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Introduction
Ewing sarcomas comprise a group of neoplasms 
defined by FET::ETS gene rearrangements.1 The 
FET family of transcription factors include 
EWSR1, FUS, and TAF15, while the ETS family 
comprises FLI1, ERG, ETV1, E1AF, and FEV. 
Intraosseous and extraosseous Ewing sarcomas 
often occur in children and young adults, primar-
ily affecting long bones and pelvis.2 
Adamantinoma-like Ewing sarcoma (ALES) is a 
rare variant of Ewing sarcoma with complex epi-
thelial differentiation, and is defined by the 
t(11,22) EWSR1::FLI1 fusion.1,3 Originally 
described in the long bones and thorax, ALES is 

now known to primarily affect the head and neck 
region, with a peculiar predilection for salivary 
glands, thyroid, and sinonasal tract.4–8

Owing to its rarity, little information is currently 
available on the clinical course and optimal treat-
ment of ALES. However, outcomes similar to or 
slightly more favorable than in Ewing sarcoma 
after treatment with surgery, adjuvant chemo-
therapy, and radiotherapy have been reported.5 
Since a number of small blue round cell tumors 
including alveolar rhabdomyosarcoma, olfactory 
neuroblastoma, NUT midline carcinoma, lym-
phoma, melanoma, neuroendocrine carcinoma, 
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and desmoplastic small round cell tumors can 
arise in the head and neck region, the differential 
diagnosis of ALES can be challenging. 
Nevertheless, appropriate recognition of this 
malignancy is key in guiding treatment choices 
and possibly improving patients’ outcomes.

Here, we report a case of ALES of the parotid 
gland originally misdiagnosed as poorly differen-
tiated neuroendocrine carcinoma. Moreover, we 
systematically review the scientific literature con-
cerning salivary gland ALES to provide updated 
information on the diagnosis and management of 
this exceedingly rare malignancy.

Case report
A 72-year-old woman presented at our institution 
with a 5-month history of painless, progressively 
enlarging right parotid mass. Her family history 
was unremarkable. She was a nonsmoker and did 
not consume alcohol. Her past medical history 
was significant for rheumatic valve disease status 

post-mechanical aortic and mitral valve substitu-
tion, atrial fibrillation, hysteroannexectomy for 
uterine fibromas, and stage III papillary thyroid 
cancer status post-radical thyroidectomy and 
radioiodine treatment. Her physical examination 
was only remarkable for 2 cm mass in the right 
preauricular region without skin abnormalities 
nor enlarged cervical lymph nodes. The results of 
laboratory tests were unremarkable. Contrast-
enhanced computed tomography (CT) of the 
face and neck revealed an ill-defined mass meas-
uring 19 × 22 × 23 mm in the right parotid gland 
infiltrating the homolateral masseter muscle 
(Figure 1(a)). The patient underwent a right 
parotidectomy with facial nerve dissection, with 
gross inspection showing a mass of 35 × 25 ×  
15 mm. Microscopically, the tumor consisted of 
monotonous small round cells grew in cords and 
nests containing monomorphic nuclei and infil-
trating skeletal muscle structures (Figure 1(b)). 
Both extra-parotid extension to perisalivary soft 
tissue and angioinvasion and perineural invasion 
were detected. Surgical margins were negative. 

Figure 1
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Figure 1.  Radiological, pathological, and molecular features of parotid ALES. (a) CT scan showing an ill-
defined mass in the right parotid gland. (b) Hematoxylin and eosin staining showing monotonous small round 
cells grew in cords and nests with monomorphic nuclei (magnification: ×20). (c) IHC demonstrating strong and 
homogeneous membranous CD99 positivity (magnification: ×20). (d) FISH showing rearrangements of EWSR1 
and FLI1. Arrow 1: intact EWSR1 allele; arrow 2: 5′EWSR1 fused 3′FLI1; 3: derivative 3′EWSR1; 4: FLI1 non-
translocated allele. (e) Chromosome 22q and 11q map showing the specific binding sequence areas for the 
5′EWSR1 probe (spectrum orange), 3′EWSR1 probe (spectrum green) and 3′FLI1 (spectrum aqua).
FISH, fluorescence in situ hybridization; IHC, immunohistochemistry.
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Immunohistochemistry (IHC) showed positivity 
of tumor cells for CD56 and, occasionally, for 
synaptophysin, and a diagnosis of poorly differen-
tiated neuroendocrine carcinoma was made. A 
subsequent pathology revision revealed the posi-
tivity of tumor cells for CD99 (Figure 1(c)), 
CK8/18 and focally for p63 and p40, in the 
absence of staining for NUT, CK7, TTF1, S100, 
and androgen receptor. The Ki-67 index was 
60%. A fluorescence in situ hybridization (FISH) 
using the ZytoLight SPEC EWSR1/FLI1 
TriCheck Probe showed the presence of the 
EWSR1 (22q12)-FLI1 (11q12) gene fusion 
(Figure 1(d) and (e)), and a diagnosis of ALES 
was made. A post-operatory total-body CT scan 
demonstrated the absence of disease, while an 
echocardiography showed a compromised ven-
tricular function, with an ejection fraction of 
40%. The patient underwent six cycles of chemo-
therapy with vincristine, cyclophosphamide, and 

