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Abstract

Currently considered a variant of Ewing sarcoma, adamantinoma-like Ewing sarcoma is a rare malignancy that shows
classic Ewing sarcoma-associated gene fusions but also epithelial differentiation. Here we present the 6th reported case of
adamantinoma-like Ewing sarcoma involving the thyroid gland. Sections of the thyroid tumor from a 20-year old woman
showed sheets, lobules and trabeculae of primitive, uniform, small round blue cells that diffusely expressed pankeratin,
p40 and CD99. Fluorescent in situ hybridization revealed an EWSRI gene rearrangement and an EWSRI-FLII fusion was
detected by RT-PCR. Neck lymph nodes were not involved, and the patient was treated with a Ewing sarcoma chemotherapy
protocol and radiation and is disease free 7 months after surgery. The unusual histology and immunohistochemical profile of
adamantinoma-like Ewing sarcoma makes diagnosis and classification very challenging. We also present a literature review

of adamantinoma-like Ewing sarcoma involving the thyroid.
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Introduction

Adamantinoma-like Ewing sarcoma (ALES), a rare member
of the Ewing family of tumors, was originally described in
the long bones; however, reports of cases in the thyroid,
sinonasal tract, orbit, and salivary gland have surfaced dur-
ing the last 10 years [1-5]. In fact, it appears the head and
neck is the site most commonly affected by ALES [5].
Histologically, ALES grows in sheets, lobules, nests
and trabeculae composed of monotonous, uniform round
cells with evenly distributed and vesicular nuclear chro-
matin similar to Ewing sarcoma. Cytoplasm is scant to
clear, psuedorosettes may be present, and mitotic activity is
abundant. Like classic Ewing sarcoma (ES), membranous
CD99 expression is typical. Unlike classic Ewing sarcoma,
however, ALES features complex epithelial differentiation
in the form of variable cohesive growth, squamous pearls,
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intercellular bridges, and peripheral palisading, and they dif-
fusely express epithelial markers such as p40 and keratins.
By definition, ALES carry EWSRI gene rearrangements. So
far, the partner gene has consistently been FLII [1, 4]. Their
rarity and unusual histologic and immunohistochemical pro-
file present a diagnostic challenge. Here we present a case
of ALES involving the thyroid and review the literature on
intrathyroidal ALES.

Case Report

A 20-year-old woman presented with a non-painful growth
on the left neck recently noticed by her mother. An ultra-
sound found a 4 cm solid nodule with punctate calcifications
within the left lobe of the thyroid. Fine needle aspiration
was interpreted as suspicious for carcinoma. A ThyroSeq
panel revealed loss of PTEN; however, this assay does not
distinguish between germline and somatic mutations. A
total thyroidectomy with left central neck dissection was
performed. The thyroid tumor histologically featured a
primitive small round blue cell tumor growing in sheets,
nests, lobules, cords and trabeculae (Fig. 1a—d). There was
colonization of the background thyroid follicles by the tumor
cells (Fig. 1b), which were set in a finely fibrous/hyalinized
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«Fig.1 Adamantinoma-like Ewing Sarcoma arising in the thyroid of
a 20 year-old female. Sheets, islands and trabeculae of tumor cells
(a, b, ¢, d, 100x, 400%, 200x, 400X, respectively, hematoxylin and
eosin) showing colonization of thyroid follicles (b) and necrosis (d).
Tumor cells were set in a fibrous/hyalinized and myxoid stroma (c,
d). Cells were uniform, small to medium in size, with round nuclei,
fine chromatin and variably prominent nucleoli (b). Immunohisto-
chemical stains revealed strong, membranous expression of CD99 (e,
400x) and diffuse nuclear expression of p40 (f, 200x) and FLI-1 (g,
200x). RT-PCR revealed a EWSRI-FLI-1 fusion. Immunostains for
thyroglobulin, TTF1, PAX8, Calcitonin, CK20, SOX10, ERG, SMA,
and NUT were all negative (not shown)

