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Abstract

Background: Rhabdomyosarcoma, a rare malignant tumor, frequently affects pediatric
patients, with 35-40% occurring in the head and neck. This study analyzes the
clinicopathologic profile of pediatric head and neck rhabdomyosarcomas from Brazil,
Guatemala, Mexico, and South Africa. Methods: We reviewed 44 cases from ten Oral
and Maxillofacial Pathology services, conducting immunohistochemical analyses of
Desmin, Myogenin, Myo-D1, and Ki67, with quantification via QuPath software. Cases
with >50% Myogenin expression were tested for fusion status using AP2f3, NOS-1, and
HMGA?2. Statistical analyses included the Kruskal-Wallis test for age and marker
expression comparisons, Fisher's exact test for categorical variables, Spearman's rank
correlation for marker relationships, and multinomial logistic regression to assess fusion
status likelihood. Results: Cases were predominantly from Brazil (40.9%), followed by
South Africa (27.3%), Guatemala (22.7%), and Mexico (9.1%). Two-thirds of patients
were diagnosed in their first decade with no gender predilection. Non-parameningeal sites
(45.5%) were more affected than parameningeal (40.9%) and orbital sites.
Microscopically, embryonal rhabdomyosarcoma (77.3%) was most common, followed
by alveolar (18.2%) and spindle cell (2.3%) tumors. Immunohistochemistry revealed
positivity for myogenic markers, with significant differences in Myogenin expression
between embryonal and alveolar RMS variants (p<0.05). Fusion status prediction
identified two potential fusion-positive alveolar RMS cases, while all embryonal RMS

and one alveolar RMS case appeared fusion-negative. Significant correlation with



positive fusion status was found only between AP2f and NOS1 (p < 0.05). Conclusion:
Although there are slight clinical-demographic variations among pediatric head and neck
rhabdomyosarcomas in these regions, identifying fusion status through

immunohistochemistry remains a diagnostic challenge.

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

1. INTRODUCTION

Rhabdomyosarcoma (RMS), a prevalent pediatric soft tissue sarcoma (STS),
originates from primitive mesenchymal cells with myogenic differentiation !. It affects
~4.5 individuals per million aged <20 years, constituting about 5% of all pediatric

malignancies %3

RMS frequently arises in the head and neck region (HNR), where it can be
categorized into orbital, parameningeal (PM), and non-parameningeal (NPM) subtypes *.
Histopathologically, the WHO classifies RMS into embryonal, alveolar, spindle

cell/sclerosing, and pleomorphic types >

, with genetic alterations further categorizing
RMS into PAX3/7-FOXOL1 fusion-positive or fusion-negative types, as well as spindle

cell/sclerosing RMS with MYOD1 mutations or rearrangements involving

VGLL2/NCOA2 or TFCP2/NCOA2 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 pathophysiology and helped optimize clinical care . However, some challenges
remain despite improvements in RMS treatment and prognosis ®. A recent study in Central
America highlighted disparities in therapeutic standards between high-income countries
(HIC) and low-middle-income countries (LMIC), emphasizing the need for further

research into RMS profiles in LMIC °. Therefore, this study aimed to describe the



clinicopathological and immunohistochemical features of pediatric head and neck

rhabdomyosarcomas (HNRMS) from Brazil, Guatemala, Mexico, and South Africa.

2. MATERIALS AND METHODS

This retrospective observational study followed the 1964 Helsinki Declaration
principles to protect patient privacy and ensure data confidentiality. Ethical approvals
were 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

to formalize collaboration.

The study included pediatric patients (<19 years) with confirmed HNRMS
diagnoses from Oral and Maxillofacial Pathology (OMFP) archives in ten institutions
(seven from Brazil and one each from Guatemala, Mexico, and South Africa). Exclusion
criteria comprised cases without available material for analysis, tumors affecting the
central nervous system (CNS), or rhabdomyosarcomas diagnosed as metastatic deposits

in the HNR.

Demographic and clinical data were collected from histopathological requests or
medical charts by designated researchers at each institution. RMS classification followed
WHO 2020 criteria ° using hematoxylin and eosin-stained (HE) slides, supplemented by
immunohistochemical markers (Desmin, Myogenin, MyoD1, Ki-67). Additional
immunohistochemical reactions were conducted on 3um tissue sections as needed,

adhering to outlined protocols (see Supplement 1).