actinomycin D, reporting G3 thrombocytopenia 
as main treatment-emergent adverse event. She 
then received external beam radiotherapy, 
remaining free of disease at the last follow-up visit 
after 14 months from surgery.

Literature review and methods of analysis
We searched the English-language literature 
indexed in PubMed, Medline, Scopus, and Web 
of Science using the keyword ‘Adamantinoma-
like Ewing sarcoma’ published up to June 2022. 
Only papers reporting individual cases of ALES 
of the salivary glands were included in this study. 
Two independent physicians (EL and AM) 
reviewed the selected papers and completed a 
detailed analysis of clinical, pathological, molecu-
lar, and radiological features as well as treatments 
and outcomes. Details included age at onset of 
ALES, sex, race, main symptoms and signs at 

Figure 2.  Identification of studies for inclusion in the systematic review as per PRISMA guidelines.9
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disease presentation, results of morphological 
and functional imaging, received treatments, and 
follow-ups.

Statistical analysis was performed using MedCalc 
software 12.7 (MedCalc Software bvba, Ostend, 
Belgium). Overall survival (OS) was determined 
from diagnosis to death from any cause. Disease-
free survival (DFS) was calculated from date of 
surgery (R0/R1) until evidence of macroscopic 
recurrence by imaging or death. Survival curves 
were estimated using the Kaplan–Meier method.

Results
Patient population: We retrieved 11 manuscripts 
describing patients with ALES arising in the sali-
vary glands (Figure 2). A total of 21 patients 
matching the inclusion criteria were identified 
(Table 1). Median age at diagnosis was 46 years 
(range, 12–79), and the male to female ratio was 
1:1.6. Most tumors originated in the parotid 
gland (18/21; 86%), while the remaining cases 
(3/21; 24%) arose in the submandibular gland. 
No cases originating in the sublingual glands nor 
in minor salivary glands were reported. A history 
of papillary thyroid carcinoma or ductal breast 
cancer was described in 3/21 (14%) and 2/21 
(10%) cases.

Disease presentation and imaging features: All 
patients with ALES of the salivary glands pre-
sented with a palpable mass. Such a mass was 
painless in the majority of cases with available 
information (14/19; 74%), whereas pain was 
reported in five cases (26%). By imaging, the 
median size of the tumor at diagnosis was 3.6 cm 
(range, 1.5–8.8). The tumor was localized in 
most of the cases (20/21; 95%), while skeletal and 
mesenteric metastases were described throughout 
the clinical course of a single patient (5%). 
Imaging features were reported only in a minority 
of cases (4/21), and a contrast-avid, polylobed 
mass was usually described. Infiltration of the 
surrounding structures was described in 3/4 cases 
(75%) with available imaging information.

Pathologic and molecular features: At pathologic 
evaluation, salivary gland ALES were initially 
misdiagnosed in 13/21 cases (62%). In all cases, 
the evaluation was carried out using surgical spec-
imens. A diagnosis of poorly differentiated carci-
noma with basaloid features, neuroendocrine 
cancer, adenocarcinoma, and sialoblastoma was 
formulated in 5/21 (24%), 4/21 (19%), 1/21 

Table 1.  Patient demographics and tumor 
characteristics.