and myxoid stroma (Fig. 1c, d). The neoplastic cells were
uniform, small to medium in size, with round nuclei, evenly
distributed chromatin and a variably prominent nucleolus.
Cytoplasm was scant to eosinophilic (Fig. 1d). Occasional
somewhat plasmacytoid cells were noted. There were sug-
gestions of pseudorosette formation as well as scattered
calcifications. Mitotic rate was 10—20 mitoses/10 hpf and
there was abundant apoptotic debris and multifocal necrosis
(Fig. 1d). Overall, the cytologic appearance was more typi-
cal of Ewing sarcoma than carcinoma. No squamous pearls
or intercellular bridges were seen. However, immunohisto-
chemical stains showed evidence of epithelial differentiation
(diffusely positive for Pankeratin and p40) (Fig. 1f). Tumor
cells were also positive for CD99 (diffuse, strong and mem-
branous) (Fig. 1e) and FLI1 (nuclear) (Fig. 1g), while rare
cells were positive for synaptophysin. The following stains
were negative: Thyroglobulin, TTF1, PAXS, Calcitonin,
CK20, SOX10, ERG, SMA, and NUT. Fluorescent in-situ
hybridization revealed an EWSRI gene rearrangement and
a EWSRI-FLII fusion was detected by RT-PCR. Given the
morphological, immunohistochemical and molecular find-
ings, a diagnosis of Ewing sarcoma with epithelial differen-
tiation (adamantinoma-like Ewing sarcoma) was rendered.
Ten lymph nodes were negative for malignancy. No meta-
static disease was detected in this case. The patient is receiv-
ing a Ewing sarcoma chemotherapy regimen (14 cycles of
vincristine, doxorubicin, cyclophosphamide alternating with
ifosfamide, etoposide) and radiation for a focally positive
margin (5040 cGy in 28 fractions to the left thyroidectomy
bed) and remains disease-free by imaging 7 months after
diagnosis.

Discussion

While not exactly histologically reminiscent of adaman-
tinoma of bone, ALES is so named because it was origi-
nally reported in long bone sites, where a major differential
diagnostic consideration was adamantinoma. As currently
defined, ALES is a small round blue cell tumor harboring
the EWSRI-FLII fusion along with epithelial differentiation
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at the light microscopic and/or immunohistochemical level
[1,5].

Cruz et al. [6] and Eloy et al. [7, 8] initially reported
two thyroid small round blue cell tumors that showed dif-
fuse expression of p63, pankeratin and CD99 and harbored
EWSRI-FLII fusions under the name “carcinoma of the thy-
roid with Ewing family tumor elements.” Both of these cases
showed essentially a small round blue cell tumor with scant
cytoplasm growing in solid and insular patterns with epi-
dermoid foci noted in one case that was initially diagnosed
as a small cell carcinoma [6]. Subsequently, Bishop et al.
[1] reported two additional thyroid tumors featuring nested,
basaloid and trabecular growth with interlobular fibrosis,
variable peripheral palisading and focal rosette formation,
composed of small, uniform cells with minimal cytoplasm;
one example showed a microcystic pattern set in a myxoid
stroma. Both of these cases expressed pankeratin, p40, CD99
and harbored EWSRI-FLII fusions. Because EWSRI-FLI1
fusions are currently pathognomonic for Ewing sarcoma,
Bishop et al. [1] preferred the terminology adamantinoma-
like Ewing sarcoma for these cases. Like the new case
reported herein, one of the cases from Bishop et al. [1]
showed colonization of the thyroid follicles.

The two cases reported by Cruz et al. [6], Eloy et al. [7],
and Eloy and Oliveira et al. [8] had good outcomes, with
the patients showing no evidence of disease at 38 months
and 13 years, respectively. Ongkeko et al. [9] reported a
thyroid ALES that histologically showed a basaloid malig-
nancy with focal peripheral palisading composed of nests
of monotonous round cells with scant cytoplasm with areas
of follicular colonization. The Ongkeko et al. case featured
pancreatic and neck node metastasis, yet a restaging PET
scan showed complete response 2 years after chemotherapy.
That the case reported by Ongkeko was initially diagnosed
as poorly differentiated thyroid carcinoma underscores the
challenge in accurately diagnosing ALES. The available
clinical, treatment, outcome and immunohistochemical fea-
tures of the now six cases of ALES to involve the thyroid
are presented in Tables 1 and 2. The age range of affected
patients is 19—42 (mean: 29.5).

There is debate regarding if ALES is a variant of ES, or
is rather a type of carcinoma harboring a EWSRI-FLI rear-
rangement. Arguments for the former are that EWSRI-FLI1
fusions at this time are considered pathognomonic for ES
[5], ES has been shown to express keratins and may show
atypical histologic patterns such as large cell, spindle cell,
and sclerosing patterns [10], and cases of ALES will still
show areas with morphologic similarity to classic ES. Fea-
tures favoring the latter argument are that many examples of
tumors exist that are clearly different yet harbor the same or
similar gene rearrangements (for example, clear cell sarcoma
of soft parts and hyalinizing clear cell carcinoma, etc.) [11].
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Table 1 Summary of the salient therapeutic and outcome data of the reported cases of adamantinoma-like Ewing sarcoma of the thyroid

