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Abstract
Background Embryonal rhabdomyosarcoma (ERMS) is a highly aggressive form of soft-tissue sarcoma that 
predominantly affects children. Due to limited benefits and resistance to therapy, there is an unmet need to explore 
alternative therapeutic strategies.

Case presentation In this report, we present a rare case of pediatric ERMS located on the right side of the 
maxillary gingiva. A composite reference guide integrating clinical, radiographic, and histopathologic findings was 
used for a definitive diagnosis. Targeted next-generation sequencing of tumor biopsy was performed to identify 
genetic alterations. A 12-year-old female was admitted to the Pediatric Intensive Care Unit (PICU) and underwent a 
tracheotomy to relieve asphyxiation caused by a 5.5 cm diameter mass compressing the tongue root and pharyngeal 
cavity. Hematoxylin and eosin staining revealed a hybrid morphology characterized by clusters of round and spindle 
cells. Further immunohistochemistry assays indicated positive immunoreactivity for desmin, myogenin, and MyoD1. 
Various genetic alterations were identified, including mutations in GNAS, HRAS, LRP1B, amplification of MDM2 and 
IGF1R, and two novel IGF1R fusions. Negative PAX-FOXO1 fusion status supported the clinical diagnosis of ERMS. Initial 
treatment involved standard chemotherapy; however, the tumor persisted in its growth, reaching a maximum volume 
of 12 cm × 6 cm × 4 cm by the completion of treatment. Subsequent oral administration of anlotinib yielded a 
significant antitumor response, characterized by substantial tumor necrosis and size reduction. Following the ligation 
of the tumor pedicle and its removal, the patient developed a stabilized condition and was successfully discharged 
from PICU.

Conclusions Our study highlights the importance of accurate diagnosis established on multifaceted assessment 
for the effective treatment of ERMS. We present compelling evidence supporting the clinical use of anlotinib as a 
promising treatment strategy for pediatric ERMS patients, especially for those resistant to conventional chemotherapy.
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Background
Rhabdomyosarcoma (RMS) is a highly malignant soft-
tissue sarcoma (STS) of mesenchymal origin [1]. RMS 
is most prevalent in children under 10 years, appearing 
as an aggressive soft-tissue mass in the head and neck, 
genitourinary system, and extremities. Oral lesions are 
uncommon, accounting for only 10-12% of head and neck 
RMS cases, with a predilection for the palate, tongue, 
lips, and buccal mucosa [2]. The World Health Organiza-
tion classification of soft tissue tumors categorizes RMS 
into four major histological subtypes, including embryo-
nal, alveolar, pleomorphic, and spindle cell/sclerosing 
rhabdomyosarcoma [3]. Embryonal rhabdomyosarcoma 
(ERMS) is the predominant subtype accounting for 
approximately 60% of all cases, followed by alveolar rhab-
domyosarcoma (ARMS) in about 30% [4].

Histopathology stands as the gold standard for diag-
nosing and grading soft tissue tumors, albeit consistent 
correlations between radiological and pathological find-
ings and molecular testing are crucial for both diagnos-
tic accuracy and prognostic relevance. Morphologically, 
most primitive rhadomyoblasts are stellate cells charac-
terized by a sparsity of amphophilic cytoplasm. As these 
cells undergo differentiation, they manifest a transition 
towards a more eosinophilic cytoplasm and adopt an 
elongated morphology, leading to the formation of myo-
tubes and cross-striations [5]. While tumor cells from dif-
ferent RMS subtypes commonly exhibit diffuse positivity 
for desmin, a protein indicative of muscle differentiation, 
transcription factors associated with rhabdomyogenic 
differentiation, such as myogenin and myogenic differ-
entiation 1 (MyoD1), demonstrate heterogeneous stain-
ing patterns [6]. Moreover, the molecular characteristics 
of RMS subtypes significantly vary, which is essential for 
confirming the diagnosis. The majority of ARMS harbor 
FOXO1 fusions, whereas ERMS displays a heterogeneous 
genomic profile and is distinguished by the absence of 
PAX-FOXO1 fusions.