Characteristics N of patients (%)
(n = 21)

Age at diagnosis

  Median, range 46, 12–79

  Mean, standard error 50, 4.2

Sex

  Male 8 (38%)

  Female 13 (62%)

Tumor site

  Parotid gland 18 (86%)

  Submandibular gland 3 (24%)

Tumor size

  Median (cm), range 3.6, 1.5–8.8

  Mean (cm), standard error 3.8, 0.4

History of cancer

  None 16 (76%)

  Papillary thyroid carcinoma 3 (14%)

  Ductal breast carcinoma 2 (10%)

Clinical presentation#

  Painless palpable mass 14 (74%)

  Painful palpable mass 5 (26%)

Original pathological diagnosis

  ALES 8 (38%)

  Misdiagnosis 13 (62%)

  �  Poorly differentiated carcinoma 
with basaloid features

5 (24%)

    Neuroendocrine carcinoma 4 (19%)

    Basal cell adenocarcinoma 1 (5%)

    Basal cell adenoma 1 (5%)

    Sialoblastoma 1 (5%)

    Adenocarcinoma 1 (5%)

Treatments

  Surgery 21 (100%)

  Adjuvant chemoradiotherapy 12 (57%)

Postoperative clinical course#

  No evidence of local or systemic relapse 17 (90%)

  Systemic relapse 1 (5%)

  Local relapse 1 (5%)

Median follow-up (months) 13 (range, 1–96)

#Information available in 19 cases.
ALES, adamantinoma-like Ewing sarcoma.
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(5%), and 1/21 (5%) cases, respectively. Once 
correctly diagnosed, salivary gland ALES were 
microscopically described as nests of highly 
monomorphic small round blue cells with fine 
chromatin and prominent nucleoli, often sepa-
rated by fibrous stroma. An infiltrative pattern 
was frequently evident, and squamous pearl for-
mation was also reported (3/21; 14%). As sum-
marized in Table 2, IHC uniformly showed 
positive immunostaining for CD99 (21/21; 
100%), frequent expression of p40 (13/13; 
100%), CKAE1/AE3 (12/12; 100%), NKX2.2 
(9/9; 100%), and synaptophysin (15/18, 83%; 
focal positivity in five cases). Chromogranin A 
(4/17, 24%; focal expression in three cases) and 
S100 (2/13, 15%; focal expression in one case) 
resulted only occasionally positive. When tested, 
actin, desmin, and NUT1 stained always nega-
tive. In all cases, the EWSR1 gene rearrangements 
were detected by FISH or next-generation 
sequencing.

Treatments and outcomes: Surgery was performed 
in all reported cases of salivary gland ALES. In 
particular, the removal of the tumor was carried 
out upfront in 20/21 cases and after neoadjuvant 
chemotherapy in 1/21 patients. Surgery was usu-
ally followed by adjuvant chemoradiotherapy 
(12/21 cases; 57%), with chemotherapy protocols 
spanning from alternating vincristine/doxoru-
bicin/cyclophosphamide and ifosfamide/etopo-
side to doxorubicin monotherapy and carboplatin/
etoposide combination. The original pathological 
diagnosis appeared to influence the choice of the 
chemotherapy regimen. After a median follow-up 
of 13 months (range, 1–96 months), absence of 
local or systemic disease was documented in 
17/19 cases (89%) with available information. 
One treatment-related death was reported across 
the case reports or case series examined. Among 
15 patients with available information, the 1-year 
OS rate was 92% ± 7 (Figure 3(a)). Among 14 
patients who underwent R0/R1 resection and 
with available information, the 1-year DFS rate 
was 92% ± 8 (Figure 3(b)).

Discussion
Salivary gland tumors constitute an uncommon, 
heterogeneous group of neoplasms that vary con-
siderably in terms of site of origin, histology, and 
clinical behavior.17 The parotid gland represents 
the most frequently involved site of origin, 
accounting for approximately 85% of the salivary 
gland neoplasms. Both benign and malignant 

salivary gland tumors exist and are classified 
according to the 2022 World Health Organization 
classification.18 While approximately three-fourths 
of the parotid tumors are benign, the majority of 
the submandibular, sublingual and minor salivary 
gland neoplasms are malignant.19 Histologically, 
the most common type of benign salivary gland 
neoplasm is pleomorphic adenoma, while the two 
most frequent malignant tumors arising in the 
salivary glands are the mucoepidermoid carci-
noma and the adenoid cystic carcinoma, compris-
ing one-half of the malignant spectrum of the 
salivary tract. In addition to primary tumors, up to 
10% of major salivary gland masses are consti-
tuted by lymph node metastases from malignan-
cies arising in the head and neck region (i.e. 
lymphoma, melanoma, cutaneous squamous cell 
carcinoma).20 In this context, ALES appears as an 
exceedingly rare form of salivary gland tumor with 
complex histology, controversial clinical behavior, 
and debatable incorporation into the Ewing sar-
coma group of neoplasms.