Reference Age/sex  Fusion Surgery/adjuvant treatment Follow up/outcome LN metastasis ~ Distant metastasis
Cruz et al. and Eloy 42/F EWSRI-FLII  TT/none 38 months/ANED N N
et al.” [6, 7]
Eloy et al.A [8] 24/M EWSRI-FLIl  TT/RAI/ESP 13 yearss/ ANED N N
Bishop et al. [1] 19/M EWSRI-FLII  TT/unknown n/a n/a n/a
Bishop et al. [1] 36/F EWSRI-FLII1 TT/unknown n/a n/a n/a
Ongkekoetal. [9] 36/M EWSRI-FLII  TT/Radiation after initial diag- 2 years/alive, restag- Y Y (pancreas)
nosis of PDTC; chemotherapy  ing PET showed
complete response
Current case 20/F EWSRI-FLII  TT/ESP/radiation 7 months/ANED; N N
PET scan NED at 7
months

n/a not available, N no, Y yes, TT total thyroidectomy, RAI radioactive iodine, ESP Ewing sarcoma therapy protocol, ANED alive no evidence of

disease, PDTC poorly differentiated thyroid carcinoma

AReported under the name “carcinoma of the thyroid with Ewing family tumor elements”

Table 2 Summary of the immunohistochemical features of the six reported cases of adamantinoma-like Ewing sarcoma of thyroid

Reference age/sex CD99 p63 p40 Pan-CK SYN CHR TTF1 TG Calcitonin PAX8 S100 SOX10 Desmin SMA NUT-I1
Cruz et al. and 42/F + + nla + - - - - = n/a - n/a n/a - n/a
Eloy et al.A
[6, 7]
Eloy et al.* [8] 24/ + + n/a + - - - - - n/a - n/a n/a n/a n/a
Bishop et al. [1] 199M + nfa f+ + - - n/a n/a n/a n/a f+ n/a - f+ -
Bishopetal. [1]  36/F + nfa + 4+ + f+ n/a n/a n/a n/a - n/a - - n/a
Ongkeko et al. [9] 36/M  + n/a n/a + - - - - - n/a - n/a n/a n/a n/a
Current case 20/F + nfa + + + nfa - - - - na - n/a - -

ffocal, Pan-CK Pan-cytokeratin, SMA smooth muscle actin, SYN synaptophysin, CHR chromogranin, 7G thyroglobulin, n/a not available

"Reported under the name “carcinoma of the thyroid with Ewing family tumor elements”

Future studies and experience with ALES may answer this
classification and etiologic question.

The differential diagnosis of ALES involving the thyroid
is with poorly differentiated (insular) thyroid carcinoma
(PDTC), small cell variant of medullary carcinoma, spindle
epithelial tumor with thymus-like differentiation (SETTLE),
and carcinoma showing thymus-like elements (CASLTE)/
intrathyroid thymic carcinoma [1, 9]. PDTC, while show-
ing architectural overlap with ALES, may feature areas of
a more well-differentiated thyroid carcinoma and should
retain expression of TTF1 and thyroglobulin and will lack
EWSRI-FLII rearrangements. Medullary carcinoma can be
excluded due to the absence of amyloid and lack of calci-
tonin and TTF1 expression by ALES [12]. SETTLE is a
rare entity of presumed branchial origin which also shows
diffuse expression of keratins but also features spindled, glo-
meruloid, and possibly mucocyte differentiation, will lack
the EWSRI-FLII fusion, and will show less nuclear atypia
and lower mitotic count than ALES [13]. Intrathyroid thymic
carcinoma, like ALES, will show expression of epithelial

markers but it typically is more squamous in appearance
with variable lymphoid infiltrate and may also express CD5
and CD117 [9].