Immunostaining patterns were evaluated using a scale from 0 to 4+: (0) absent,
(1+) <10%, (2+) 10-49%, (3+) 50-90%, and (4+) >90% expression '°. Ki67 proliferation

index was categorized as low (<10%), moderate (10-29%), or high (>30%)'!. HNRMS



with high myogenin expression (3+; 4+) underwent gene fusion status prediction using
an algorithm by Rudzinski et al. ', involving AP2p (1:50, Sigma-Aldrich), NOS-1 (1:100,
Sigma-Aldrich), and HMGA2 (1:50, Sigma-Aldrich) immunohistochemical markers.
Additionally, some embryonal RMS cases with available tissue sections were evaluated
for p53 (ready to use, Agilent Technologies). Immunohistochemical reactions were
performed on 3um tissue sections using a BOND RX automated Stainer (Leica

Biosystems).

For fusion status prediction, higher NOS-1 and/or AP2f (3 to 4+) with lower
HMGAZ2 (0 to 2+) indicated 'fusion-positive' RMS (FPRMS), while lower NOS-1 and/or
AP2p compared to HMGA? favored 'fusion-negative' RMS (FNRMS). When NOS-1 and

AP2pB were discrepant, the higher score was used '°.

For immunohistochemical quantification, slides were scanned at 20x
magnification with Aperio Scan Scope CS Slide Scanner (Aperio Technologies Inc.,
Vista, CA), generating whole slide images (WSI). QuPath Bioimage analysis v0.2.0-m8
(University of Edinburgh, Scotland, UK) !> was employed for automated cell counting
and data extraction, following a protocol proposed by Pai et al. '* and adapted for this
study (Supplement 2). Mean positive expression for each marker was calculated using

Microsoft Excel.

Statistical analyses used the Kruskal-Wallis test for age and marker expression
comparisons. Significant differences led to post-hoc analyses to identify specific group
variations. Fisher's exact test was used for categorical variables (sex, location,
sublocation, and variant type), and Spearman's rank correlation coefficient was calculated
to explore relationships among the expression levels of desmin, myogenin, MyoD1, Ki67,

AP2B, NOS1, and HMGA?2. Multinomial logistic regression assessed fusion status



likelihood based on AP2B, NOS1, and HMGA?2 expression levels. All analyses were
conducted using R Statistical Software (v4.2.1), with significance set at p < 0.05 for all

tests.

3. RESULTS

Between 1998 and 2023, 49 pediatric HNRMS cases were identified. After
excluding two metastatic HNRMS, two CNS tumors, and one with unavailable tissue, 44
HNRMS were included. Brazil had the highest prevalence (40.9%), followed by South
Africa (27.3%), Guatemala (22.7%), and Mexico (9.1%). Most patients (62.8%) were <10

years old with a median age of 8.1 years and no gender predilection noted.

NPM sites were most commonly affected (45.5%) with common locations in the
oral cavity, masseter and parotid region. Interestingly, 18.2% of all HNRMS included
were oral RMSs predominantly located in the buccal mucosa (3/8) and tongue (3/8). PM
sites were also involved in 40.9% of cases being the maxillary sinus and nasal cavity often
affected. Orbital RMS were observed in 11.4% of cases, and one case referred as head

and neck location without specification.

Clinical manifestations included facial asymmetry in 38.6% (17/44) of cases,
often caused by painful (5/17; 29.4%) or asymptomatic (2/17; 11.8%) swelling (Figure
1A-C). Other symptoms included snoring, nasal obstruction, bleeding, ulceration,
necrosis, and tooth mobility. Tumor sizes was available in 16 (36.4%) HNRMS, ranged
from 1.8 to 14 cm (mean: 6 cm), with a majority (56.3%) being >5 cm. Symptom duration

varied from 2 weeks to 8 months (mean: 3.1 months) in 25% of cases.



Figure 1. 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.

Imaging studies (CT or MRI) described in some cases showed large lesions
causing invasion and destruction of adjacent structures (Figure 1D-F). One patient had a

history of previous radiotherapy for neuroblastoma before the PM RMS diagnosis.

Microscopic examination classified HNRMS predominantly as embryonal (34;
77.3%) and alveolar (8; 18.2%). Additionally, there was one case each of spindle cell
RMS and mixed RMS. Immunohistochemical analysis confirmed positivity for myogenic

markers (Desmin, Myogenin, and/or MyoD1) in all cases.