Owing to its rarity, little information is currently 
available on the clinical course of ALES. Table 3 
summarizes the key features of ALES at disease 
presentation as captured by our systematic review 
of the literature. A slight female predilection (M:F 
1:1.6) and peak incidence in the fifth decade can 
be recorded. This distribution is similar to that of 
salivary gland neoplasms in general,21 while con-
trasting with that of Ewing sarcoma, characterized 
by slight male predominance and peak incidence 
between 10 and 15 years of age.22 The parotid 
gland represents the site primarily involved by 
ALES (86%), consistent with the anatomic distri-
bution of salivary gland neoplasms.18

Although the number of cases analyzed in this 
systematic review does not allow to draw reliable 
conclusions on factors increasing the risk of devel-
oping salivary gland ALES, a personal history of 
papillary thyroid cancer or breast cancer has been 
found in 14% and 10% of cases, respectively. 
Although this association might be coincidental 
in consideration of the prevalence of both malig-
nancies, administered therapies (i.e. radiother-
apy, known to be associated with salivary gland 
tumors23,24) might contribute to the development 
of ALES.

Given the absence of pathognomonic character-
istics, a wide range of pathologic processes should 
be considered in the differential diagnosis of a 
painless salivary gland mass. Such processes 
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should comprise benign and malignant tumors, 
salivary cysts, cysts of the first branchial cleft, 
salivary gland stones, Sjogren syndrome, sar-
coidosis (Heerfordt syndrome), chronic scleros-
ing sialadenitis, and lymphoepithelial cysts. A 

tissue diagnosis is almost always required to dis-
tinguish among these pathologic conditions.

Based on our systematic review of the literature, 
after a median follow-up of 13 months a single 

Figure 3.  Kaplan–Meier estimate of OS.
OS, overall survival.
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patient (5%) with salivary gland ALES developed 
stage IV disease, with skeletal and mesenteric 
metastases. Although most of the patients ana-
lyzed in this review underwent postoperative 
chemotherapy, regimens known to be effective in 
Ewing sarcoma were not necessarily employed. 
Conversely, locoregional infiltration appears 
common in salivary gland ALES, with invasion of 
the surrounding structures detected in the 75% of 
cases with available imaging. Preoperative neo-
plastic extent evaluation by CT or magnetic reso-
nance imaging may be thus useful for surgical 
planning.

The diagnosis of salivary gland ALES is challeng-
ing and is based on both pathologic and molecu-
lar criteria. According to our systematic review of 
the literature, almost two-thirds of the cases were 
initially misdiagnosed, necessitating of re-evalua-
tion in centers with a specific expertise in head 
and neck pathology. This implies that, as fre-
quently occurs with rare diseases, the frequency 
of the malignancy is underestimated. Since poorly 
differentiated carcinomas with basaloid features 
and neuroendocrine carcinomas of the salivary 
glands are the two entities most frequently misdi-
agnosed with salivary gland ALES, revision of 
such cases in tertiary centers is advisable.

Pathologically, salivary gland ALES is character-
ized by a heterogeneous morphologic pattern with 
a mixture of relatively uniform small round blue 
cells with scant cytoplasm admixed with epithelioid 
component with peripheral palisading and rare 
focal squamous differentiation. IHC reveals diffuse 
and intense immunoreactivity for membranous 
CD99 and nuclear NKX2.2 combined with diffuse 
positivity for high and low molecular weight 
cytokeratins including CKAE1/AE3 and p40. 
Expression of synaptophysin (either diffuse or 
focal) is detected in more than 80% of cases, and 
can orient toward a neuroendocrine differentiation/
transdifferentiation. In particular, such an expres-
sion appears considerably more frequent in salivary 
gland ALES rather than in ALES of other head and 
neck sites (20%).6 Despite the expression of synap-
tophysin can be seen as an epiphenomenon of the 
presumed neuroectodermal origin of Ewing sar-
coma, the biologic clues driving its overexpression 
in salivary gland ALES remain largely elusive. 
While being detected in all cases of salivary gland 
ALES, the EWSR1 rearrangements are not pathog-
nomonic of the disease, as myoepithelial carcino-
mas,25 hyalinizing clear cell carcinomas,26 
EWSR1-non-ETS sarcomas,27 desmoplastic small 