The mainstay treatment approach for RMS includes a 
combination of surgery and radiotherapy. In cases where 
surgery is no longer an option, a multimodal chemo-
therapy regimen using vincristine, actinomycin D, and 
cyclophosphamide is commonly employed to extend the 
patient’s survival. However, given its toxicity and lim-
ited overall survival benefits, there is an urgent need to 
develop therapies that offer improved survival outcomes 
while maintaining acceptable safety profiles. Tumor 
angiogenesis is one of the important processes in tumori-
genesis and metastasis. To date, several anti-angiogenic 
agents, encompassing bevacizumab, pazopanib, enva-
tinib, sunitinib, and apatinib, have been approved for 
the treatment of various cancers. Anlotinib, a novel oral 
multi-targeted receptor tyrosine kinase inhibitor (TKI), 
has demonstrated encouraging antitumor efficacy and 

acceptable toxicity in treating various human cancers by 
blocking the vascular endothelial growth factor recep-
tor (VEGFR), fibroblast growth factor receptor (FGFR), 
and platelet-derived growth factor receptor (PDGFR) 
pathways. Notably, anlotinib was approved by the China 
Food and Drug Administration (CFDA) as a second-line 
treatment therapy for advanced STS [12]. While anlotinib 
has been reported for use in adult patients with relapsed 
refractory RMS, there is little research on pediatric sar-
comas. Further investigation is warranted to evaluate the 
efficacy and safety of anlotinib in pediatric cancers.

Here, we present a rare case of a 12-year-old female 
diagnosed with ERMS, whose tumor located in the max-
illary gingiva aggressively progressed followed by stan-
dard chemotherapy. Oral administration of anlotinib 
demonstrated significant antitumor activity, leading to a 
stabilization of the patient’s condition.

Case presentation
In August 2023, a 12-year-old female was admitted to the 
Pediatric Intensive Care Unit (PICU) with an approxi-
mately 5  cm diameter mass and painful swelling in the 
maxillary gingiva (Fig.  1A). To address asphyxiation 
caused by compression of the tongue root and pharyn-
geal cavity, a tracheotomy was performed under local 
anesthesia. The lesion, initially observed about a month 
ago, is characterized by unexplained swelling on the right 
side of the gingiva accompanied by surface ulceration and 
discomfort. The patient had received four days of anti-
infective therapy at a local community hospital before 
hospitalization; however, the swelling worsened rapidly.

Physical examination of the patient revealed normal 
vital signs, with a temperature of 36.6  °C. No craniofa-
cial deformities, orbital depression, or eyelid edema were 
observed. Intraoral examination disclosed an approxi-
mately 5  cm diameter mass, accompanied by tongue 
compression, restricted mouth opening, and purulent 
secretions attached to its surface (Fig. 1A). There were no 
signs of bleeding or exudate around the tracheotomy site, 
and the tracheal cannula remained in place. Laboratory 
examinations, including blood glucose levels, complete 
blood count, blood chemistry, urinalysis, urine biochem-
istry, and thyroid function tests, yielded normal results.

Maxillofacial magnetic resonance imaging (MRI) scans 
revealed a 5.5 cm × 4.7 cm × 5 cm mass in the parapha-
ryngeal space, with extension to the oral cavity (Fig. 1B-
G). Bilateral inflammation of the maxillary sinuses and 
multiple enlarged lymph nodes in the neck and subman-
dibular regions were also observed. Diffusion-weighted 
imaging (DWI) indicated restricted diffusion within the 
mass, with associated bone destruction and compression 
of the tongue’s root (Fig.  1H, I). No abnormalities were 
detected in the chest, abdomen, pelvis, musculoskeletal 
system, or spinal cord. Comprehensive assessments of 
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thyroid, liver, and kidney function, cardiac enzymes, elec-
trolytes, and coagulation profiles exhibited no significant 
abnormalities. Additionally, color ultrasounds of hepato-
biliary, pancreatic, splenic, urinary, and cardiac systems 
displayed no structural irregularities. Cerebrospinal fluid 
analyses, including routine examination, biochemistry, 
smear, and culture, yielded normal results. Furthermore, 
bone marrow aspiration indicated active hyperplasia 
across three lineages, notably increased proportion in the 
red cell lineage. The findings from both the bone marrow 
aspiration and lumbar puncture did not support intracra-
nial or bone metastasis.

The hematoxylin and eosin (H&E) staining of the gin-
gival mass biopsy revealed features suggestive of small 
round blue cell tumor-like hyperplasia within the lamina 
propria of the tumor mucosa. The cells displayed empty 
cytoplasm, notable nuclear atypia, a high nuclear-cyto-
plasmic ratio, and frequent mitoses (Fig. 1J). Additionally, 
abundant interstitial blood vessels, endotheliocytosis, 
and areas of necrosis were observed. Further immuno-
histochemistry (IHC) analysis demonstrated diffusely 
positive staining for desmin and MyoD1, and scatter 
positivity for myogenin (Fig. 1K-N). Ki67 was also posi-
tive with a proliferation index of 20%. Therefore, based 
on a composite reference combining clinical, radiological, 
and histopathological findings, the patient was diagnosed 
with pediatric ERMS occurring in the maxillary gingiva.

