol
apresaniado.

Comantaros & Conslderagies aobrs a Pesquisa:
COMENTARIO-QuUanto 30 moda e abordagem dos participantes da pesguisa para a obbengdo do TCLE o5

pesguisadons Infomaram no arquive “comentanos” qua 0 preseme projsto utlizars todas a5 Informades
| coietanas nos pronfucnos medicos, Zelando-s por presenvar a kentidade dos padientes elegivels por

melo das Iniclals do nome dos pacienies @ um nimen de reglsina, que
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£20d vineulada 30 NUMEr do prontuano. Serad wiizades dados secundanos a partr do estudo de materal
|& coletado para fins dlagnasticos (Hlocos histopatokdgicos); portanto, ndo havera particlpagdo dreta de
pacienies que poss3 QErar desCoNTIND o Hsco 305 Masmos. Desta manaima, sollcharemas 3o Comits de
Slica em Pesquisa a dspensa do Temo de Consentimento Live & Esclanscida™. 14 no raglsing do protocoio
na PE Informaram que “Propde dispensa do TCLET Sim. Justfisativa: Todas 35 Infomagdes coletadas dos
prontuanes medices provenientes do Centro nfandl Boldrinl serdo colhldas, anallsados @ publleados 2eando
-5& POr Praservar a ldentidade dos pacientes elegivels por melo das Inlclals do nome dos pacientes & um

nimerg de ragistng, que s2ra vinculadd 30 NOmerD do prontuano. Serd fgarssamente cumpnoas todos os
aspectos élicos, especificaments delerminadaes pelas diretrizes & nornas 43 Resolugdo 456/12, do
Conselnd Nadonal d2 Sadde. Como 35 andlses do presente esiudo retrospaclvo secda reallzadas nos
Dlocos histopatalogioos, 2 as Informagdes necessanas sarao cblidas a parllr de regisbros de pronbuarios,
SEM EXpOr O packenta 3 fscos, sollcharemas 30 Comie de Elica em Pesguisa do Centro Infandl Boldrinl a

dispensa o Termo de Consentimento Livre & Ssciarecdo”. Conslderando que os pacientes 530 em 5Ua
totalidade do Centro Infantll Boldrinl, que tem um CEP assodado, que avallars est profocolo na sequénca

d3 aprovagan pelo CEP-FOP, consldera-se mals adequaa Jue 3 dacisdo e parnitie o uso dos dadas 2 das
AMCETAS COM ou 52m 3 3plcagdo do Consentimento A0S Pacieni=s & S2Us respoNsavels o583 3 cargo do
CEP do Centra Infantl Soldrinl, que 3ssumiEd 3 responsaislldage prasenta e fubura da decisdo. Destacase
que o paslclonamento comente do CEP-FOP s00re 3 dispensa da aplicagdo do Consentmenio em
pesguisas gua uillzsm amostas e dados de amguivo 56 & favorivel com a |ustificativa etica fundamentada
na protecao do pankipants e ndo fundamentada na conmvenignsda das pasquisadons.

Cuanto 3 |ustficaiva para panticinacho o8 grupos vulneravels o pasquisadores Infonmaram que “0 prasante
esdo ulllzars o maiedal proveniznia do Canbo Infantll Eoldrinl que & espelallzads no alendimentn de
crlangas e adolescantes, desta maneira, 06 pacientes menones de |tade serdo vulnaravels 30 estudo; no
anianto, como 35 anallses 0o prasenie projeto serao reallzadas nos blocos histopaiolagicos, & a5
Informagies necessanas s2rdd oblicas 3 partir de reglsiros de pronbuanios, sem <xpor o paciante a lscos,
sallcitaremos ao Comite de Etlea em Pesquisa da Centra Infantll Soddrinl 3 dispensa do Termo de
Consantimento Livre e Escdarecido®.

Quanto & medidas de profegao a confldendalldase o5 pesquisadores Informaram que “Serdo
rgorsamente cumprdos todos 05 aspactos aticos, especiicaments determinados pedas diretrizes
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2 Nmas a3 Resolugdo 466712, do Conselho Nasknal de Saide. Todas as Informagles coletadas dos
prontusnios madicos serdo colldas, analsatos & publieados 22lando-se por presernvar a ldentikdade dos
pacienies elegivels por melo das Inicials do nome dos paclentes & Um nimen de registno, que s5era
winculago &2 ndmere do proniuana”.