Therapeutic approaches and outcomes were available for 27.9% (12/44) of cases
from two hospitals in Brazil. Treatment typically involved combined chemotherapy and

radiotherapy (66.7% of cases), with some patients receiving chemotherapy and/or

10



radiotherapy before surgery. One patient received chemotherapy alone. Four patients
developed metastases, and one experienced local recurrence two years post-treatment. At
the last follow-up (mean: 41.2 months), 66.7% of patients were alive (8/12), while 33.3%

had passed away (4/12).

Histopathologic variants comparison and statistical analysis results

Table 1 presents demographic and clinicopathological data for HNRMS by
histopathological variant. The median age for embryonal RMS was 8.2 years (range 1-
19), with a higher prevalence in females and most tumors (45.5%) located in NPM tissues,
particularly the oral cavity (7 cases). Orbital tumors were exclusive to embryonal RMS.
Alveolar RMS had a median age of 7.6 years (range 1-13), were more common in males,
and 62.5% were located in PM tissues, including the nasal cavity, mastoid, maxillary
sinus, and infratemporal fossa. A single spindle cell RMS case involved a 2-year-old
female with an NPM location, while a mixed RMS case was a 13-year-old male with PM
RMS. Statistical analysis revealed no significant differences in age (p = 0.40), sex
distribution (p = 0.57), tumor location (p = 0.63), or sub-location (p = 0.12) among the

histopathologic variants.
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Table 1. Demographic and clinicopathologic features of 44 HNRMS in pediatric patients.

Histopathological variants

Embryonal Alveolar RMS  Spindle cell Mixed RMS*
RMS RMS

n= 34 (%) n= 8 (%) n=1 (%) n=1 (%) p-value
Demographic variables
Median age (range) 82(1-19) 7.6 (1-13) 2.0 13.0 p=0.40*
Sex p=0.57°
Male 16 (47.1) 5(62.5) 0 1 (100)
Female 18 (52.9) 3(37.5) 1 (100) 0
Clinicopathologic variables
Tumor location p=0.63"
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) - - -
Sub location p=0.12%
Masseter 4 (11.8) 1(12.5)
Face 0 1(12.5)
Pterygopalatine fossa 2(5.8) 0 -
Mastoid 1(29) 1(12.5)
Maxillary sinus 5(14.7) 1(12.5) )
Nasal cavity 1(29) 1(12.5) 1 (100)
Nasopharyngeal 2(5.8) 0
Neck 1(29) 1(12.5)
Oral cavity 8(23.5) 1 (100)
Orbit 5(14.7)
Parotid 2(5.8) - )
Head and neck 1(2.9) -
Pharyngeal 1(29)
Infratemporal fossa 1(29) 2 (25.0)
Histopathologic morphology p=2.14°
Anaplastic 5(14.7) -
Botryoid 3( 8.8) -
Classic - 6 (75.0)
Solid - 2(25.0) . )
Dense 7 (20.6) -
Hypocellular and hypercellular 19 (55.9) -
areas in mixed stroma
Mixed - - 1 (100)
Spindle cell - - 1 (100)

aK ruskall-Wallis; PFisher test

Notes: *RMS showing mixed alveolar and embryonal features
Abbreviations: RMS= rhabdomyosarcoma
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Microscopically, 55.8% (19/34) of embryonal RMS cases displayed hypercellular
and hypocellular areas with primitive stellate cells or muscle differentiation mixed with
undifferentiated round cells. Additionally, 20.6% (7/34) exhibited dense patterns of
undifferentiated round-to-oval cells, 14.7% (5/34) showed anaplastic features, and 8.8%

(3/34) had botryoid morphology. Rhabdomyoblastic differentiation was present in 61.8%

(21/34) of cases, and necrotic areas were observed in 55.8% (19/34) (Figures 2A-F).

Figure 2. 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); ¢. 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

13



cells arranging in fascicles (HE 10X); 1. some tumor cells with rhabdomyoblastic differentiation

exhibiting pleomorphic hyperchromatic nuclei (HE 20X).