Molecular assessment of the tumor biopsy was con-
ducted using targeted next-generation sequencing 
(NGS) against 437 cancer-related genes using the Gen-
eseeqPrime™ panel (Supplementary Information). This 
unveiled various genetic alterations, including missense 
mutations in GNAS and HRAS, a frameshift mutation 
in LRP1B, amplification of MDM2 and IGF1R, and two 
translocations in the IGF1R gene (Table 1). On the other 
hand, the absence of PAX ~ FOXO1 gene fusions fur-
ther confirmed the definitive diagnosis of ERMS in this 
patient. Additionally, the tumor mutation burden was 
determined to be 3.1 mutations/Mb, with a microsatellite 
stable status. IHC analysis indicated positive expression 
of programmed death ligand 1 (PD-L1), with a combined 
positive score (CPS) of 3.

As chemotherapy remains the mainstay treatment for 
ERMS, the patient underwent a two-week consecutive 
chemotherapy regimen, including the administration 
of vincristine (1.5mg/m2 on days 1 and 8), actinomycin 
D (0.045/m2 on day 1), and cyclophosphamide (1.2 g/m2 
on day 1) (Fig. 2A). Upon treatment initiation, the patient 
developed a fever of up to 39.0 °C, accompanied by cough 
and sputum rattling, thrombocytopenia, and elevated 
C-reactive protein levels. Sputum culture confirmed 
the presence of lung infection, prompting sequential 
anti-infective therapy with ceftriaxone, cefoperazone-
sulbactam, and oxacillin. Despite the effective control of 

Fig. 1 Comprehensive diagnostic approach facilitates the definitive diagnosis of ERMS. (A) Clinical presentation of the soft-tissue mass within the oral 
cavity. (B-D) Axial magnetic resonance imaging (MRI) of T1 (B), T2 (C), and contrast-enhanced (D) scans revealed a 5.5 cm × 4.7 cm × 5 cm mass (asterisk) 
in the right maxilla upon admission. (E-G) Coronal MRI presents T1 (E), T2 (F), and contrast-enhanced (G) scans of the mass (asterisk). (H-I) Diffusion-
weighted imaging revealed a tumor mass (asterisk) located in the right maxillofacial region, accompanied by adjacent bone destruction and compression 
of the tongue root. (J) A hyperplastic lesion characterized by small blue round cell tumor proliferation was identified within the mucosa propria through 
hematoxylin and eosin staining (400x). The cellular envelope exhibited vacuolation and intense brightness, while nuclear atypia, elevated nucleo-plasma 
ratio, and evident nuclear division were observed. Interstitial blood vessels displayed marked abundance, concomitant with conspicuous endothelial cell 
proliferation and focal areas of infarction. (K-N) Immunohistochemistry staining (200x) shows positive staining of desmin (K), MyoD1 (L), myogenin (M), 
and Ki67 (N) in the tumor biopsy
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the patient’s temperature and infection parameters, the 
tumor continued to grow, reaching a maximum volume 
of 12 cm × 6 cm × 4 cm by the completion of chemother-
apy (Fig. 2B-D).

To control rapid tumor growth, anlotinib was admin-
istered to the patient in a 2-week on/1-week off scheme 
for two cycles. Specifically, the patient received oral anlo-
tinib at a starting dose of 10  mg once daily (qd) during 
the first week of treatment, while the dose was escalated 
to 12  mg qd during the second week. No abnormalities 
in blood routine examination, blood biochemistry, and 
thyroid function were observed throughout the treat-
ment period. Remarkably, the tumor size underwent a 
significant reduction during treatment, with necrosis and 
tissue detachment becoming evident after the first cycle 
of anlotinib therapy (Fig. 2E-H). The reduction in tumor 
size was further confirmed by an enhanced computed 
tomography scan after the initial treatment cycle (Fig. 2I). 
Subsequently, the tumor pedicle was ligated with sutures 
the following day, and the tumor was successfully excised 
without massive bleeding (Fig.  2J-L). Throughout this 
process, the patient did not develop a fever or experience 
breathing or feeding difficulties.