Cruamo A previsdo de ressancimento de gastos 0F pesquisadones Infomaram que “Nao havera previsdo de
ressarcimenio, pols a partcipacdo na pesgquisa nao caUsara fespesas adkionals aos voluntanos. Todas as
etapas que serdo reallzadas no estudo e 3s despesas desta pesquisa serd financlada por agenclas de
fomenio em pesquisa”.

Cramo A previsdo de Indenlzagdo efou reparagio de danosos pesquisadores Informaramque “MNao haverd
previsao de Indenlzagdo elou reparagdo de dancs, pals ndo ha rfsco previsivel pela participagdo na
pesquisa”.

Cruanto 205 oriténos para suspendar ou encemar a pesquisa os pesguisadones Informaram que “Nao ha
prayisdo de suspensan da pesquisa e que 3 mesma 58rd encemada quando a5 Informacdes deseladas
forem cotidas, ou 583, 30 nal 005 experimentios. SoD nenhum pretexio Navera sUSpNsS0 oU encamamanto
da pesquisa sem 3 apresentacdo de resultados gue reimalmentam a pesquisa”.

Pandéncia & (atendida em 200519} Quanto is medldas para protagSo ou minimizagso dos desconionos e
riscos previshels 05 pRsqUisadores Infamaram que “Nio exsie propriamants Sesconfortas oU MScos pars
05 participantes”.

O arguivo oM 05 comentarios &tlleos a|ustados, com a5 dreas modificadas mancadas em amareia fol
apresaniado.

Consldsraghes sobre of Termos de apresentsglo obrigsiona:
A FR fol apresentada presnchida (174 particlpantes, sem patrocinador principal) e assinada pela

pesquisadora responsavel (Dra Lady Pacia Arstizabal Arboieds) e pelo Dirstor da FOP-UNICAMP (D,
Francisco Halter Meta).

A capa do projeto cita o5 Sados solicizdos pelo CEP-FOP.

Fol apresentada 3 dedaragdo dos pesquisadonss, atequataments presnchida & assinada
Em D30&/2022 (E1) fol apresentada a declaragdo dos pesquisadores, adequadaments preenchida e
assinada por iodos o5 pesquisadones.

COMENTARIO -Fol apreseniada a dedarsgao da Institulgdo, atequatamenia presnchida e assinada
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Desiaca-6e que nado foram listados todos os nomes dos pesquisadores no documenta, Mas o Mesmo
mantem s 35pecio legal e oo no contexto do protocoia.

COMENTARIO -Fol awresentada a anuendia do Centro Infantll Soldrind para a realzagdo da pesgulsa,
assinada pela Dra Sivia Regina Brandallsa (Presidanta do Cantro Infantl Boldrinl) & pela Dra Regina Mara
Holanda de Mendonga [Departamento de Odoniologla da Centro Irfantll Soldrn). Destacs-52 qua no foram
lIstados todos 06 nomes dos pesquisadores no SOCUMENT0, M3s 0 MEsmo Maniém s2u aspecio legal e &3co
no contexio do protocia. Caso o CEP do Cento Infantl de Investigagdes Hamatoltgioas Dr. Domingas A
Saldrinl corslidere necessaro, obvlamente solichara o ajuste fo documanio.

Fol apresentada a Declaragdo 03 Insttulgdo Coparticipante assinada pela Ora Shia Regina Brandailse
iPresidenie do Cemro Infantll Ecddrinl).

Fol apresantada a justifcativa para a nao aplieacao do consentimento a0s pacientes/particlpantas e GeUs
TeEpONSAVals, como dasctto adma.

O orgamentn descrto na PE IMforma que 3 pasquisa bara custo de RS 49.300,00,para aquisiclo de materal
de laborattrio e fransporte,& que 52ra bancada pelos pesguisadonss.

