1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Oral Oncol. Author manuscript; available in PMC 2017 October 01.

-, HHS Public Access
«

Published in final edited form as:
Oral Oncol. 2016 October ; 61: 89-97. doi:10.1016/j.oraloncology.2016.08.017.

A Clinicopathologic Study of Head and Neck
Rhabdomyosarcomas showing FOXOL1 fusion-positive Alveolar
and MYOD1-Mutant Sclerosing are Associated with Unfavorable
Outcome

Adepitan A. Owosho, B.Ch.D1, Shih-Chiang Huang, MD?, Sonja Chen, MBBS?, Shruti
Kashikar, DDS1, Cherry L. Estilo, DMD1, Suzanne L. Wolden, MD3, Leonard H. Wexler, MD#,
Joseph M. Huryn, DDS?, and Cristina R. Antonescu, MD2"

1Department of Surgery, Memorial Sloan Kettering Cancer Center, New York.
2Department of Pathology, Memorial Sloan Kettering Cancer Center, New York.
3Department of Radiation oncology, Memorial Sloan Kettering Cancer Center, New York.

4Department of Pediatrics, Memorial Sloan Kettering Cancer Center, New York

Abstract

Background—-Based on their distinctive histologic and genetic features, the latest WHO
classification of soft tissue tumors includes four pathologic variants of rhabdomyosarcoma (RMS):
embryonal (ERMS), alveolar (ARMS), spindle cell-sclerosing (SRMS-ScRMS) and pleomorphic
RMS. The aim of this study focused on a detailed clinicopathologic and survival analysis of head
and neck RMS (HNRMS) using the latest pathologic and molecular criteria reflecting this new
subclassification in a large cohort.

Patients and Methods—~Patients managed for HNRMS in our institution (1996 - 2015) were
analyzed. The presence of a FOXO1 fusion was required for the classification of ARMS. MYOD1
mutations in SRMS-ScRMS were tested when material available. Univariate and multivariate
analyses were performed to evaluate variables related to overall survival (OS).

Results—Ninety-nine HNRMS patients (52 males and 47 females, mean of 16 years) were
included in the study after pathologic re-review. The most common location was parameningeal
(PM) (n=64), followed by non-orbital/non-PM (n=25) and orbital (n=10). There were 53 ERMS,
33 fusion-positive ARMS and 13 SRMS-ScRMS [SRMS (8); SCRMS (5)]. The 5-year OS rate for
ERMS patients was significantly higher (82%) compared to ARMS (53%) and SRMS-ScRMS
(50%) [SRMS (75%); SCRMS (30%)]. Univariate analysis showed that survival was dependent on
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histology (P=0.012), tumor size > 5 cm (P<0.001), regional lymph node involvement (P=0.002),
metastasis at initial presentation (P<0.001), stage (P<0.001), and recurrence (P=0.002).
Multivariate analysis confirmed histologic subtype to be significant (P=0.043).

Conclusion—Our findings reinforce that HNRMS is a heterogenous disease with ARMS and
SRMS-ScRMS having an equally unfavorable outcome.
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INTRODUCTION

Head and neck soft tissue sarcomas are rare, accounting for 1% of all head and neck
neoplasms [1, 2]. Rhabdomyosarcomas are the most common soft tissue sarcomas in
children and adolescents, accounting for 5-8% of all childhood malignancies [3]. The head
and neck is the most common anatomic site for rhabdomyosarcoma [4, 5]. The incidence of
head and neck rhabdomyosarcoma (HNRMS) is currently placed at 0.104 cases per 100,000
[6]. The clinical presentation of HNRMS is divided into 3 sub-sites based on its anatomic
location and local relapse: parameningeal (PM), including the paranasal sinuses,
nasopharynx, nasal cavity, middle ear, mastoid, parapharyngeal region, pterygopalatine and
infratemporal fossa; orbital; and non-PM / non-orbital site, encompassing the neck, face,
oral cavity, cheek, external ear, scalp and larynx [7]. PM subsite is the most common
presentation and is associated with the least favorable outcome compared to other locations
[4-6, 8].