When presenting in the parotid or submandibular gland,
ALES typically shows less overt evidence of keratinization
and may also feature basement membrane deposition [5]
and thus may easily be misdiagnosed as basal cell adenoma,
basal cell adenocarcinoma, and high-grade adenoid cystic
carcinoma [5]. Basal cell adenoma and adenocarcinoma,
however, will typically show low grade cytology, much
lower mitotic count, and will typically feature a biphasic
luminal and myoepithelial pattern of staining with p40 or
p63, and will be negative for CD99, unlike ALES. High-
grade adenoid cystic carcinoma (ACC) will often, in addi-
tion to the transformed component, show areas of classic
ACC patterns such as lower-grade, angulated cells forming
tubular and/or cribriform structures with spaces containing
basophilic material that will also feature a dual cell popula-
tion on p63 or p40 staining, whereas ALES will show all or
most cells staining for p40 or p63. Molecular study will help
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resolve difficult cases as ACC contain MYB or MYBLI rear-
rangements and lacks EWSRI fusions [14]. Merkel cell car-
cinoma could pose a diagnostic challenge with ALES given
that it also expresses neuroendocrine markers and features
similar cytologic features [15]. However, Merkel cell carci-
noma will lack EWSRI rearrangements and show perinuclear
dot-like reactivity for CK20. Given rosette formation and
variable synaptophysin expression in ALES, a high-grade
neuroendocrine carcinoma is also in the differential diagno-
sis [5]. However, neuroendocrine carcinoma will typically
lack the extensive p40 or p63 expression seen in ALES and
will typically show more cytologic variability. Basaloid
squamous cell carcinoma (BSCC) should also be excluded in
any head and neck site before diagnosing ALES. BSCC will
overlap immunophenotypically with ALES although CD99
expression should be absent in BSCC. In addition, BSCC
will show more nuclear pleomorphism and may be associ-
ated with an in situ surface component and lack EWSR1 gene
rearrangements [16].

In the sinonasal tract, sinonasal undifferentiated carci-
noma (SNUC), HPV-related multiphenotypic carcinoma,
and olfactory neuroblastoma are mimics of ALES. SNUC,
like ALES, may show limited neuroendocrine marker
expression, however, SNUC, by definition, lacks squamous
differentiation and thus should be mostly negative for squa-
mous markers such as p40, unlike ALES. HPV-related mul-
tiphenotypic carcinoma (HMSC) is a neoplasm that is so
far restricted to the sinonasal tract and, like ALES, will also
feature basaloid cells with high mitotic rates and necrosis.
However, unlike ALES, surface dysplasia will typically be
present and HMSC will typically feature cribriform and
ductal areas with a variable two-cell population of inner
luminal cells surrounded by outer myoepithelial cells [14].
Of course, HMSC will be positive for high-risk HPV, typi-
cally type 33, and will lack EWSRI rearrangement. Olfactory
neuroblastoma will typically involve the cribriform plate and
may feature neuropil and an S100-positive sustentacular net-
work, and is usually negative for keratins, unlike ALES [17].

NUT carcinoma, myoepithelial carcinoma, synovial sar-
coma, and lymphoma are additional differential diagnosis
to consider before diagnosing ALES. NUT carcinomas
can overlap with ALES at the architectural, cytologic and
immunophenotypic levels but the highly specific and sensi-
tive NUT monoclonal antibody will be negative in ALES
[18]. Myoepithelial carcinomas can feature small round
blue cell histology that often express p40 and keratins and
may contain EWSRI rearrangements in a significant subset,
thus showing a potential for remarkable overlap with ALES.
However, unlike ALES, myoepitheial carcinomas lack the
EWRS1-FLII rearrangement and instead show EWSR/! fused
to either POUSF1, PBX1, PBX3, ZNF44,or KLF15[11]. A
biphasic synovial sarcoma would not be difficult to sepa-
rate from ALES. However, in a small biopsy specimen, an
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ALES could be confused for monophasic synovial sarcoma,
especially since synovial sarcoma can express CD99 [9].
Synovial sarcoma, however, will typically show only focal
expression of keratins unlike the diffuse expression typical
of ALES, and will also harbor SS/8 gene rearrangements.
B and T acute lymphoblastic lymphoma/leukemia express
CD99 and could enter the differential diagnosis of ALES on
a small biopsy specimen but can be easily excluded with a
basic immunohistochemical panel including TdT [19].

Accurate diagnosis of ALES is crucial for establishing
prognosis and guiding therapy, as so far ALES have been
typically treated with ES- specific chemotherapy regimens
[5]. This case and others [1, 5, 9] highlights that overt epi-
thelial differentiation in a thyroid tumor, or for that matter
a tumor from any site, does not by itself exclude an Ewing
family tumor. Poorly differentiated head and neck tumors
that show nuclear monotony, fine chromatin, epithelial dif-
ferentiation and positivity for CD99 should prompt further
immunohistochemical and possibly molecular workup to
exclude ALES. Molecular confirmation is necessary to make
a definitive diagnosis of ALES. So far, all cases of ALES
both within and outside the thyroid have shown an EWSR1-
FLII fusion [1, 9, 20]. While too few cases of ALES of thy-
roid have been reported to make a definitive statement on its
prognosis, it appears ALES of thyroid (and other head and
neck sites) appears to carry a more favorable prognosis as
compared to classic ES. Thus, awareness of this tumor type
will help facilitate its recognition and drive further studies
that may shed further insights into this rare cancer.
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