In contrast, alveolar RMS cases (6/8) primarily displayed the classic alveolar
pattern with small round cells arranged around fibrovascular septa, while two cases
showed a solid variant. Notable features included tumor-giant cells and plump
rhabdomyoblasts with hyperchromatic nuclei and scant cytoplasm (Figures 2G-J). All
alveolar RMS cases exhibited varying degrees of necrosis. The spindle cell RMS was
characterized by partial encapsulation with fascicles of elongated spindle cells surrounded
by fibrous stroma (Figure 2K). Scattered rhabdomyoblasts, some pleomorphic cells
(Figure 2L), and focal necrosis were also observed. Statistically, no significant difference

in histopathologic patterns was found among the variants (p = 2.14).

Table 2 and Figure 3 detail the immunophenotype of HNRMS. Desmin showed
positive cytoplasmic staining in nearly all cases. Myogenin expression was moderate and
heterogeneous in embryonal tumors but consistently high in alveolar RMS. MyoD1
expression varied in both types. The Ki67 proliferation index was significantly higher in
alveolar RMS (62.7%) compared to embryonal RMS (47%). The spindle cell tumor was
positive for Desmin, SMA, vimentin, HHF-35, myogenin, and Myo-D1, and negative for
S100, AE1-AE3, ALK, and H-Caldesmon, with a Ki67 index of 3%. Statistical analysis
showed a significant difference in Myogenin expression between alveolar and embryonal
variants (p =0.01589), though differences in Desmin, MyoD1, and Ki67 expressions were

not statistically significant (Figure 4A).

14



Table 2 -Immunohistochemical features of 44 HNRMS in pediatric patients

Histopathologic variant Embryonal Alveolar Spindle cell Mixed p-value
=34 -9 @1 0wl e

Immunohistochemical features

Desmin

Mean of expression 52.5 59.6 71.6 64.9 p=0.80*

Negative 3 (8.8) 1 (11.1) - -

Low (1+) 1 (2.9) - - 1 (100)

Moderate (2+) 13 (38.2) 1 (11.1) - -

High (3+); (4+) 17 (50.0) 6 (75.0) 1 (100) -

Myogenin n=33 (%)

Mean of expression 37.1 72.2 493 92.0 p=0.007*

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="17 (%)

Mean of expression 47.6 31.1 0.0 914 p=0.10?

Negative 3(9.1) 1(12.5) - -

Low (1+) 3(9.1) 2 (25) - -

Moderate (2+) 13 (39.3) 3(37.5) - 1 (100)

High (3+); (4+) 14 (42.4) 1 (25) 1 (100) -

Ki67 n="7 (%)

Mean of expression 46.2 54.8 32 52.5 p=0.392

Negative 1 (29 - - -

Low <10% 3 (8.8) - 1 (100) -

Moderate 10 —29% 9 (26.5) - - 1 (100)

High > 30% 21(61.7) 7 (100) - -

AP2B

Mean of expression 2.0 18.4 - 16.9 p=0.43

NOS-1

Mean of expression 3.6 17.9 - 78.3 p=0.34

HMGA2

Mean of expression 50.5 11.0 - 98.0 p=0.08

15



(af -

Sepy

RO Ny ey Sk g sl

"&%-‘: .o‘ 1 & W T e o . _' = < ‘f‘: l..:b o‘(‘

ﬁﬁq ‘..::J‘_‘.-;.'\ -‘;- ¢ : Vead : .. -_ < ” by Ay %, l.‘ﬁ g:& ::E .‘?f :..?{}‘l,

; AT 5 P2 e g My R

WA 1 A PR X, "t 7o anla - ""._ LN R R d

‘hé ,i‘ e A -g’é i 2 =.,‘_'aw.g:o,q§-:: 9.?-.{;.
: ] OV : .\ ", 7 . L bl . .;_l'

i g 3 S R 2 RIOROREROEICY

P W '\-.'\l'?"'llr‘rl"Il i <= .:.':"‘:‘ = '.‘_‘ ‘: ’. e ;

‘f*r B

Wit il .\
“-ﬂ'x;g”? i
AR w0 Wk

Figure 3. 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 Ap2f (100X magnification) and
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); 1. low Ki67 expression (100X magnification).
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Figure 4. Statistical analysis correlations: a. Violin Plot illustrating the distribution of markers
expression across the histopathological variants; b. Spearman correlation matrix exhibiting
correlations between immunohistochemical expressions of different markers, with coefficients

shown through color intensity.

Additionally, immunohistochemical expression of p53 was assessed in 18/34
embryonal RMS cases. Tumors with dense patterns of small, round cells had a mean p53
expression of 47.1%, while those with more rhabdomyoblastic cells showed 29.5%.
Botryoid RMS had a mean expression of 15.1%, and anaplastic RMS had 85.8%. Four

cases, including one botryoid and one anaplastic subtype, were negative.