Recently, the WHO classification divided RMS into 4 clinicopathologic variants: embryonal
(ERMS), alveolar (ARMS), spindle cell-sclerosing (SRMS-ScRMS) and pleomorphic RMS
[9]. ERMS is the most common variant, being associated with the most favorable outcome
compared to other variants [6, 8]. ERMS occurs in younger patients and shows a
morphologic resemblance to fetal skeletal muscle. Although no genetic abnormality prevails,
small subsets of ERMS harbor LOH at 11p15, as well as FGFR4, P53, BCOR, ARID1A and
RAS mutations, as shown in recent large genomic studies [10-13]. ARMS is the second most
common variant, being associated with a poor prognosis [6, 8]. ARMS has a predilection for
older children and young adults, having a histologic appearance of undifferentiated small
blue round cells, arranged in a variable alveolar or solid pattern. The genetic hallmark of
ARMS is either the more common t(2;13)(g35;q14) translocation, or the t(1;13)(q36;q14),
resulting in the PAX3-FOXO1 or PAX7-FOXO1 fusion, respectively [14-16]. SRMS-
ScRMS represent a rare and recently recognized stand-alone pathologic entity, separated
from the broad umbrella of ERMS. Spindle cell RMS (SRMS) is composed of monomorphic
spindle cells arranged in intersecting fascicles, lacking overt rhabdomyoblastic
differentiation. A subset of SRMS display areas of hyaline sclerosis suggesting a
morphologic overlap with the even less common sclerosing RMS (ScCRMS) [17, 18]. SCRMS
may show in addition an undifferentiated round cell component arranged in a
pseudovascular or pseudoalveolar pattern in a prominent hyalinized stroma [19, 20]. SRMS-
ScRMS share genetic alterations, although these vary depending on the clinical presentation:
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recurrent NCOAZ2and VGLL 2related fusions in congenital/infantile setting, which are
associated with a favorable outcome [21, 22], or MYODI-mutations in older children and
adults are associated with a poor prognosis [23-26], Pleomorphic RMS is a rare variant,
usually diagnosed in patients over the age of 45 years, with a morphologic appearance of
large pleomorphic cells [9, 27].

Although most RMS have a sporadic presentation, in a small subset of patients, RMS is part
of a genetic syndrome, such as Beckwith-Wiedemann, Von Recklinghausen disease,
Costello, Noonan, Gorlin, Rubinstein-Taybi and Li-Fraumeni syndromes [28-38]. The
management of HNRMS remains challenging due to an increased failure of local control as
well as a high rate of early metastases [6, 39]. In the last three decades, RMS outcomes have
improved significantly due to evolving multidisciplinary therapy paradigms, such as
improved surgical techniques, aggressive chemotherapy regimen and more effective
conformal intensity-modulated radiotherapy [40, 41]. The 5-year overall survival rate of
childhood RMS has risen to 62% and the 5-year relative survival rate of HNRMS is
estimated at 63% [6, 42]. The prognostic factors in HNRMS have been multifactorial, such
as age, tumor site, overall stage, distant metastases, histologic variant, nodal status and status
of primary surgical site [6, 8, 43-46]. The aim of this study focused on a detailed
clinicopathologic analysis, assessing the oncologic outcome and prognostic factors of
HNRMS patients managed at our institution.

PATIENTS AND METHODS

The study was approved by the Institutional Review Board of Memorial Sloan Kettering
Cancer Center (MSKCC), New York. The electronic records of the Department of Pathology
at MSKCC were searched for RMS cases presenting in the head and neck anatomic location
from 1996 to 2015. All cases were re-reviewed and reclassified based on the 2013 WHO
classification. The following clinical data was recorded: age at diagnosis, gender, anatomic
site, overall stage, presence of distant metastasis, regional lymph node involvement,
immunohistochemical results, molecular results (presence of PAX3/7-FOXO1 fusion or
rearrangement), modality of therapy (chemotherapy, radiation therapy, and/or surgical
resection), outcome, recurrence, and survival time. The pre-treatment staging was based on
the Intergroup Rhabdomyosarcoma Study Group (IRS) staging system. Only FOXO1-fusion
positive ARMS cases were included in this study. If the molecular diagnosis was not
previously done, attempts were made when tissue available to perform FISH studies for the
presence of FOXOI gene rearrangements, as previously reported [21]. Cases with no
available molecular information or negative molecular results were excluded. The clinical
features and molecular findings (VCOAZ fusion or MYODI mutation) of SRMS-ScRMS
cases included in this study have been recently reported by Owosho et al.[26].