Residual tumor tissues were still visible in the upper 
gum upon intraoral examination, prompting the patient 
to undergo a second cycle of anlotinib treatment at a 
dose of 12 mg qd. Throughout the treatment regimen, no 
instances of hypertension or gastrointestinal reactions 
were reported. Routine monitoring of blood, liver, and 
kidney function revealed no abnormalities, except for an 
elevation in thyroid stimulating hormone levels, a known 
treatment-related adverse effect [7]. Despite an unevenly 
enhanced intraoral mass shadow observed in the CT 
scan, the lateral extended mass was not visible (Fig. 2M). 
With a stabilized condition, the patient was successfully 
discharged from the hospital on September 28, 2023.

Discussion and conclusions
In this report, we present a rare case of pediatric ERMS, 
in which the primary tumor manifested in the maxillary 
gingiva and exhibited rapid progression after chemother-
apy. Oral administration of anlotinib, a multi-targeted 
TKI, showcased notable antitumor efficacy, leading to the 
patient’s discharge upon stabilization.

ERMS is the predominant histological subtype of rhab-
domyosarcoma, primarily presenting as an aggressive 
soft-tissue mass in the head and neck, genitourinary sys-
tem, and extremities of children. Neoplasms in the oral 
cavity are rarely reported, potentially leading to missed 
or late disease recognition. Considering the aggressive 
nature of the tumor, it is pivotal to obtain a definitive 
diagnosis as early as possible for an optimal treatment 
outcome and prolonged patient survival. Currently, his-
topathology remains the gold standard for diagnosing 
soft-tissue tumors. Nevertheless, a combination of clini-
cal, radiographic, and histopathologic findings is crucial 
for an accurate diagnosis and distinguishing between 
ERMS and other histological subtypes. In this case, we 
established a composite reference guide, integrating clin-
ical presentations, radiological images, morphological 
features, and IHC findings. Additionally, with the recent 
advances and better understanding of molecular genetics, 
notably the lack of FOXO1 fusion as the major character-
istic of ERMS, we confirmed the presence of ERMS in 
this patient, notwithstanding its less frequently reported 
oral location. Owing to the prompt diagnosis, the patient 
demonstrated a significant response to anlotinib treat-
ment, leading to successful tumor reduction and removal 
while maintaining a stabilized condition of the patient.

Leveraging targeted NGS, we identified numerous 
somatic genomic variants from the tumor biopsy of the 
patient, which provided insights into the development of 
precision-based targeted therapy for ERMS. Prior stud-
ies have uncovered several implied molecular features 
of ERMS, such as p53 loss [8], RAS pathway activation 
[9], and MYOD1 mutation [10]. Consistently, the patient 
was found to harbor a somatic HRAS p.G12D mutation, 

Table 1 Genetic alterations identified by targeted next-
generation sequencing
Gene Vari-

ant 
type

Mutation AA change Copy 
number

Allele 
fre-
quency

GNAS Mis-
sense 
muta-
tion

c.601 C > T p.R201C 30.4%

HRAS Mis-
sense 
muta-
tion

c.35G > A p.G12D 31.9%

LRP1B Frame-
shift 
muta-
tion

c.4351del p.S1451Qfs*9 23.9%

IGF1R Am-
plifica-
tion

~ ~ 103.7

MDM2 Am-
plifica-
tion

~ ~ 33.6 -

IGF1R Trans-
loca-
tion

LRRC28 ~ IGF1R 
(exon 6: exon 
19)

LRRC28 ~ IGF1R 0.1%

IGF1R Trans-
loca-
tion

IGR ~ IGF1R 
(upstream 
SYNM: exon 
21)

IGR ~ IGF1R 1.0%

Abbreviations: AA, amino acid; GNAS, G protein subunit alpha S; HRAS, HRas 
proto-oncogene, GTPase; LRP1B, LDL receptor related protein 1B; IGF1R, insulin 
like growth factor 1 receptor; IGR, intergenic region
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which has been known as an oncogenic mutation exhib-
iting sensitivity to tipifarnib in bladder urothelial carci-
noma and head and neck squamous cell carcinoma [11, 
12]. Additionally, we also identified MDM2 amplifica-
tion from the tumor biopsy, which has been observed in 
approximately 0–10% of RMS cases [13]. Indeed, MDM2 
is a key regulator of the tumor suppressor p53, and its 
overexpression is associated with resistance to chemo-
therapy in human malignancies. We reasoned that the 
presence of MDM2 amplification might serve as a plausi-
ble explanation for the unexpectedly rapid progression of 
the primary tumor following the multimodal chemother-
apy regimen. Furthermore, while the tumor was negative 

for FOXO1 fusions, we identified two novel fusion events 
and a gene amplification involving the IGF1R gene. 
IGF1R amplification has been reported in both ERMS 
and ARMS [14]. IGF1R has been known for its role in 
tumorigenesis and growth by serving as important acti-
vators of the AKT and mitogen-activated protein kinase 
(MAPK) signaling networks in neoplastic tissues [15]. 
Several clinical trials are ongoing to investigate the thera-
peutic potential of IGF1R monotherapy or combination 
therapy with other small-molecule inhibitors or chemo-
therapy in refractory sarcoma patients [16–19].