To predict gene fusion status, 10 HNRMS with high Myogenin expression were
evaluated for Ap2f, NOS-1, and HMGA?2; including five alveolar RMS, four embryonal
RMS, and one mixed RMS. Two alveolar RMS cases showed higher Ap2p/NOS-1
expression compared to HMGA2, suggesting potential FPRMS. Conversely, all
embryonal RMS cases and one alveolar RMS case had profiles compatible with FNRMS.
The mixed RMS case displayed variable expressions of Ap2f (2+), NOS-1 (3+), and
HMGAZ2 (3+), and 2/5 alveolar RMS cases were negative for these markers, leading to

inconclusive results.
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Spearman correlation analysis revealed notable correlations, as shown in Figure 4B.
AP2p exhibited a moderate positive correlation with Myogenin (r = 0.57) and NOSI (r =
0.71). A statistically significant correlation was observed specifically between AP2f and

NOSI (p < 0.05).

Multinomial logistic regression analysis revealed that higher AP2f expression
significantly increased the likelihood of a positive fusion status (Coefficient = 1.092,
Probability = 0.40) and decreased the likelihood of a negative status (Coefficient =-1.27,
Probability = 0.28). Elevated NOS-1 expression similarly correlated with a positive
fusion status (Coefficient = 1.142, Probability = 0.41) and a negative status (Coefficient
= -0.962, Probability = 0.32). The model demonstrated a strong fit with a residual
deviance of 0.0001873208 and an AIC of 28.00019, highlighting its effectiveness in

explaining variation in fusion status based on immunohistochemical expression levels.

4. DISCUSSION

RMS represents ~50% of pediatric STS, with HNR affected in ~40% of cases 2.
Due to RMS's relative rarity, single institutional experience is usually limited 74
emphasizing the need for multicenter collaborative research to comprehensively
understand this neoplasm 7. To our knowledge, our series of 44 HNRMS represents the
first international collaboration analyzing pediatric HNRMS profile in LMICs, including
Latin America (Brazil, Guatemala, Mexico) and South Africa, where healthcare resources

and access to advanced diagnostic tools are limited.

The age distribution, with a higher prevalence of HNRMS in children <10 years
old, is consistent with existing literature 3*. However, the lack of gender predilection
contrasts with some studies that have reported a slight male predominance *'>!6. While

previous reports from both LMICs and HICs indicate a predominance of PM locations
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491417 " making NPM RMS account for only 16-19% of localized tumors'®, our cohort
exhibited a predominance of NPM location. Notably, our study identified a higher
proportion of oral RMS cases (18.2%) compared to previous studies, which typically find
approximately 10%-12% of HNRMS affecting the oral cavity '©192° Hence, it is
important to highlight the need for increased awareness among clinicians and pathologists

in LMICs to avoid diagnostic delays and ensure timely treatment.

Most HNRMS in this study presented as painful swellings measuring >5 cm,
causing facial asymmetry, with a mean symptom duration of 3 months. These findings
vary across studies %1721 likely due to differences in sample size and data availability.
The predominance of tumor size >5 ¢cm may suggest an advanced stage at diagnosis.
Early-stage RMS signs, such as facial pain, sinonasal congestion, ear pain, and
asymptomatic swellings, can mimic benign conditions, leading to misdiagnosis and
delayed treatment 7. Given the prevalence of benign, inflammatory, and infectious
diseases in the pediatric population, healthcare professionals should consider RMS in

their differential diagnosis, especially when children present with these symptoms 7.

Embryonal RMS is the predominant subtype in pediatric patients, followed by
alveolar RMS !4, The first, typically shows two peaks in incidence—early childhood
and adolescence—while alveolar RMS primarily affects adolescents >°. Our findings,
consistent with LMICs and HICs studies *'*!8  confirm that embryonal RMS
predominates in HNRMS cases, with >70% of tumors being embryonal subtype.
Specifically, 41.2% of our cases occurred in children aged 1-5 years, and 32.4% in
adolescents. Conversely, the limited number of alveolar RMS cases in this series likely