The staging work-up for evaluating metastatic disease included: bone marrow biopsy,
imaging studies such as CT scan, MRI, PET scan and whole body technetium bone scan.
The institution's guideline for the treatment of rhabdomyosarcoma includes multiagent
induction chemotherapy, such as vincristine, doxorubicin, and cyclophosphamide followed,
by ifosfamide and etoposide. In few patients, surgical removal of the entire tumor was
achievable and performed after chemotherapy. Typically, radiation therapy is delivered
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months after chemotherapy, in the form of intensity-modulated radiation therapy/proton
beam radiation therapy [39, 47]. Patients with intermediate and high risk RMS are offered
additional chemotherapy, such as irinotecan and carboplatin [48].

Statistical analysis

Statistical analysis was performed on an SPSS platform (version 20.0; IBM Corp., Armonk,
NY). The associations between the clinical characteristics and the histologic variants were
evaluated by ANOVA, Kruskal-Wallis test and Fisher's exact test according to the variable
type. The overall survival was measured from the date of diagnosis to the date of death.
Kaplan-Meier estimate was used to calculate the overall survival, and the statistical
significance of different variables was examined by the log-rank test. The clinicopathologic
variables with p<0.05 in the log-rank analysis were subjected to the Cox proportional hazard
regression model for determining the independent prognostic factors. Two-sided p values
were calculated and, p<0.05 was considered to be significant for all statistical analyses.

RESULTS

Clinicopathologic analysis

The study comprised 99 HNRMS patients managed at a single tertiary center (MSKCC)
spanning two decades, between 1996 and 2015. A summary of the clinical characteristics of
HNRMS patients is included in Table 1. There were 52 (52%) males and 47 (48%) females,
with ages ranging from 1 month to 72 years old, with a mean of 16 years. Almost two-thirds
(63%) of patients were of pediatric age (<18 years), with 40 (40%) being younger than age
of 10. The most common anatomic location was the parameningeal (PM) site, accounting for
64 (65%) patients, followed by the non-orbital, non-PM subsite, present in 25 (25%)
patients. The orbital subsite was the least common location noted in 10 (10%) cases.
Imaging demonstrated large lesions associated with mass-effect, erosion and destruction of
bony structures (Figures 1). Histopathologically, 3 variants were represented with ERMS >
ARMS > SRMS-ScRMS, in that order of frequency (Table 1). There were too few
pleomorphic RMS cases identified to include as a separate group for statistical analysis. By
immunohistochemistry (IHC), all cases were positive for desmin (typically diffuse and
strong) and myogenin. Myogenin was focal in ERMS and SRMS-ScRMS, but was diffuse in
ARMS. SRMS-ScRMS typically showed diffuse MyoD1 nuclear expression. However,
aberrant IHC staining for CD99, FLI1, CD56, Cytokeratin, epithelial membrane antigen
(EMA), WT1 or S100 were observed in 26 cases, typically with a focal and weak pattern.
Regional lymph nodes were involved in 40/97 (41%). Twenty-nine (29%) patients were
stage I, 10 (10%) patients stage 11, 41 (41%) patients stage 111 and 19 (19%) patients stage
IV. All except two HNRMS patients had follow-up information.

ERMS is the most common subtype, presenting in young children with a low
to intermediate stage at diagnosis—A summary of the characteristics of ERMS
patients is presented in Table 2. There were 53 (53%) patients with ERMS, showing an equal
gender distribution and an age at presentation ranging from 4 months - 38 years, with a
mean of 8.7 years. Among them, 46 (87%) of them were of pediatric age, with 37 being
younger than age of 10. Most of the ERMS were located in PM subsite (n=32, 62%),
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followed by non-orbital/ non-PM site (11) and orbital site (9). Sixteen patients were stage I,
8 patients staged Il, 23 patients staged 111 and 6 patients staged IV. Six patients presented
with metastases at diagnosis, to the bone (n = 3) and lung (n = 4). One patient presented with
multiple metastatic sites involving both lung and bone. All patients had follow-up
information.