Anolitinib is an orally available, highly potent, mul-
titargeted TKI that blocks VEGF, FGFR, and PDGFR 

Fig. 2 Anlotinib treatment resulted in a reduction in tumor size. (A) The patient’s treatment plan involved oral administration of anlotinib in a two-week 
on/one-week off regimen following chemotherapy to control the rapidly progressing tumor. Anlotinib was initially given at 10 mg once daily (qd) for the 
first week, increasing to 12 mg qd for the second week of the first cycle. Subsequent cycles maintained the dose at 12 mg qd. (B) Contrast-enhanced com-
puted tomography (CT) scan revealed a 10 cm × 6.2 cm irregular mass (asterisk) occupying the right side of the oral cavity, presenting malignant features 
with abundant blood supply. Complete obstruction of the oral-pharyngeal passage, nasal-pharyngeal stenosis, and metastasis to surrounding lymph 
nodes. (C-H) Tumor appearance and size measurements at the beginning (C, D), at the first week of treatment (E, F), and after the first anlotinib treatment 
cycle (G, H). (I) CT scan showed a significantly reduced 7.6 cm x 2.0 cm intraoral mass (asterisk) after anlotinib treatment, with blood supply mainly from 
the right arterial/lingual artery. (J-L) Clinical presentation of the patient and tumor mass following tumor pedicle ligation at the end of the first cycle of 
anlotinib treatment. (M) CT scan showed an unevenly enhanced mass shadow on the right side of the oral cavity (asterisk), indicating abundant blood 
supply and numerous small blood vessels, with the lateral extended mass being invisible after tumor removal
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pathways. The ALTER0203 trial demonstrated promising 
efficacy and acceptable toxicity of anlotinib in advanced 
soft-tissue sarcoma patients who had failed standard che-
motherapy, leading to CFDA approval for its use in the 
treatment of advanced STS [20, 21]. However, there have 
been limited reports on the use of anlotinib in treating 
refractory or recurrent pediatric solid tumors. Lu et al. 
retrospectively analyzed 41 patients with heavily pre-
treated pediatric solid tumors, of whom 12 were diag-
nosed with RMS [22]. For these patients, anlotinib with 
or without combined chemotherapy showcased a disease 
control rate of 65.9% (27/41), median progression-free 
survival of 2.87 months (95% confidence interval: 0.86–
4.88), as well as tolerable adverse events. Additionally, a 
phase 1 study is currently ongoing to investigate the tox-
icity and pharmacokinetic profile of anlotinib in pediatric 
patients with recurrent or refractory sarcomas, focus-
ing on RMS as the major subtype of cancer [23]. To the 
best of our knowledge, we are the first to report such a 
remarkable short-term clinical outcome of a pediatric 
ERMS patient whose tumor experienced significant size 
reduction after anlotinib treatment. It is also worth not-
ing that the patient tested positive for PD-L1 expression 
with a CPS score of 3. A phase 2 study showcased prom-
ising treatment efficacy and manageable toxicity when 
anlotinib was combined with TQB2450, a novel PD-L1 
antibody, in advanced/metastatic soft-tissue sarcoma 
[24]. In another case study, a male patient who failed 
multiple lines of treatment achieved a partial response 
following toripalimab and anlotinib combined therapy 
[25]. Collectively, these encouraging results suggest a 
potential treatment strategy involving the combination of 
anti-PD-(L)1 therapies and anlotinib for our patient if she 
experiences tumor relapse in the future.

In conclusion, we present an interesting case of a 
pediatric ERMS located in the oral cavity, exhibiting 
resistance to standard chemotherapy but remaining sen-
sitive to anlotinib monotherapy. The case highlighted the 
importance of accurate diagnosis established on multi-
faceted assessment for effective treatment. Furthermore, 
comprehensive genomic profiling revealed potential 
actional targets for ERMS patients.
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