explains the absence of a higher adolescent prevalence for this variant.
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Besides embryonal and alveolar RMS, the spindle cell/sclerosing RMS, which
predominantly affects young children, particularly those <1 year old, represents a small
percentage (5-10%) of cases and is commonly found in the H&N region 2223, In our
study, this subtype accounted for 2% of all HNRMS analyzed. Diagnosis can be
challenging due to its similarity to other spindle cell neoplasms, necessitating

immunohistochemistry for accurate identification 223

Microscopically, all variants described in this series exhibited classic
morphological features outlined in the latest WHO classification®. The
immunohistochemical profile of our cases closely adheres to established diagnostic
criteria, with Desmin, Myogenin, and MyoD1 serving as reliable markers for RMS 32423,
Statistical analysis highlighted significant differences in Myogenin expression,

confirming its utility in distinguishing between alveolar and embryonal RMS ©.

Incorporating molecular features into risk assessment and treatment decisions
remains a significant challenge in managing rare tumors like RMS 2°. About 70-80% of
alveolar RMS feature PAX3/7-FOXOL1 fusion genes, which distinguish between fusion-
FPRMS and FNRMS subtypes. FPRMS, marked by this fusion, tends to exhibit more
aggressive behavior 201027  Therefore, the Children’s Oncology Group (COG) and
European Pediatric Soft Tissue Sarcoma Study Group (EpSSG) have integrated FOXO1
fusion status into their protocols, enhancing risk evaluation and guiding tailored treatment

approaches 2?7

Previous research has established AP2f3 and/or NOS-1 and HMGA?2 as reliable
markers for differentiating between FPRMS and FNRMS with high specificity (>90%)
and moderate sensitivity (>60%).!%25282% In our study, we applied these markers in

immunohistochemical assays to predict the gene fusion status of 10 HNRMS cases. Our
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analysis identified two potential FPRMS cases among the alveolar tumors, based on high
AP2p and/or NOS-1 expression. In contrast, all embryonal RMS cases and one alveolar
RMS case exhibited elevated HMGA2 levels, consistent with FNRMS. Multinomial
logistic regression further confirmed that increased AP2p and NOS-1 expression was
significantly associated with a positive fusion status, while a negative status was less
likely. However, the small sample size limits the study's generalizability, and results

should be interpreted with caution.

It is well-established that most embryonal tumors are FNRMS 236, Hence,
HMGA2 emerges as a candidate marker for identifying FNRMS!%2°, given its consistent
high expression in all embryonal RMS tested in this study. Furthermore, HMGA?2 has
also has been proposed as a potential therapeutic target due to its oncogenic role in

previous studies .

Identifying gene fusions in RMS typically involves RT-PCR and FISH, which are
considered gold standards but can be limited by factors like tissue quality/quantity and
high costs, particularly in most OMFP laboratories in LMICs'%. Hence,
immunohistochemical assays using surrogate markers for identifying FPRMS and

10.28 However, our reliance on non-

FNRMS offer a practical, cost-effective alternative
molecular tests to confirm findings underscores a study limitation. Validation of these
markers across various studies, including ours, is essential before widespread adoption as
reliable predictors of fusion status '%282°, Despite limitations, using surrogate markers in
immunohistochemical assays provides a feasible option for diagnosing RMS in LMICs
lacking routine access to molecular testing. Further research into these markers is crucial

to improve diagnostic accuracy and refine treatment strategies based on molecular

subtypes of RMS.
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Regarding RMS treatment and prognosis, a combination of chemotherapy and
radiotherapy was the prevalent treatment modality for HNRMS in the current series, with
the 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

17,30

in advanced-stage tumors , potentially explaining the treatment strategy adopted for

these patients.

While our study provides valuable insights, its retrospective design and use of
archival materials limit the completeness of clinical data, particularly concerning
treatment outcomes and long-term follow-up. The small sample size also impacts the
statistical analysis and generalizability of our findings. Future research with larger,
prospective cohorts is necessary to validate these results and better understand how fusion
status affects treatment response and prognosis in pediatric HNRMS, especially in
LMICs. Enhancing diagnostic accuracy, improving access to molecular testing, and
fostering research collaborations are essential steps for addressing current limitations and

improving clinical management of pediatric HNRMS.

In summary, our study analyzes pediatric HNRMS from Brazil, Guatemala,
Mexico, and South Africa, emphasizing the prevalence of embryonal RMS and the
potential of immunohistochemistry for fusion status identification as a valuable tool in
the diagnostic armamentarium. Currently, AP2p, NOS-1 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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