Most ARMS occur at parameningeal sites with an advanced stage at diagnosis
—The characteristics of ARMS patients are summarized in Table 2. There were 33 (33%)
ARMS patients, with age at presentation ranging from birth - 57 years, with a mean of 23
years. Two-thirds of cases (n=22) were adult patients, with a male: female ratio of 19:14.
The overwhelming majority of cases (n=28, 85%) involved the PM site, while only a
minority occurred in the non-orbital/ non-PM site (4) and orbital site (1). Most ARMS
patients (n=27, 82%) were classified as intermediate (17 patients stage I11) to high stage (10
patients stage 1V), with only 4 patients being stage | and 2 patients stage Il. Ten patients
presented with metastases to the bone (n =10), and one each to the lung and pancreas. One
patient had metastases to bone and pancreas, and another patient had metastases to both
bone and lung. All 33 cases of ARMS included in this study were confirmed to harbor either
a PAX3/7-FOXOL1 fusion by RT-PCR or FOXO1 gene rearrangement by FISH. Follow-up
information was available in all patients.

MYOD1 mutations occur preferentially in SCRMS—The clinical characteristics of
SRMS-ScRMS patients are presented in Table 2. There were 13 (13%) patients with ages
ranging 0.67 — 72, mean of 29 years. Most of the patients were adults (n=8, 62%). The
male:female was 8:5. Ten (77%) cases involved non-orbital/ non-PM site and PM site (n=3).
Nine patients were stage |, one patient stage 111 and three patients stage IV. Three patients
had metastases: bones (n=2) and lung (n=1). Eight cases were classified as SRMS and five
cases classified as SCRMS. Six cases were positive for SMA (n=5). Three of the 9 cases
tested for MYOD1 mutation were positive, all showing SCRMS subtype morphology. The
only infant patient was an 8 month-old baby-girl with a neck mass, which was positive for
SRF-NCOAZ fusion, and remained NED at 60 months follow-up. Eleven of thirteen patients
had follow-up information.

ARMS and SRMS-ScRMS have an equally unfavorable outcome—The mean
survival duration for HNRMS in this study was 164 months (95% ClI, 143-185). The 5-year
overall survival (OS) rate for the entire cohort of HNRMS patients was 70% (Figure 2A),
while the 5-year OS rate related to histologic type was 82% for ERMS, 53% for ARMS and
50% for SRMS-ScRMS (Figure 2B). The 5-year OS rate for patients with localized HNRMS
was 77%, while the 5-year OS rate for localized ERMS was 84%, and for both localized
ARMS and SRMS-ScRMS was 64%. Based on age, the 5-year OS rate for children with
HNRMS pediatric was 71% while for adults 67%. If divided by <10 years of age, the 5-year
OS was 73% versus 67% for patients older than 10 years. In the pediatric cohort, the 5-year
OS rate divided by histology was 81% for ERMS, 36% for ARMS and 67% for SRMS-
ScRMS, while, in the adult cohort it was 86%, 66%, and 44%, respectively.

Most ERMS patients followed a favorable outcome and a low recurrence rate. About a fifth
(19%, 10/53) of ERMS patients died of disease (DOD) (P=0.05) and 8% developed

Oral Oncol. Author manuscript; available in PMC 2017 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Owosho et al.

Page 6

recurrence at a median follow-up of 104 months (P=0.001). In contrast, ARMS was
associated with an unfavorable outcome and high recurrence rate, with 39% of patients DOD
and 42% developed recurrence at a median follow-up of 32 months. Similarly, SRMS-
ScRMS was associated with a poor survival and a high recurrence rate. Almost half (46%,
5/11) of SRMS-ScRMS patients DOD and 36% of patients diagnosed with SRMS-ScRMS
developed recurrence at a median follow-up of 29 months. Among the SRMS-ScRMS
patients who succumbed to disease, all except one were of adult age and showed sclerosing
morphology. Three of the 4 SCRMS patients who succumbed of disease showed the presence
of a MYOD1 mutation. By survival analysis, the 5-year OS rate for SCRMS was 30%,
compared to 75% for SRMS.

Parameningeal (PM) subsite is associated with an unfavorable outcome and a
high recurrence rate—One third (35%) of patients with PM-site DOD, while the non-
PM / non-orbital subsite had a 20% mortality and the orbital sub-site 10%. Similarly, the PM
sub-site had a higher recurrence rate (30%), compared to 12% in non-PM / non-orbital
subsite and 0% in orbital location.