round cell tumors,28 and the so-called ‘carcinomas 
of the thyroid with Ewing family of tumors ele-
ments’29 may also harbor the same gene rearrange-
ments. In this context, as already proposed by 
Rooper et al.,4 the presence of a EWSR1 rearrange-
ment in a cytokeratin-positive salivary gland neo-
plasm with low tendency to metastatic dissemination 
raises questions about whether salivary gland ALES 
truly belongs to the Ewing sarcoma group or repre-
sents a carcinoma with unique morphologic and 
immunohistochemical features. High-throughput 
sequencing studies comparing the genomic land-
scape of salivary gland ALES and Ewing sarcomas 
might provide an answer to this question, at least 
partly. Overall, the presence of an identical genetic 
alteration in ontogenetically different malignancies 
would not be particularly surprising, as demon-
strated for example by the occurrence of recurrent 
BRAFV600E mutations across multiple solid and 
hematologic malignancies.30,31

An exact understanding of the ontogenesis of sali-
vary gland ALES is not just a matter of nomencla-
ture. Based on the available evidence, it is indeed 
currently difficult to conclude whether postopera-
tive chemotherapy or chemoradiotherapy be 
always required in such a malignancy. As a matter 
of caution, here we note that the single death 
recorded in this systematic review was secondary 
to the postoperative treatment, and not to the dis-
ease itself. On the same lines, it is presently 
impossible to recommend Ewing sarcoma-spe-
cific regimens versus therapies for malignant sali-
vary tumors, despite historically the first have 

Table 3.  Key clinical-pathological features of ALES of the salivary glands.

Features Percentage (%)

Palpable mass 100

Involvement of the parotid gland 86

⩽4 cm in diameter (⩽pT2) 76

Female gender 62

Monotonous small round blue cells at pathologic 
evaluation

100

Tumor cells positive for CD99, p40, and CKAE1/AE3 100

Tumor cells negative for actin, desmin, and NUT1 100

EWSR1 gene rearrangement 100

Tumor cells positive for synaptophysin 83
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been consistently preferred and good outcomes 
have been recorded.

In conclusion, salivary gland ALES is an over-
looked malignancy frequently misdiagnosed with 
poorly differentiated carcinomas with basaloid 
features or neuroendocrine carcinomas. Although 
the detection of EWSR1 rearrangements is crucial 
in confirming the pathological diagnosis, the pres-
ence of such gene fusions does not necessarily 
collocate this malignancy in the Ewing sarcoma 
group. Although limited, the evidence emerging 
from the present systematic review indicate that 
salivary gland ALES share several epidemiologi-
cal and clinical characteristics with other salivary 
gland malignancies, thereby suggesting that there 
is room for debate about its present classification. 
Suppression of EWSR1 fusion protein32 can show 
activity against the plethora of EWSR1-driven 
tumors.

Declarations

Ethics approval
No ethical committee approval was needed for 
this study.

Consent to participate
Not applicable.

Consent for publication
Informed consent for publication was provided 
by the participant.

Author contribution(s)
Eleonora Lauricella: Formal analysis; 
Investigation; Writing – original draft.

Anna Manicone: Formal analysis; Investigation; 
Writing – original draft.

Federica Cavallo: Formal analysis; 
Investigation; Writing – original draft.

Gian Paolo Dagrada: Formal analysis; 
Investigation; Methodology.

Giovanni Centonze: Formal analysis; 
Investigation; Methodology.

Rossella Bertulli: Writing – review & editing.

Pasquale Quattrone: Writing – review & 
editing.

Camillo Porta: Writing – review & editing.

Mauro Cives: Conceptualization; Funding 
acquisition; Writing – review & editing.

Acknowledgements
None.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: This work was 
supported by the Associazione Italiana per la 
Ricerca sul Cancro [MFAG #23583] and 
Associazione per la Ricerca Biomolecolare Onlus, 
Acquaviva, Italy [2020].