A pesquisa fol classiicada nas Grandes Aras 2 e 4 (Clenclas Bloidgicas & Clancas da Salde) e fam como
o pUnlico "ANALISE CLINICOPATOLOGICA, MORFOLOGICA, IMUNDISTOQUIMICA E MOLECULAR
DOS LINFOMAS NAD-HODGKIN E SARCOMAS D REGIAD DE CASECS E PESDOCD EM PACIENTES
PECIATRICOS"

A InsttulgSo proponente da pesquisa @ a Facuidade da Odortologla d2 Plracicaba — Unicamp.

O Heespital 3 Clinlcas da Faculdade de Medisna de Ribairda Preto da USP — HCFMRP e o Centro Infantil
de Investigagles Hematologicas Dr.Domingas A Boldrinl foram listagas Institulpdes Coparticlpantes. Os
CEPs das Insituigles Coparticipantes avalardo o profocilo 3pds 3 aprovagdo do pelo CERP-FOP & 3
pesquisa 50 deve s2r iniclada apds 3 aprovagdo daqueies CEPS

Pandsncla 9 (atendida em 2005/19)-Fol apresantado o raguiamento de biomepesiiong para as amostras. O
axin IMfoma que 35 amostas 52030 todas orundas do Centm Boldrinl & que serao relomadas a08 anquives
daquele cendro 3o Snal da pesquisa

Pandénca 10 [atendlda em 20F0EH9} A pesquisa Tol classicada na anea iemalica especld * "Genélica
Humana: [Trata-s2 de pesguisa envoivendo Sanética Humana gue nio necessia de analse edea por pare
da CORER".

Em OE0E20122 o5 PESQUISADORES SOLICITARAM EMENDA E1 AQ PROTCCOLO para 3s seguintas
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aheragfes: "1- Inclulr coma InstitulSo coparticipante do projeto 3o Hosphial das Clinicas da Faculdade de
Medicing de Ribairda Prato — UISP, pols contibuirdo com casos de rabdomisesarcoma oe calecs 2 pescocn
am crlangas que serdo Incluldos Na amosia do estudo. 2- Inclulr A equipe do projeto como pesquisatones
COlADOrAdores 305 saquintes profisslonas: 3 Dra. Laa Manla Alencar Ramas Innocentnl - CRF 01 1.023.501-
% & o Or. Leandro Dorgan de Macedo — CPF D127TE455506, pols eles, s2adionaran oF Cas0s 02 Sareomas
da reghao de cabefa @ pescopD em oflangas, & Judardo com 3 coleta de dados clinkes patoldgleos dios
prontusnos madeos dos packentes pedlatrcos COM SarComMas de cabera @ pescogd oo Hospital das Clinkas
da Facwidade de Medicing de Rib2irdo Preto — USP. Tambam serdd o5 responsdvels e encaminhar a5
laminas em branco dos casns seleclonadas para o laboratdno de Patalogla Ol da FOP-UNICAMP. 3
Atuailzar of dados da pesquisadora Karen Patricla Dominguez Gallagher de naclonaldace Paraguala com
RME: FOS722-1".

Os pesquisadones Informaram ainda que 4- O refattro de atividades parclals |4 Tol Inciulto na Plataforma
Brasll. 5 N30 ha outras modiicagbes no protocoio, exceto 35 acima listadas”.

Fol apresentado relatdno parclal de athidades da pesguisa, que Informa estar a pesquisa em andamento,
com previsSo de taming para 2212/2024, que Ja foram Incluldos 35 3505 de rabdomkssarcomas e 52
linfomias nac-Hodgking que nao howve Intercomencda com of paridpantes e que o5 resultados parcials nao
soram pubilcadas nam apresentados em Congressos Clentffieos.

Ma resposta de OTDA202E o pesqulisadores sollcharam a extens30 oo Cronograma como 52 5egue “Devido
4 pandemia, o Cronograma do projeto teve que ser modficada porgue no ano 2020 e Inlkos de 2021 o
3CeEs0 30G AqUivDs & resiTiio o gque dficuliou 3 coleta dos c3506 & revisdo dos prontuanos pan Indurna
pesquisa. Conseguentamente, fivemos que postargar os trabalhos de laboratarie como coloraglies
histoguimlcas e Imuno-hisioquimicas 2 também 3 anallse microscopica dos casos. Conslderanda o
mencionada antzrimments o Cronograma fol atterado no projeto & na PE™.

Pendencia 2 de emenda 1 (atendika em O7/09V22): Fol apresentada o regulameanio de biomeposhono
dlustado para & nova Instiulcd.

Pandencia 3 de emenda 1 (abendida em O7/0%22) Fol apresentada a autonzaglo o AcessD & usD 305
arquivos @0 Hospital das Clinicas da Facukdade de Madicinag de Ribeirdo Preto — USP, assinada pelo O
Hilton Marzos Alves Rios.
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Recomandagies:

As recomendagies 3 sequir 3o 530 peNIensas & podem ou nao Sef Apicavels 30 protocoio em tea. Mao
ha necessklads de reEposta a5 mesmas. RECOMENDACAD 1- E obrigagio do pesquisador desanvolver o
prajeio de pesquisa em compista conformidade com a proposia agresentada a0 CEP. Mudangas que
VETNGEM 3 567 NECESEANS5 3PS 3 aprovagao pelo CEP devem ser comunicadas na foma d2 emendas a0
profocolo por melo da PE. RECOMENDACAD 2- Apds a aprovacio oo protocolo de pesquisa os
pesquisatones devem atentar para a necessidate de envio de relatbrios parclals e athidade (no minimo
um a cada 12 mesas) & do relatno final de atividads (30 tAming da pesquisa). Os pesquisadarss devem
Informar & Justificar 3o CEP 3 eventual necassidads de Intemupcao ou Intb2rmupgdo fotal ou pardal da
pesquisa. RECOMENDAGAD 3- Resorga-se a necessidate do registro de Blomeposhtnas para 35 amosinas
Dloldglcas coletadas & que nao sejam de uso Imediaio. A Intzngdo deve sar registrada no projeto, no
Regulameanta do Blomepositéro & no TCLE que sera assinado pelo participanie. RECOMENDACAD 4- Os
pesquisadores devem alentar para a necessidade de aplicagio de TCLE para colela de amastas a Serem
estocadas em Blobancos & Blomapositanos e para a necassidada de aplicasdo da nove TCLE quando da
reallzaco de novas pesquisas com o materal estocado. RECOMENDAGAD 5- Pesgulsas com dentes
doadas por profissionals de salde ainda 530 toleradas em hipatese pelo CER-FOP, mas os pesquisadores
devem estar clentes de que asta solugo dsta do ldaal &%co de consuita direta ao pariciparia por meio de
TCLE espacifico da pesquisa ou da obbancdo dos dentes a partir de um Slobanco de dantas e que estas
dltmas sltuagdes deverlam ser escolhidas em substiulclo a primelra. RECOMENDACAO 6- Cs
pesquisadanzs devem manter of armuhvas de Nichas, i2rmos, dadas @ amasiras sob sua guarda por pelo
menos 5 anos apos o término da pesguisa. RECOMENDACAD 7- Destaca-se Que O parecer
consubstanclado @ o documento oficlal de aprovagao do sistema CERCONEP e os cerificados emitidos
pela secretarta do CEP-FOP, a pedido, 3006 a aprovagio 2nal do profocolo, 54 12m valor simbolico & devem
saf ayiEnas. REEIIII'.-'EHEI.-’LI;E.-:] - Imtercoamsncl 35 @ evenios adversas davem ser relaladios an CEP-FOP
por melo da PS. RECOMENDACAD & Os pesquisadorss devem encaminhar o5 resuliados da pesquisa
para publicagdo & dvulgagdo, com davido credio a todios que b2nham cilabarada com a reallzacdo &a
pesquisa. RECOMENDAGAD 10- © parecer do CEP-FOP & fortemente baseado nos texios do profocoio
ancaminhado pakes pasquisadoras & poda conter Inclushve trechas transorfios Iteraimante do projeto ou de
outras partes do protoenio. Trata-se, alnda assim, de uma Intespretagdo do protocoio. C:3s0 Sigum trecho do

par=cer nao comesponda a0 que sfetivaments ol proposto no protocoly, oS pesqUIEadonss
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devemn s2 manifestar sobre esia discrepancla. A nao manifesiacdo dos pesquisadores sera Intemretada
oMo concordancla com a Ndedignidade do texin do parecer no tocanie & proposta do protocolo.

Conclusdies ou Pendénclas & Lista de Inadequacies:
N30 had mals penddncias por resoiver &m relagado 3 soliciacio de emenda E1 (vide fexio adma).

Conslderagtes Finals a critério do CEP:
Parecer de aprovagao de Emenda a protocoio emifdo "ad referendum™ confome autorzagdo do Coleglado
na reuntdo de 022022 O paredcsr serd submelido para homologagdo na reuntdo de 051072022

Este parscer ol slaborado bassado nos documentos abalko reladonados:

Tipo Documento Arquivo Postagem ALror S
ITonmaghes Baskcas| PO_INFORMAGLES BASICAS 191312 Dvidadzz AR
do Frojein 4 Elpd 19:30:05
D] G2 3CE650_AqUve_HCUSP ementapdl | UrUNS0ZE |Raren Pada BT
nstiulgao e 19:27:56 | Dominguez Gallagher
Infraestnuira
Projein DEalnano | | Projeio_modncado_emenda pdl D7ON2022 |waren Parcia AR
SirochurE 192737 | Dominguez Gallagher
Investiqador
Cron modficado emenda DTA%2022 | Kamen Parcda ArEitn

= ST - ke 19:24:52 | Dominguez Gallagher
DeCiaragan o2 SIOMEpCEIng_MOCMCatD_emendapdl | DrON2022 | karen Pancia AR
Marnesio Matenal 19:24:3% | Dominguez Gallagner
SioiogicD
Escrenoshono /
Eioianco
Outros Cana_resposia_emenda pdt D7ON2022 |waren Pancia AR

19:24:17 | Dominguez Gallagher

OGS JUETTcalva_Emenda. pat 03062022 | Lady Paola Ao
1844712 | Arisizabal Arpoleda

OGS Relaons_Fardial pa’ 03062022 | Lady Paola Ao
184204 | Arisizanal
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[T relaanD_Fardal. pal LB | ArDoieda 2]
184204

Projeto Dealnada | | Projesa_Emenda. pat [GREZIZ2 [Lady Paola Aot

Srochura 183932 | Arisizabal Arooleda

Ivestigador

Declaragso 02 S1DeclaraPesquisalones._tmenda.pd! | DS0B20Z2 | Lady Paola Aot

Popquisadones 18:39:08 | Arisizabal Arooleda

Cutros Calta_resposta_parsecer par IOMIS2019 | Lady Paola Aot

Declaragio 02 Requiamento_picrreposiiona, pdt IOMIS2019 | Lady Paola Aot

Manussko Maiana 232540 | Afstzabng Arooleda

Sioiogin

Blorepashado /

Elooancs

oS FCormenianos. pdf 20052019 | Lady Paola HAcafha
23235004 | Aristzabal Arpoleda

oS CEPcompleto M 24042019 | Leny Caclla Faro HAcafha
e I = ]

oS G 1An=yabedaa pdf 2304/2019 | Lady Paola HAcafha
19:32.35 | Arsizabal Arooleda

(BT O ANENHATA I 230402019 | LAy Faola LI
19:31:3% | Arsizabal Arooleda

TClEf Temosde (2 10LE M 230402019 | LAy Faola LI

Ascermimenia 191726 | Arsizabal Arodleda

JusTficativa da

Aussncla

Decd da S30esarainsmukan paf 230412019 | Lady Paola HAcafha

Instiulzam e 19:15:51 | Arstzabal Arooleda

Imrassiniura

Foiha e Rosto 1 Foinadensio pdr 2304/2019 | Lady Paola HAcafha
19:13:14 | Arsizabal Arooleda

Sifuagdo do Parecs:

Aprovada

Macessita Apreciagae da COMEP:

Mo
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Anexo 3. Autorizagdo da Editora - Artigo 1.
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Found 1 result for an alternative search. . : :
X Save Emmail Send to Display options Lf
Your search for Molecular profile of head an... retrieved no results.

Review > Cral Surg Oral Med Cral Pathol Oral Radicl. 2022 Sep;134(3):354-366. EULL TEXT LINKS
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