By multivariate analysis histologic type is the only statistically significant
factor—On univariate analysis, the following factors were found to be statistically
significant variables for survival: histologic subtype, tumor size, regional lymph node
involvement, metastasis at initial presentation, stage and recurrence. Other variables such as
gender, age group and subsites were not found to be statistically significant (Table 3). On
multivariate analysis, only histology was found to be statistically significant (Table 3).
Patients diagnosed with SRMS-ScRMS were associated with the lowest mean survival time
followed by ARMS and ERMS (P=0.012). Patients with large tumors (> 5 cm) had a lower
mean survival time compared to patients with smaller tumor sizes (P<0.001) (Figure 2C).
Patients with regional lymph node involvement had a lower mean survival time compared to
patients without lymph node metastasis (P=0.002) (Figure 2D). Patients with stage 4 and
presenting with metastases had a lower mean survival time (P<0.001) (Figure 3A). Also,
patients with distant recurrence had a lower mean survival time (P=0.002) (Figure 3B).
Patients with tumors in the PM subsite had a lower mean survival time but not statistically
significant (P=0.119). Adult patients had a lower mean survival time compared to pediatric
patients, but was not statistically significant (P=0.302) (online supplemental Fig 1). On
multivariate analysis, only histology was found to be statistically significant (P=0.043).

DISCUSSION

Although head and neck RMS (HNRMS) is rare with an incidence of 0.104 cases per
100,000, it is the most common clinical presentation of RMS [6]. In contrast with other
anatomic locations, HNRMS encompass certain particularities such as an increased rate of
spindle/sclerosing (SRMS/ScRMS) histology, high stage and recurrence rates, with often
limited benefit from surgical management due to its proximity to vital structures. Prior
studies of HNRMS have focused mainly on specific subsites and a recent study used the
National Cancer Institute's (NCI) SEER database of multiple geographic regions and
different therapy regimen [6, 45, 46]. In this study, we performed a detailed
clinicopathologic and survival analysis of HNRMS managed at a single tertiary center
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during a 20-year period (1996-2015). All cases included were subjected to strict pathologic
and molecular criteria using the last 2013 WHO classification [9]. As the SRMS-ScRMS
histologic type was only recently introduced as a fourth clinicopathologic variant of RMS in
the latest WHO, most prior clinical studies do not take into account this new variant
characterized by different biology and clinical outcome, which is included under the large
umbrella of ERMS. Furthermore, according to recent Children's Oncology Group (COG)
studies, a subset of SCRMS displays histologically a dense proliferation of round cells in a
dense collagenized background, which have been previously misclassified as fusion-negative
ARMS [49]. As a result of all these recent changes in RMS classification as well as to the
new developments in the molecular characterization of the SRMS/ScRMS subset, we
undertook a thorough re-evaluation of the HNRMS cohort managed at our Institution in
order to establish prognostic factors and oncologic outcome.

Based on the NCI SEER database, the 5-year survival rate for patients with childhood RMS
is reported as 62%. Similarly, the 5-year relative survival rate for patients with HNRMS was
63%, with a better outcome being noted in patients younger than age of 10, 80%, compared
to older than 10, 46% [6, 42]. This is in keeping with the 70% 5-year OS rate of the entire
cohort of HNRMS from our study. Studies on localized parameningeal RMS in children
have reported a 5-year OS rate as 70-73% [45, 46]. In contrast, the estimated 5-year OS in
adults with HNRMS was only 36% [8]. Although the mean survival time for adults in our
study was poorer (67%) compared to pediatric patients (71%), there was no statistical
difference noted with age.

As recent studies from COG found that the fusion negative ARMS have overlapping gene
expression prolife with ERMS and most likely behave like ERMS [50, 51], we included only
FOXO1 fusion positive cases in our ARMS subgroup. Cases deemed as having alveolar
morphology that were either not tested or negative for FOXO1 gene rearrangements/fusion
were excluded from the study. The presence of PAX3/7-FOXO1 gene fusion is a crucial
prognostic indicator in RMS associated with poor prognosis [14, 52]. Head and neck ARMS
usually occurs in older children or young adults, involves the PM subsite, and is associated
with local and distant failures. The 5-year survival rate for childhood ARMS from the NCI
SEER database is estimated as 48%, while the 5-year relative survival rate for head and neck
ARMS was 44% [6, 42]. In our study, ARMS was also associated with poor outcome, with a
53% 5-year OS and 64% 5-year OS for localized cases with no significant difference
between age groups.

ERMS is associated with the most favorable clinical outcome compared to other variants.
According to the NCI SEER database, the 5-year survival rate for patients with childhood
ERMS is estimated to 73%. In the head and neck location the reported 5-year relative
survival rate is 72% [6, 42], while in our study the 5-year OS was 82%. In contrast to earlier
literature of ERMS in children having a better outcome compared to ERMS in adults, our
results showed a lower 5-year OS of 81% in children with ERMS compared to 86% in adults
ERMS, although this could be related to the small number of adult patients (13%) in our
ERMS cohort [53]. Some of the adverse factors associated with a poor outcome in ERMS
includes the presence of nuclear anaplasia[54] and p53 mutations [11].
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Recent studies focusing on SRMS-ScRMS have reported a variable prognosis based on their
age at diagnosis and genetic abnormalities. Most SRMS occurring in infants are
characterized by recurrent NCOAZand VGLL Zrelated fusions and are associated
overwhelmingly with a favorable outcome and long-term survival [22]. In contrast, SRMS-
ScRMS harboring MYOD1 mutations follow an aggressive clinical behavior and poor
prognosis, irrespective of the patient's age [23, 25, 26]. In contrast to a recent COG study
reporting a 5-year OS of 86% in a cohort of 22 patients with SCRMS, 41% arising in the
head and neck, our results showed a significantly lower 5-year OS of 30% in this histologic
subtype [49]. The explanation for this clinical outcome discrepancy might be related to the
mixed pediatric and adult patient population in our SCRMS cohort, as well as the fact that
their study did not investigate for A/ YODI mutations, to identify the high-risk MYOD1-
mutant tumors. In the present study, the poor outcome in head and neck SRMS-ScRMS was
associated with adult age, sclerosing morphology and the presence of M YOD1 mutations
[26]. All cases of sclerosing morphology in this study were tested for PAX3/7-FOX0O1
fusion or rearrangement to evaluate for ARMS and were all found to be negative. The only
survivor with SCRMS in this study was found to be negative for MYOD1 mutation.
Molecular evaluation of AMYOD1 mutations in patients with SRMS-ScRMS for risk
stratification has been suggested [26, 49].

In accordance with prior data from the NCI SEER, IRS-I1l and IRS-1V data, we found that
orbital RMS had a better survival compared to other head and neck locations [6], while the
parameningeal (PM) subsite was associated with the poorest outcome. As previously
reported, our results also showed that the presence of recurrence was associated with ARMS
histology [6]. Other variables identified in this study in keeping with prior reports included
large tumor size (> 5 cm), the presence of regional lymph node involvement and/or
metastasis at diagnosis, advanced stage and recurrence [6, 8, 43-46].

In summary, HNRMS is an uncommon disease composed of a heterogenous group with
variable prognosis depending on the histologic subtype, and genetic abnormalities. Our
results showed that patients with ARMS and SRMS-ScRMS have an equally unfavorable
outcome. In particular patients with SCRMS and MYODI mutations followed a highly
aggressive clinical course. These findings suggest that molecular evaluation should be
performed on RMS for risk stratification, including testing for FOXO1 gene fusion in
ARMS, MYODI mutations in SRMS-ScRMS, particularly in older children and adults, and
NCOAZand VGLLZrelated fusions in congenital/infantile SRMS. Genetic testing not only
provides valuable prognostic information but also can select patients who can benefit for
treatment intensification.
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HIGHLIGHTS
ARMS and SRMS-ScRMS have an equally unfavorable outcome

MYOD1 mutations occur preferentially in SCRMS with an unfavorable
outcome

By multivariate analysis histologic type is the only significant
prognostic factor

FOXO1 gene fusion and MYODI mutations should be performed for
risk stratification
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Figure 1. MRI findings of HNRMS based on anatomic location and histology
Images illustrate large soft tissue mass associated with mass effect, erosion or destruction of

bony structures. (A) Infratemporal fossa region SCRMS (parameningeal site) occuring in a
15-year-old female; deceased at 26 months; (B) Buccal mucosa SCRMS negative for
MYOD1 mutation (non-parameningeal/ non-orbital site) in a 17-year-old female; alive at 31
months; (C) Orbital ERMS arising in a 7-year-old female; alive at 95 months; (D) ERMS
occuring in the soft palate of a 20-year-old male; alive at 132 months. (E) Paranasal ARMS
airsing in a 21-year-old male; alive at 103 months; (F) SCRMS of the infratemporal fossa
with MYOD1 mutation, in a 15-year-old female; deceased at 26 months.
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Figure 2. Survival of HNRMS patients based on histology, tumor size and regional lymph node

involvment

(A) Overall survival of the entire patient cohort (5-yr OS: 70%). (B) Patient with ERMS
have a favorable outcome compared to other histologies; ARMS and SRMS-ScRMS having

an equally unfavorable outcome (P=0.012, log-rank test; *P=0.043, cox regression).

HNRMS patients with tumor sizes >5 cm (C, P<0.001) and with positive regional lymph
node follow an unfavorable clinical course (D, P=0.002).
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included stage 1V patients presenting with metastases at diagnosis (A, P<0.001) and patients

who developed local or distant recurrence (B, P=0.002).
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Clinical characteristics of head and neck rhabdomyosarcoma patients

Table 1

Oral Oncol. Author manuscript; available in PMC 2017 October 01.

Clinical Characteristics | (%) | Total number
Gender 99 (100%)
Male 52 52.5
Female 47 475
Age (years) 99 (100%)
Mean 16
Median 12
Max 72
Min. 0.08
Age group 99 (100%)
Adult 37 37.4
Pediatric 62 62.6
Tumor site 99 (100%)
PM 64 64.6
S 25 25.3
o 10 10.1
Histopathology 99 (100%)
ERMS 33 333
ARMS 53 53.5
SRMS-ScRMS | 13 13.1
Tumor size 68 (69%)
Mean 4.3
Median 4.0
Max 12
Min. 0.8
Regional lymph node 97 (98%)
Positive 40 40.8
Negative 57 58.2
Initial metastasis 99 (100%)
Positive 19 19.2
Negative 80 80.8
Stage 99 (100%)
1 29 29.3
2 10 10.1
3 41 41.4
4 19 19.2

Page 17



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Owosho et al.

Clinical Characteristics | (%) | Total number
Recurrence 97 (98%)
Local 9 9.3
Distant 8 8.2
Local & distant | 5 52
None 75 77.3
Vital status 97 (98%)
Alive 69 711
Deceased 28 28.9
Follow-up duration (months) 97 (98%)
Mean 83.6
Median 65
Max 232
Min. 4
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Table 2

Statistical Correlation of Clinical Variables to Histologic Subtypes in HNRMS

Histologic subtype
ARMS (n=33) ERMS (n=53) SRMS-ScRMS (n=

P . *
Clinical variables P value (Fisher's exact)

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

13)
Gender 0.541
Male 19 58% 25 47% 8 61%
Female 14 42% 28 53% 5 39%
Age (years) Mean 23 8.7 29 <0.001 (ANOVA)
Median 23 6 28 <0.001 Kruskal-Wallis
Max. 57 38 72
Min. 0.08 0.3 0.7
Age group <0.001
Adult 22 67% 7 13% 8 61%
Pediatric 11 33% 46 87% 5 39%
Tumor site <0.001
PM 28 85% 33 62% 3 23%
4 12% 11 21% 10 T7%
O 1 3% 9 17% 0 0%
Tumor size Mean 4 4 5 0.344 (ANOVA)
Median 4 4 5 0.517 Kruskal-Wallis
Max. 9 12 10
Min. 1 13 0.8
Regional lymph node <0.001
Positive 24 2% 14 27% 2 17%
Negative 9 28% 38 73% 10 83%
Initial metastasis 0.078
Positive 10 30% 6 11% 3 23%
Negative 23 70% 47 89% 10 7%
Stage 0.001
1 4 12% 16 30% 9 69%
2 2 6% 8 15% 0 0%
3 17 52% 23 44% 1 8%
4 10 30% 6 11% 3 23%
Recurrence 0.001
LR 6 18% 3 6% 2 18%
DR, (LR&DR) 8 24% 1 2% 2 18%
NR 19 58% 49 92% 7 64%

Oral Oncol. Author manuscript; available in PMC 2017 October 01.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Owosho et al. Page 20

Histologic subtype

.. - *
Clinical variables ARMS (n1=33) ERMS(n=53) SRMS-ScRMS(n= P value (Fisher's exact)
13)

Vital status 0.05
Alive 20 61% 43 81% 6 54%
Deceased 13 39% 10 19% 5 46%

Follow-up duration (months)  Mean 63 106 35 <0.001 (ANOVA)
Median 32 104 29 <0.001 Kruskal-Wallis
Max. 232 232 94
Min. 4 7 4

PM - Parameningeal, S — Non parameningeal non orbital, O — Orbital, LR — Local recurrence, DR — Distant recurrence, NR — No recurrence

*
P values calculated with Fisher's exact if not otherwise specified
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