Competing interests
The authors declare that there is no conflict of 
interest.

Availability of data and materials
Not applicable.

ORCID iD
Eleonora Lauricella  https://orcid.org/0000- 
0001-6084-9557

Supplemental material
Supplemental material for this article is available 
online.

References
	 1.	 De Alava E, Lessnick SL and Stamenkovic I 

(2020) Tumors of uncertain differentiation/Ewing 
sarcoma. In: World Health Organization (WHO) 
classification of tumours editorial board (eds) 
World Health Organization classification of tumours. 
Soft tissue and bone tumours. 5th ed. Lyon, France: 
IARC Press, 2020, pp.323–325.

	 2.	 Cotterill SJ, Ahrens S, Paulussen M, et al. 
Prognostic factors in Ewing’s tumor of bone: 
analysis of 975 patients from the European 
Intergroup Cooperative Ewing’s Sarcoma Study 
Group. J Clin Oncol 2000; 18: 3108–3114.

	 3.	 Llombart-Bosch A, Machado I, Navarro S, et al. 
Histological heterogeneity of Ewing’s sarcoma/
PNET: an immunohistochemical analysis of 415 
genetically confirmed cases with clinical support. 
Virchows Arch 2009; 455: 397–411.

	 4.	 Rooper LM, Jo VJ, Antonescu CR, et al. 
Adamantinoma-like Ewing sarcoma of the 
salivary glands: a newly recognized mimicker of 

https://journals.sagepub.com/home/tam
https://orcid.org/0000-0001-6084-9557
https://orcid.org/0000-0001-6084-9557


E Lauricella, A Manicone et al.

journals.sagepub.com/home/tam	 11

basaloid salivary carcinomas. Am J Surg Pathol 
2019; 43: 187–194.

	 5.	 Rooper LM and Bishop JA (2020) Soft tissue 
special issue: adamantinoma-like ewing sarcoma 
of the head and neck: a practical review of a 
challenging emerging entity. Head Neck Pathol 
2020; 14: 59–69.

	 6.	 Bishop JA, Alaggio R, Zhang L, et al. 
Adamantinoma-like Ewing family tumors of the 
head and neck: a pitfall in the differential diagnosis 
of basaloid and myoepithelial carcinomas. Am J 
Surg Pathol 2015; 39: 1267–1274.

	 7.	 Bal M, Shah A, Rekhi B, et al. Adamantinoma-
like Ewing sarcoma of the head and neck: a case-
series of a rare and challenging diagnosis. Head 
Neck Pathol 2022; 16: 679–694.

	 8.	 Morlote D, Harada S, Linderman B, et al. 
Adamantinoma-like Ewing sarcoma of the 
thyroid: a case report and review of the literature. 
Head Neck Pathol 2019; 13: 618–623.

	 9.	 Page MJ, McKenzie JE, Bossuyt PM, et al. The 
PRISMA 2020 statement: an updated guideline 
for reporting systematic reviews. BMJ 2021; 372: 
n71.

	10.	 Park JH, Lewis R and Cheng HM. An unusual 
cause of a lump in the parotid gland. BMJ Case 
Reports 2012; 2012bcr2012007805.

	11.	 Torres JMV, Duarte EM, Diaz-Perez JA, et al. 
Mesenchymal neoplasms of salivary glands: a 
clinicopathologic study of 68 cases. Head Neck 
Pathol 2022; 16(2): 353–365.

	12.	 Gulsen S and Vicdan H. Primary extraskeletal 
Ewing sarcoma of the parotid gland. Ear Nose 
Throat J 2021; 100(3): 147–149.

	13.	 Alnuaim H, Alzahrani M, Ghandurah S, et al. 
Adamantinoma-like Ewing sarcoma of the parotid 
gland: report of two cases and review of literature. 
Cureus 2020; 12(12): e11870.

	14.	 Sabr A, Aloua R, Kerdoud O, et al. Parotid 
Ewing’s sarcoma: extra-skeletal uncommon 
condition. Ann Med Surg (Lond) 2021; 65: 
102304.

	15.	 Umamahesweran S, Gochhait D, Jayachandran 
J, et al. Cytomorphological features of 
adamantinoma-like Ewing’s sarcoma in  
parotid masquerading as sialoblastoma in a 
paediatric patient. Cytopathology 2020; 31(3): 
228–231.

	16.	 Wei CH, Thompson LDR, Lee K, et al. Outcome 
for neoadjuvant treatment of parotid gland 
adamantinoma-like Ewing sarcoma: case report 

and review of literatures. Int J Surg Pathol 2022; 
30(7): 776–783.

	17.	 Guzzo M, Locati LD, Prott FJ, et al. Major and 
minor salivary gland tumors. Crit Rev Oncol 
Hematol 2010; 74: 134.

	18.	 WHO Classification of Tumours Editorial Board. 
Head and neck tumours. WHO classification of 
tumours series, vol. 9. 5the ed. Lyon, France: 
International Agency for Research on Cancer, 
2022.

	19.	 Spiro RH. Salivary neoplasms: overview of a 
35-year experience with 2,807 patients. Head 
Neck Surg 1986; 8: 177.

	20.	 O’Brien CJ, Malka VB and Mijailovic M (1993) 
Evaluation of 242 consecutive parotidectomies 
performed for benign and malignant disease. Aust 
N Z J Surg 1993; 63: 870.

	21.	 Alsanie I, Rajab S, Cottom H, et al. Distribution 
and frequency of salivary gland tumours: an 
international multicenter study. Head Neck Pathol 
2022; 16(4): 1043–1054.

	22.	 Miller RW. Contrasting epidemiology of 
childhood osteosarcoma, Ewing’s tumor, and 
rhabdomyosarcoma. Natl Cancer Inst Monogr 
1981; (56): 9–15.

	23.	 Saku T, Hayashi Y, Takahara O, et al. Salivary 
gland tumors among atomic bomb survivors, 
1950–1987. Cancer 1997; 79(8): 1465.

	24.	 Boukheris H, Stovall M, Gilbert ES, et al. Risk 
of salivary gland cancer after childhood cancer: 
a report from the Childhood Cancer Survivor 
Study. Int J Radiat Oncol Biol Phys 2013; 85(3): 
776.

	25.	 Dalin MG, Katabi N, Persson M, et al. Multi-
dimensional genomic analysis of myoepithelial 
carcinoma identifies prevalent oncogenic gene 
fusions. Nat Commun 2017; 8: 1197.

	26.	 Antonescu CR, Katabi N, Zhang L, et al. 
EWSR1-ATF1 fusion is a novel and consistent 
finding in hyalinizing clear-cell carcinoma of 
salivary gland. Genes Chromosomes Cancer 2011; 
50: 559–570.

	27.	 Kallen ME and Hornick JL. From the ashes of 
"Ewing-like" sarcoma: a contemporary update 
of the classification, immunohistochemistry, and 
molecular genetics of round cell sarcomas. Semin 
Diagn Pathol 2022; 39(1): 29–37.

	28.	 Cai Z, Zhang L, Karni RJ, et al. Desmoplastic 
small round cell tumor of parotid gland: a rare 
entity with diagnostic challenge. Int J Surg Pathol 
2020; 28(7): 782–786.

https://journals.sagepub.com/home/tam


Therapeutic Advances in 
Medical Oncology Volume 15

12	 journals.sagepub.com/home/tam

	29.	 Oliveira G, Polonia A, Cameselle-Teijeiro JM, 
et al. EWSR1 rearrangement is a frequent event 
in papillary thyroid carcinoma and in carcinoma 
of the thyroid with Ewing family tumor elements 
(CEFTE). Virchows Arch 2017; 470: 517–525.

	30.	 Poulikakos PI, Sullivan RJ and Yaeger R. 
Molecular pathways and mechanisms of BRAF in 
cancer therapy. Clin Cancer Res 2022.

	31.	 Cives M, Simone V, Rizzo FM, et al. Erdheim-
Chester disease: a systematic review. Crit Rev 
Oncol Hematol 2015; 95(1): 1–11.

	32.	 Gedminas JM, Kaufman R, Boguslawski EA, 
et al. Lurbinectedin inhibits the EWS-WT1 
transcription factor in desmoplastic small round 
cell tumor. Mol Cancer Ther 2022; 21(8): 1296–
1305.

Visit SAGE journals online 
journals.sagepub.com/
home/tam

SAGE journals

https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam

