Virchows Archiv (2020) 477:787-798
https://doi.org/10.1007/500428-020-02853-1

ORIGINAL ARTICLE

®

Check for
updates

Malignant teratoid tumor of the thyroid gland: an aggressive
primitive multiphenotypic malignancy showing organotypical
elements and frequent DICER1 alterations—is the term
“thyroblastoma” more appropriate?

Abbas Agaimy' ® - Leora Witkowski? - Robert Stoehr - Joseph Christopher Castillo Cuenca? -
Carlos Alberto Gonzalez-Muller? - Alfred Briitting* - Markus Béhrle* - Konstantinos Mantsopoulos® -
Randa M. S. Amin® - Arndt Hartmann' - Markus Metzler” - Samir S. Amr® - William D. Foulkes>®° .
Manuel Sobrinho-Simées ''"'>'3 . Catarina Eloy ''"2

Received: 24 April 2020 /Revised: 15 May 2020 / Accepted: 21 May 2020 / Published online: 7 June 2020
© The Author(s) 2020

Abstract

Primary thyroid teratomas are exceedingly rare. Mature and immature variants recapitulate their gonadal counterparts (predilection for
infants/children, triphasic germ layer differentiation, and favorable outcome). On the other hand, the so-called malignant teratomas
affect predominantly adults and elderly, are highly aggressive, and, according to a few published cases, harbor DICER ] mutations. We
describe three highly aggressive sporadic malignant teratoid thyroid tumors in 2 females (17 and 45 years) and one male (17 years).
Histology showed triphasic neoplasms composed of solid nests of small primitive monomorphic cells embedded in a cellular stroma
with primitive immature rhabdomyosarcoma-like (2) or pleomorphic sarcoma-like (1) phenotype. The third component was repre-
sented by TTF1+/PAXS8+ primitive teratoid epithelial tubules reminiscent of primitive thyroid follicles and/or Wilms tumor, admixed
with scattered respiratory- or enteric-type tubules, neuroepithelial rosettes, and fetal-type squamoid nests. Foci of cartilage were seen in
two cases, but none contained mature organoid adult-type tissue or skin adnexa. SALL4 was expressed in the small cell (2) and stromal
(1) component. Other germ cell markers were negative. Molecular testing revealed a known “hotspot” pathogenic DICER ! mutation in
two cases. In addition, case 1 had a missense 7P53 variant. This type of thyroid malignancy is distinct from genuine teratomas. The
immunoprofile suggests primitive thyroid- or branchial cleft-like differentiation. Given that “blastoma” is a well-accepted terminology
in the spectrum of DICER 1-associated malignancies, the term “thyroblastoma” might be more convenient for these malignant teratoid
tumors of the thyroid gland. Relationship of thyroblastoma to the DICER1 syndrome remains to be addressed.

Keywords Malignant teratoma - Teratocarcinosarcoma - Thyroid - Head and neck - Rhabdomyosarcoma - Germ cell tumor -
DICERI - Thyroblastoma

Introduction carcinoma in the elderly and less frequently, poorly differenti-

ated thyroid carcinoma. Primary teratomas of the thyroid gland

Poorly differentiated malignancies of the thyroid gland are un-
common. They mainly encompass anaplastic thyroid
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are very rare neoplasms of presumable germ cell origin [1].
They represented < 0.1% (24/27,934) of all benign and malig-
nant thyroid tumors at the former AFIP Institute [2]. In 2000,
Thompson et al. reported a series of 30 primary thyroid terato-
mas and found some 250 case reports on cervical (including
thyroid) teratomas in the literature prior to 2000 [2]. To date,
300 cases have been reported in the literature, mainly as single
case reports with rare series of up to 11 cases [3—5]. Thyroid
teratomas present as large masses (up to 13 cm) with a mean
tumor size of 6 cm [2, 3]. Clinically and histologically, thyroid
teratomas are subgrouped into two categories: mature and
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immature teratomas and so-called malignant teratomas. Mature
and immature teratomas recapitulate their gonadal and other
extra-gonadal counterparts as they feature trilineage differenti-
ation along the three germ layers but with highly variable pro-
portions and degree of maturity [1-3]. Males and females are
affected equally with considerable proportion of congenital and
neonatal cases (mean age, < 10 years) [1, 2]. Half of the cases
were histologically immature [1, 2]. Clinical outcome of
mature/immature teratomas is determined mainly by age at pre-
sentation, tumor size, and extent of immature component but is
generally excellent [2, 3].

So-called malignant teratomas, on the other hand, are
much rarer and affect almost exclusively adults, with a highly
aggressive clinical behavior leading to death of affected pa-
tients usually within first 2 years of diagnosis [2, 4]. Other
than neuroectodermal overgrowth of the neuroblastemal com-
ponent [2, 4], the presence of a heterologous (sarcomatous)
mesenchymal component has not been emphasized in previ-
ous reports on malignant thyroid teratomas [2, 3]. We herein
describe three cases of a highly aggressive thyroid malignancy
combining teratoid epithelial component with extensive pre-
dominant heterologous (mainly rhabdomyoblastic) primitive
mesenchymal overgrowth. While histogenetic relationship of
these variants to immature teratomas and sarcomatoid yolk sac
tumors is still not fully understood, current evidence suggests
a distinct group of teratoid blastoma-like malignancies unre-
lated to genuine teratomas of the thyroid. We propose the term
thyroblastoma to distinguish this highly lethal disease and
separate it from conventional thyroid teratoma. If properly
classified, the genetic background, possible heredity, biologi-
cal properties, and therapeutic options of this poorly charac-
terized aggressive malignancy would then be better addressed
in the future.

Materials and methods

Two cases (cases 1 and 3) were identified routinely and one
(case 2) in the consultation files of the authors. Tissue speci-
mens were formalin-fixed and processed routinely for histo-
pathological evaluation. Immunohistochemistry (IHC) was
performed on 3-pum sections cut from paraffin blocks using
a fully automated system (“Benchmark XT System”, Ventana
Medical Systems Inc., 1910 Innovation Park Drive, Tucson,
AR, USA) and the following antibodies: thyroglobulin (Clone
2H11 + 6E1, RTU, Cell Marque, Rocklin, CA), calcitonin
(Clone SP17, RTU, Cell Marque, Rocklin, CA), TTF1 (clone
8G7G3/1, dilution, 1:500, Zytomed Systems, Berlin,
Germany), PAXS8 (rabbit polyclonal, 1:50, Cell Marque),
pankeratin (clone AE1/AE3, 1:40, Zytomed), p63 (clone
SFI-6, 1:100, DCS), AFP (clone EP209, 1:150, Cell
Marque), CD117 (clone EP10, 1:100, Quartett), beta-HCG
(polyclonal, 1:3000, Dako), SALL4 (clone 6E3, 1:100,

@ Springer

Zytomed), gylpican-3 (clone 1 gl2, 1:200, Zytomed),
OCT3/4 (clone NINK, 1:100, Novocastra), D2—40 (clone
D2-40, 1:50, Zytomed), PLAP (clone 8A9, 1:25, Dako),
CD30 (clone Ber-H2, 1:40, Zytomed), NSE (clone BBS/NC/
VI-H1, 1:300, Dako), CD56 (clone MRQ-42, 1:100, CELL
MARQUE), TP53 (clone DO-7, 1:50, Dako), WT1 (clone 6F-
H2, 1:50, Dako), WT1-c-terminus (polyclonal, 1:50, Santa
Cruz), S100 (polyclonal, 1:2500, Dako), synaptophysin
(clone SY38, 1:50, Dako), CD34 (clone BI-3C5, 1:200,
Zytomed), desmin (clone D33, 1:250, Dako), myogenin
(clone F5D, 1:50, Dako), CDX2 (clone CDX2-88, 1:100,
DCS), CK20 (clone Ks20.8, 1:50, Dako), HepPar-1 (clone
OCHIES, 1:200, Dako), NUT (clone C52B1, 1:45, Cell
Signaling), TLE1 (polyclonal, 1:200, Santa Cruz),
SMARCBI/INII (clone MRQ-27, dilution, 1:50, Zytomed),
SMARCA4 (anti-BRG1 antibody, clone EPNCIR111A,
1:100, Abcam; Cambridge, UK), Ki-67 (clone 30-9, RTU,
Ventana, Tucson, Arizona), chromogranin A (Clone
LK2H10, 1/300, Cell Marque, Rocklin, CA), CD99 (Clone
013, RTU, Cell Marque, Rocklin, CA), GFAP (Clone GFA,
1/1000, DakoPatts, Denmark), and HMB45 (Clone HMB-45,
1/300, Cell Marque, Rocklin, CA).

Molecular testing

After careful manual microdissection, DNA was analyzed
from FFPE tumor tissue using the Maxwell© 16 system
(Promega, Madison, WI, USA) according to manufacturer’s
instructions. DICER] sequence analysis was performed using
the QIAseq Targeted Human Comprehensive Cancer Panel
according to manufacturer’s instructions (the list of the 160
genes is shown in the supplementary file). Bioinformatic eval-
uation of the sequencing data, including variant calling and
annotation, was done with the CLC Genomics Workbench
(QIAGEN, Redwood City, CA, USA). Low-quality variants
with a score under 200 were filtered out, as well as variants in
non-protein-coding regions, synonymous variants, and those
present in GnomAD with an allele frequency of over 1%. The
remaining variants were assessed for pathogenicity according
to ACMG/AMP criteria. The DICERI variants were classified
as described previously [6].

Case histories
Case 1

A 17-year-old male presented with a recent history of a rapidly
growing mid-cervical mass. Imaging confirmed the presence
of a mass diffusely infiltrating both thyroid lobes, mainly the
right lobe measuring 8.2 cm. Following frozen section exam-
ination, which suggested a malignant germ cell neoplasm,
subtotal thyroidectomy was performed with involved
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margins. This was followed by two cycles of germ cell
neoplasm-directed chemotherapy (cisplatin, etoposide and
ifosfamide, PEI) and then re-excision of the tumor bed.
Postoperative chemotherapy was continued with an additional
4 PEI cycles simultaneous to local radiotherapy. The patient is
alive under ongoing chemotherapy (three consolidating soft
tissue sarcoma cycles; 2x I’VAd, lxIZVA) & months after
initial diagnosis.

Case 2

The patient is a 17-year-old euthyroid female with a rapidly
growing, large mass in the thyroid with high values of anti-
thyroglobulin antibodies (196.5 (0—115) Ul/ml) and anti-
microsomal antibodies (1279.5 (0-35) Ul/ml). The ultrasound
examination documented a 6.3-cm mass involving both thy-
roid lobes and isthmus. Preoperative fine-needle aspiration
cytology was interpreted as suspicious for medullary carcino-
ma. The patient underwent total thyroidectomy. The patient
received two cycles of chemotherapy. The first of 3 days:
Etoposide (150 mg/m2) 250 mg, vincristine 2 mg (first day),
ifosfamide 2000 mg, and actinomycin (0.5 mg/m2) 0.8 mg.
The second of 4 days, approximately 1 month later: Beomycin
30 ng (first day), etoposide 200 mg, and cisplatin 45 mg. The
disease rapidly progressed into the mediastinum even after
chemotherapy, and the patient died of the disease 1 year after
the diagnosis.

Case 3

A 45-year-old woman with a history of multinodular goiter
(verified histologically as benign 3 years ago) was admitted
because of recent onset of dysphasia and painful rapid in-
crease in thyroid size over the previous 3 months. Clinical
examination showed an enlarged firm right thyroid lobe with
no lymphadenopathy. Laboratory investigations were normal.
Neck CT showed a 6.1 x 3.8 X 3.7 cm right lobe mass with
retrosternal extension. No other manifestations were seen on
thoracic and abdominal CT. FNA showed an unclassified high
grade sarcomatous neoplasm. The patient received a total thy-
roidectomy and recovered well postoperatively. Follow-up
was not available.

Pathological findings
Case 1

The surgical specimen consisted of right thyroid lobe of 4.8 x
3.2x2.5 cm and the left lobe of 4.8 x 3.8 x 1.8 cm. On cut-
surface, a gray-whitish to tan-yellow extensively necrotic
mass was seen replacing most of the right lobe and extending

variably into the left lobe (Fig. 1a). Areas of hemorrhages and
necrosis were prominent.

Histologically, the tumor was triphasic, composed mainly
of primitive small round to oval cells, disposed into variably
sized and shaped, occasionally communicating, compact ag-
gregates with foci of necrosis and brisk mitotic activity. The
periphery showed frequent palisading of the nuclei (Fig. 1b).
This cohesive component was surrounded by a variably cel-
lular primitive component of mainly spindled cells arranged
into elongated fascicles (Fig. 1¢). Within these areas and be-
tween cellular tumorous nodules were scattered epithelial
structures in different proportions surrounded by primitive
variably myxoid connective tissue stromal elements
(Fig. 1d). Apoptotic figures were abundant, as well as mitoses
(>20 mitoses per 10 HPF). The epithelial elements were
mainly tubular glands lined by fetal-type vacuolated columnar
epithelium with a variable rosette-like appearance and
periglandular cuffs of primitive stromal cells (Fig. 1d). Small
aggregates of fetal-type clear cell squamous epithelium were
seen (Fig. 1le). No cartilage, pilosebaceous elements, other
skin adnexal structures, or mature adult-type organoid tissues
were seen. Immature neuroepithelium was present focally
(Fig. le), but a malignant conventional germ cell component
was not detected. By IHC, the stromal component showed
diffuse expression of desmin (Fig. 1f) and myogenin
(Fig. 1g) but only very limited focal cytokeratin reactivity.
The small cell component expressed SALL4 diffusely
(Fig. 1h) and glypican-3 and synaptophysin focally but was
negative with all other markers. TP53 IHC showed very
strong mutation-type reactivity in the compact small cell com-
ponent but a wild-type pattern in the mesenchymal stromal
component. Pankeratin, TTF1, PAXS, and variably CD56
were expressed in the scattered tubules. Neuroepithelial-like
foci expressed NSE and synaptophysin. All other markers
listed above in the method section including germ cell
markers, thyroglobulin, calcitonin, chromogranin A,
cytokeratin 20, CEA, p63, CD99, NUT, HMB45, S100 pro-
tein, GFAP, and neurofilament were negative. Nuclear
SMARCAA4 expression was retained in the different tumor
components. The surrounding (residual) thyroid tissue
showed no evidence of goiter.

Case 2

The surgical specimen disclosed a whitish and heterogeneous
6-cm nodule with infiltrative margins on cut surface (Fig. 2a).
Histologically, the nodule corresponded to an infiltrative neo-
plasm with invasion of the perithyroidal adipose tissue and
vascular invasion. The neoplasm had 3 components: a small
cell undifferentiated/immature component (Fig. 2b, ), a tubu-
lar component, and a stromal component (Fig. 2d, e). The
small cell component was composed of cells with scant cyto-
plasm and round to oval nuclei, arranged in nest with comedo-
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<« Fig.1 Representative images of case 1. a Highly infiltrative growth amid
thyroid tissue. Most areas show biphasic growth with cohesive basophilic
large columnar cells surrounded by cellular mesenchymal-type stroma (b;
higher magnification of spindled stroma in ¢). d _Primitive intestinal-type
and respiratory-type tubules are seen, focally encased by primitive small
cell stroma. e Tubules and clear cell squamoid nests are surrounded by
neuroepithelial-type matrix. The stromal component strongly expressed
desmin (f) and myogenin (g). SALL4 was limited to the cohesive
epithelial-like component (h)

type necrosis (Fig. 2b, ¢). Apoptotic figures were abundant, as
well as mitoses (>20 mitoses per 10 HPF), including atypical
mitoses. The tubular component was dispersed throughout the
neoplasm and was composed of tubular structures with one or
two layers of bland-looking cuboidal cells. The stromal com-
ponent was exuberant and contained immature spindle cells,
as well as mature and immature cartilage nests (Fig. 2d).
The small cell component expressed TTF1, NSE,
glypican3, SALLA4 (Fig. 2f), and Ki-67 in > 90% of the cells.
Expression of thyroglobulin, calcitonin, chromogranin A,
synaptophysin, AE1AE3, cytokeratins 8/18, cytokeratin 20,
CEA, p63, CD99, NUT, HMB45, desmin, S100 protein,
GFAP, neurofilament, CD30, and CD45 were not detected
in the small cells. The stromal component expressed desmin
(Fig. 2g), myogenin, S100 protein, CD99, and focally p63.
The tubular component expressed AE1/AE3, cytokeratins
8/18, p63 (Fig. 2h), and TTF1. EWSRI rearrangements were
not detected. Nuclear SMARCA4 expression was retained in
the different tumor components. Figure 2 illustrates represen-
tative examples of the histological and immunohistochemical
features of this case. Nuclear SMARCA4 expression was
retained in the different tumor components. The surrounding
(residual) thyroid tissue showed no evidence of goiter.

Case 3

This case was also composed of three components but differed
in some aspects (Fig. 3a, b, ¢). The mesenchymal component
comprised > 50% of the tumor and corresponded to large cell
pleomorphic undifferentiated sarcomatous malignancy similar
to the so-called MFH of the soft tissue (“UPS”) and contained
focal areas with bizarre multinucleated cells. The epithelial
component was either in the form of scattered glands and
glomeruloid structures or was represented by focally confluent
predominantly epithelial areas composed of tubules, solid ag-
gregates, and glomeruloid structures similar to epithelial
Wilms tumor of the kidney (Fig. 3a, b, ¢). Primitive tubular
glands and neuroepithelial rosette-like glands were seen as
well. Microscopic foci of mature and immature cartilage were
seen (Fig. 3a), but none contained mature organoid adult-type
structures, pilosebaceous or skin adnexal structures. Focal
fetal-type tubules lined by clear cells were seen (Fig. 3d).
The epithelial component co-expressed TTF1 and PAXS,

suggesting a thyroid-like line of differentiation. Notably,
PAXS (Fig. 3e) and TTF1 (Fig. 3f) showed an inverse reac-
tivity to each other, although a subset of cells seems to co-
express both to a variable extent. The primitive stromal com-
ponent amid the epithelial glands expressed TTF1 variably
(Fig. 3g), desmin (Fig. 3h), and myogenin. SALL4 was
strongly but variably expressed in both the epithelial and the
sarcomatous component (Fig. 31). All other specific germ cell
markers (OCT-3/4, beta-HCG, AFP, PLAP, CD30 and D2—
40) as well as the lineage-specific markers listed above were
negative. Nuclear SMARCA4 expression was retained in the
different tumor components.

Molecular results

Sufficient tumor tissue was available for molecular testing in
case 1 and case 2. In case 1, a known DICERI ‘“hotspot”
somatic missense mutation (p.Aspl1709Asn; ¢.5125G > A)
was found. This mutation occurs in an exon that encodes part
of the RNAse IIIB domain, which is critical for the correct
cleavage of hairpin precursor microRNAs to their mature
products [7, 8]. Case 2 was also found to possess a known
pathogenic missense mutation in DICERI p.Gly1809Arg.
This is an established somatic mutation, in same RNAse
IIIB domain as p.Asp1709Asn. In both cases, the variant allele
frequency was consistent with these variants being present in
the heterozygous state (Table 1). There was no evidence of a
“second hit” in DICER] in either tumor. Other variants likely
to be associated with thyroid cancer were not found. In addi-
tion to these DICER] variants, a pathogenic variant in 7P53
(c.400 T>; p.Phe134Leu) was found in case 1, consistent with
the mutation-type reactivity seen on IHC in this tumor. This
variant appears to be present at a heterozygote allele
frequency.

Discussion

The tumor type we are describing herein has been likely in-
cluded in the spectrum of what has been named “malignant
thyroid teratoma” in the past. Although this term has been
largely limited to a subset of thyroid gland malignancies be-
lieved to be of germ cell origin, there has been no convincing
rational to distinguish immature from malignant teratoma on
the basis of morphology alone. Moreover, the terms “imma-
ture” and “malignant” are not established histological catego-
ries in the pathology of gonadal germ cell neoplasms. Hence,
distinction of immature from so-called malignant thyroid ter-
atoma has relied mainly on the distinctive demographic and
prognostic differences between the two disease categories.
Immature thyroid teratomas are essentially neonatal or pedi-
atric diseases with excellent outcome after complete surgical
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<« Fig. 2 Representative images of case 2. a Macroscopic aspect of the
tumor. b HE, nested pattern with necrosis and rich stromal component.
¢ HE, small cell component with apoptotic and mitotic figures. d HE,
chondroid matrix and cellular stroma. e HE, small cell (top) and epitelial
tubular component (bottom). f SALL4 in the small cell component. g
Desmin in the stromal component. h p63 in the epitelial component

removal [2, 3]. On the contrary, so-called malignant teratoma
is a disease of adults and the elderly with a mean age at diag-
nosis of >40 years. At same time, this variant is highly ag-
gressive with the majority of affected patients succumbing to
their disease sooner after diagnosis or treatment trials [2, 3, 4,
5]. In line with their germ cell origin, genuine mature/
immature thyroid teratomas frequently contain tissue deriva-
tives from all three germ cell layers, including, in particular,
different types of mature organoid adult-type epithelia
admixed with pilosebaceous units and other skin adnexal
structures [2, 3]. Immature neuroblastemal tissue elements
are seen in immature cases [2].

The current cases, however, display many significant differ-
ences from the reported malignant thyroid teratomas, suggesting
it might represent a different entity. In particular, reported thyroid
teratomas only rarely show overt sarcomatous (mainly primitive
rhabdomyoblastic) stromal overgrowth, similar to our cases [12].
Myo-Dl1 is expressed however in immature mesenchymal areas
of some teratomas, indicating early skeletal muscle differentia-
tion [2]. On the other hand, mature and immature tissue deriva-
tives of neuroectodermal origin as a hallmark feature in the ma-
jority of mature and immature teratomas were either lacking or
limited in our cases. Likewise, the absence of a conventional
germ cell component and the expression of classical germ cell
markers other than SALL4 are strong arguments against a true
germ cell origin.

In line with a distinct clinicopathological and molecular entity,
malignant teratomas lack isochromosome 12, a genetic hallmark
in the majority of germ cell neoplasms [9, 13—16]. Rabinowits
et al. reported in 2017 for the first time the presence of a patho-
genic DICER mutation (c.5438A > G; p.GIn1813Glu) in a case
of malignant thyroid teratoma in a 59-year-old female [9]. The
tumor revealed a primitive neuroectodermal tumor (PNET)-like
transformation. The authors linked the DICER] mutation to the
PNET-like transformation [9]. Sequencing of paired tumor and
normal tissue samples indicated a somatic nature of the detected
DICER] mutation [9]. During preparation of this study, another
paper was published by Rooper et al. describing pathogenic
DICERI mutations in 4 of 4 malignant but in none of 4
mature/immature thyroid teratomas [11]. The age of onset (29
to 65 years) and negative family history suggested that the
DICERI variants identified were somatic in nature [11] and they
stay in sharp contrast to those inherited DICER1-related neo-
plasms [17, 18]. Our current study confirmed the presence of
pathogenic DICER] missense mutations, occurring in exons

encoding the critical RNase IIIB domain of DICERI in two
tumors. No second hits were seen, and the allele frequency of
the variants is consistent with retention of heterozygosity.

The question may be raised as to whether our current cases (in
particular case 3) might represent genuine carcinosarcomas.
Indeed, case 3 has been originally diagnosed as such. In the
current WHO classification [19], carcinosarcoma is considered
a morphological pattern in the spectrum of anaplastic carcinoma
and not as a distinctive entity. To date, some 30 cases of #yroid
carcinosarcoma have been reported [10, 20]. However, the term
carcinosarcoma has been used inconsistently for neoplasms com-
bining a differentiated conventional (mostly follicular or papil-
lary) carcinoma component and a sarcomatoid component.
Accordingly, it is likely that some if not the majority of those
reported carcinosarcoma cases represented dedifferentiated fol-
licular carcinomas or anaplastic carcinoma variants [19, 20].
More importantly, the carcinosarcoma case reported by Yang
et al. affected a 45-year-old female, showed similar teratoid
glands as in our cases, and revealed a DICER] mutation in the
tumor, confirming similarity to our cases and to the cases report-
ed by Rooper et al., both histologically and genetically [10, 11].
Although we could not obtain molecular findings for our case 3,
this case was very similar to the DICER 1-mutated case reported
by Yang et al. (both affected females aged 45), suggesting that
also case 3 belongs to the same disease spectrum as cases 1 and
2. Moreover, our three cases are distinct from poorly differenti-
ated thyroid carcinoma of childhood and adolescence, a recently
reported entity characterized by DICER] mutations as well [21].
This poorly differentiated thyroid carcinoma variant does not
contain teratoid or heterologous mesenchymal components [21].

Spindle epithelial tumor with thymus-like elements (SETTLE)
is another mixed epithelial and stromal thyroid neoplasm with
presumed branchial cleft-like differentiation [22]. Indeed, the
terms “thymoblastoma or thyroblastoma’ were discussed as pos-
sible explanation for the varied histology of SETTLE [22, 23].
However, the prominent teratoid pattern, the uniformly high-
grade morphology with brisk mitotic activity, necrosis, pleomor-
phism and other frankly malignant features, and the uniformly
highly aggressive clinical course are not features of SETTLE
[24]. A recent NGS study did not show any DICERI mutations
or consistent molecular findings in SETTLE [25].

Due to its favorable prognosis, the rare entity “carcinoma
of the thyroid with Ewing family tumor elements (CEFTE)”,
also called adamantinoma-like Ewing family tumor, should be
recognized and distinguished from thyroblastoma and other
aggressive thyroid malignancies with monomorphic small
basaloid cells [26, 27]. At variance with the cases reported
herein, CEFTE expresses consistently p63 and CD99 and har-
bors the typical EWSRI/FLII rearrangement [28].

The DICERI syndrome represents an emerging inherited
multineoplastic disorder caused by germline DICER] gene mu-
tations and characterized by an array of topographically and phe-
notypically diverse neoplasms of benign, low-grade, or

@ Springer



Virchows Arch (2020) 477:787-798

794

pringer

Qs



Virchows Arch (2020) 477:787-798

795

<« Fig. 3 Representative images of case 3. a Biphasic (right) and epithelial/
tubule-predominant areas were seen juxtaposed in this area, note centrally
located cartilage island. b The epithelial component was composed of
primitive tubules lined by basophilic columnar cells admixed with
glomeruloid papillary structures. ¢ Highly cellular sarcomatoid stroma
with scattered intestinal-type tubule and glomeruloid structures are seen.
d In some areas, fetal-type tubules lined by clear cells are evident.
Expression of PAXS8 (e) and TTF1 (f) is predominantly mutually
exclusive. Primitive small cell stroma shows variable expression of
TTF1 as well (g). Otherwise, the stroma was focally desmin-positive
(h) and diffusely SALL4 positive (i), note that tubules inconsistently
expressed SALL4 in i

aggressive nature [8, 17, 18]. Common to these neoplastic lesions
is the presence of hamartoma-like or teratoma-like admixture of
diverse tissue derivatives, frequently with a benign-looking
organotypical epithelial component such as seen in Miillerian
adenosarcoma, cervical embryonal rhabdomyosarcoma, and in-
tracranial sarcomas [8, 17, 18]. Notably, many of these DICER1-
associated neoplasms have some site dependent morphological
resemblance to the developmental stages in organogenesis,
resulting into a teratoid or blastomatous appearance in many of
them. Foci of cartilage are another common feature of several
DICER 1 -associated lesions and represent a strong histological
clue to suspicion of the disorder [29]. Indeed, the presence of
cartilage in these DICER1-related teratoid thyroid neoplasms
might have enhanced misinterpretation of malignant thyroid ter-
atoma as being related to genuine germ cell tumors. In this con-
text, it is worth mentioning that DICER! mutations are very
uncommon in germ cell neoplasms [30, 31].

The list of organ manifestations of the DICER1 syndromes
are growing steadily and encompass sinonasal (chondromyxoid
hamartomas), thyroid (multinodular goiter, poorly differentiated
carcinomas), gonadal (sex cord stromal tumors), genital (cervical
embryonal thabdomyosarcoma, Miillerian adenosarcoma), renal
(cystic nephroma and anaplastic sarcoma of kidney), thoracic
(pleuropulmonary blastoma), intracranial (pituitary blastoma,
pineoblastoma, PNET, sarcomas), and others [8, 17, 18, 21, 32].

Recently, malignant teratoid sacrococcygeal tumors occur-
ring in two infants and harboring pathogenic germline
DICER] mutations were reported [33]. The histology is highly
reminiscent of the cases we are describing herein and is similar
to those reported by Rooper et al. with a combination of imma-
ture teratoma-like and rhabdomyosarcoma-like areas and foci of
cartilage as well [11, 33]. Additional DICERI-associated neo-
plasms were diagnosed in one of the two children and a pre-
sumed intracranial metastasis in the other [33]. Genetic analysis
revealed biallelic pathogenic germline DICERI mutations in
both. The authors discussed the probability these teratoma-like
lesions being a novel DICER 1-related entity.

A last molecular pathogenetic point to address is the striking
similarity of the tumor we are reporting to sinonasal
teratocarcinosarcoma, a similarly aggressive primitive
multiphenotypic malignancy reported initially by Heffner and

Hyams as “malignant teratoma” and affecting predominantly
adults at a mean age of 60 years [34]. The molecular pathogen-
esis of this tumor remained elusive until our group recently iden-
tified recurrent SMARCAA4 loss as driver genetic event in the
majority of cases [35]. To verify any potential relationship be-
tween the two entities, we tested our current cases for
SMARCA4 expression; all showed retained nuclear reactivity,
excluding molecular relationship to sinonasal-type
teratocarcinosarcoma. Notably, a distinctive infantile pulmonary
teratoid tumor has been reported which harbored biallelic
SMARCA4 mutations [36]. Taken together, these very recent
studies highlight the existence of two distinctive categories of
aggressive malignant teratoid tumors unrelated to genuine germ
cell neoplasms: one driven by SMARCA4 inactivation and anoth-
er related to DICER] mutations.

Based on the above observations, we believe that the current
cases and possibly the majority of what has been called malig-
nant thyroid teratomas in the past are probably distinctive
DICER 1-related primitive malignant teratoid thyroid tumors that
are distinct from genuine mature and immature thyroid terato-
mas. The frequent presence of TTF1+/PAX8+ follicle-like struc-
tures indicates organotypical differentiation or primitive thyroid-
like elements. This observation is in line with several DICER1-
related primitive neoplasms that recapitulate the organ of origin,
a finding reflected in the predominance of the “blastoma’ termi-
nologies (pleuropulmonary blastoma, pineoblastoma, pituitary
blastoma, and others) for several DICER 1-related malignancies
[17, 18, 32]. Thus, in analogy to these many DICER1-associated
“organ blastomas,” we propose the term “thyroblastoma” for the
neoplasm under consideration. We believe that these cases rep-
resent another novel subtype of DICER 1-associated tumors, ir-
respective of being of sporadic or germline origin.

Looking at the 8 DICERI-mutated “thyroblastoma” cases
reported to date (Table 1), there is a striking predilection for
females (6 of 8) with an age range of 17 to 65 years (median,
43). Given that one previous case was reported as carcinosarco-
ma and one of our current cases (although without molecular
testing) was initially diagnosed as such, it is likely that this entity
is under-recognized and hides behind so-called malignant tera-
tomas, carcinosarcomas, or SETTLE. They have in common a
triphasic pattern composed of (1) TTF1+/PAXS8+ primitive
teratoid follicle-like glands admixed with neuroepithelial-like
and fetal tubule-like elements, (2) primitive small cell compo-
nent, and (3) variably cellular mesenchymal stroma with fre-
quent rthabdomyoblastic differentiation. Foci of cartilage are
common (4 of 7 cases). Follow-up was available for 7 patients
(range, 8—128 months; median, 12). Four patients died of dis-
ease at 10-53 months (median, 11.5). This underlines the almost
invariably highly aggressive course of thyroblastoma, in contrast
to the low malignant potential of some other organ blastomas.
Higher age at presentation and lack of personal or family history
of other neoplasms all argue for a sporadic neoplasm unrelated
to the inherited DICERI syndrome. Recognizing this variant,
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for which we propose the term “thyroblastoma,” and
distinguishing it from immature thyroid teratoma is mandatory
to better delineate its clinicopathological spectrum and critically
assess its possible association with the DICER1 syndrome.

Authors’ contribution AA, MSS, CE: Conception and design of the work,
acquisition, analysis and interpretation of data, drafting the MS, and revising
it critically for important intellectual content and scientific integrity.

LW, RS, JCCC, CAGM, AF, MB, KM, RMSA, AH, MM, SSA,
WDF: Acquisition, analysis and interpretation of data, and reading and
revising the MS critically for important intellectual content and scientific
integrity. All authors read and approved the final manuscript.

Funding Information Open Access funding provided by Projekt DEAL.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval Samples were used in accordance with ethical guide-
lines for the use of retrospective tissue samples provided by the local
ethics committee of the Friedrich-Alexander University Erlangen-
Nuremberg (ethics committee statements 24.01.2005 and 18.01.2012).

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article
are included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Furtado LV, Thompson LDR (2017) Germ cell tumours. In: Lloyd
RV, Osamura RY, Kloppel G, Rosai J (eds) WHO classification of
tumours of endocrine organs, 4th edn. IARC Press, Lyon, pp 139-141

2. Thompson LD, Rosai J, Heffess CS (2000) Primary thyroid terato-
mas: a clinicopathologic study of 30 cases. Cancer 88:1149-1158

3. Riedlinger WF, Lack EE, Robson CD, Rahbar R, Nos¢ V (2005)
Primary thyroid teratomas in children: a report of 11 cases with a
proposal of criteria for their diagnosis. Am J Surg Pathol 29:700-706

4. Vilallonga R, Zafon C, Ruiz-Marcellan C, Obiols G, Fort JM,
Baena JA, Villanueva B, Garcia A, Sobrinho-Simbes M (2013)
Malignant thyroid teratoma: report of an aggressive tumor in a
64-year-old man. Endocr Pathol 24:132-135

5. TingJ, Bell D, Ahmed S, Ying A, Waguespack SG, Tu SM, Weber
R, Zafereo M (2019) Primary malignant thyroid teratoma: an insti-
tutional experience. Thyroid 29:229-236

6. Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, Grody
WW, Hegde M, Lyon E, Spector E, Voelkerding K, Rehm HL
(2015) ACMG Laboratory Quality Assurance Committee.
Standards and guidelines for the interpretation of sequence variants:
a joint consensus recommendation of the American College of

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

Medical Genetics and Genomics and the Association for
Molecular Pathology. Genet Med 17:405-424

Foulkes WD, Priest JR, Duchaine TF (2014) DICER1: mutations,
microRNAs and mechanisms. Nat Rev Cancer 14:662—672

de Kock L, Wu MK, Foulkes WD (2019) Ten years of DICER1
mutations: provenance, distribution, and associated phenotypes.
Hum Mutat 40:1939-1953

Rabinowits G, Barletta J, Sholl LM, Reche E, Lorch J, Goguen L
(2017) Successful management of a patient with malignant thyroid
teratoma. Thyroid. 27:125-128

Yang J, Sarita-Reyes C, Kindelberger D, Zhao Q (2018 Jul 31) A
rare malignant thyroid carcinosarcoma with aggressive behavior
and DICER1 gene mutation: a case report with literature review.
Thyroid Res 11:11. https://doi.org/10.1186/s13044-018-0055-8
Rooper LM, Bynum JP, Miller KP, Lin MT, Gagan J, Thompson
LDR, Bishop JA (2020) Recurrent DICER1 hotspot mutations in
malignant thyroid gland teratomas: molecular characterization and
proposal for a separate classification. Am J Surg Pathol 44:826-833
Craver RD, Lipscomb JT, Suskind D, Velez MC (2001) Malignant
teratoma of the thyroid with primitive neuroepithelial and mesen-
chymal sarcomatous components. Ann Diagn Pathol 5:285-292
Starling CE, Sabra J, Brady B, Horton M, Traweek ST (2019)
Malignant teratoma of the thyroid: a difficult diagnosis by fine-
needle aspiration. Diagn Cytopathol 47:930-934

Poulos C, Cheng L, Zhang S, Gersell DJ, Ulbright TM (2006)
Analysis of ovarian teratomas for isochromosome 12p: evidence
supporting a dual histogenetic pathway for teratomatous elements.
Mod Pathol 19:766-771

Kao CS, Bangs CD, Aldrete G, Cherry AM, Ulbright TM (2018) A
clinicopathologic and molecular analysis of 34 mediastinal germ
cell tumors suggesting different modes of teratoma development.
Am J Surg Pathol 42:1662-1673

Idrees MT, Ulbright TM, Epstein JI (2019) Fluorescent in situ hy-
bridization analysis for 12p alterations in sarcomatoid yolk sac tu-
mors. Am J Surg Pathol 43:1566-1573

Foulkes WD, Bahubeshi A, Hamel N, Pasini B, Asioli S, Baynam G,
Choong CS, Charles A, Frieder RP, Dishop MK, Graf N, Ekim M,
Bouron-Dal Soglio D, Arseneau J, Young RH, Sabbaghian N,
Srivastava A, Tischkowitz MD, Priest JR (2011) Extending the pheno-
types associated with DICER1 mutations. Hum Mutat 32:1381-1384
Schultz KAP, Williams GM, Kamihara J, Stewart DR, Harris AK,
Bauer AJ, Turner J, Shah R, Schneider K, Schneider KW, Carr AG,
Harney LA, Baldinger S, Frazier AL, Orbach D, Schneider DT,
Malkin D, Dehner LP, Messinger YH, Hill DA (2018) DICER! and
associated conditions: identification of at-risk individuals and recom-
mended surveillance strategies. Clin Cancer Res 24:2251-2261
El-Naggar AK, Baloch ZW, Eng C, Evans HL, Fagin JA, Faquin
WC, Fellegara G, Franssila KO, Giuffrida D, Katoh R, Kebebew E,
Kondo T, Matias-Guiu X, Nikiforov YE, Papotti M, Smallridge R,
Sugitani I, Tallini G, Wakely PE, Westra WH, Wick MR, Williams
MD (2017) Anaplastic thyroid carcinoma. In: Lloyd RV, Osamura
RY, Kloppel G, Rosai J (eds) WHO classification of tumours of
endocrine organs, 4th edn. IARC Press, Lyon, pp 104-106
Agrawal M, Uppin SG, Challa S, Prayaga AK (2013)
Carcinosarcoma thyroid: an unusual morphology with a review
of the literature. South Asian J Cancer 2:226

Chernock RD, Rivera B, Borrelli N, Hill DA, Fahiminiya S, Shah
T, Chong AS, Aqil B, Mehrad M, Giordano TJ, Sheridan R, Rutter
MM, Dehner LP, Foulkes WD, Nikiforov YE (2020 Jan 14) Poorly
differentiated thyroid carcinoma of childhood and adolescence: a
distinct entity characterized by DICERI mutations. Mod Pathol.
https://doi.org/10.1038/s41379-020-0458-7

Chan JK, Rosai J (1991) Tumors of the neck showing thymic or
related branchial pouch differentiation: a unifying concept. Hum
Pathol 22:349-367

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s13044-018-0055-8
https://doi.org/10.1038/s41379-020-0458-7

798

Virchows Arch (2020) 477:787-798

23.

24.

25.

26.

27.

28.

29.

30.

3L

Cheuk W, Jacobson AA, Chan JK (2000) Spindle epithelial tumor with
thymus-like differentiation (SETTLE): a distinctive malignant thyroid
neoplasm with significant metastatic potential. Mod Pathol 13:1150-1155
Folpe AL, Lloyd RV, Bacchi CE, Rosai J (2009) Spindle epithelial
tumor with thymus-like differentiation: a morphologic, immunohis-
tochemical, and molecular genetic study of 11 cases. Am J Surg
Pathol 33:1179-1186

Stevens TM, Morlote D, Swensen J, Ellis M, Harada S, Spencer S,
Prieto-Granada CN, Folpe AL, Gatalica Z (2019) Spindle epithelial
tumor with thymus-like differentiation (SETTLE): a next-
generation sequencing study. Head Neck Pathol 13:162—-168
CruzJ, Eloy C, Aragiiés JM, Vinagre J, Sobrinho-Simdes M (2011)
Small-cell (basaloid) thyroid carcinoma: a neoplasm with a solid
cell nest histogenesis? Int J Surg Pathol 19:620-626

Eloy C, Oliveira M, Vieira J, Teixeira MR, Cruz J, Sobrinho-
Sim&es M (2014) Carcinoma of the thyroid with Ewing family
tumor elements and favorable prognosis: report of a second case.
Int J Surg Pathol 22:260-265

Bishop JA, Alaggio R, Zhang L, Seethala RR, Antonescu CR
(2015) 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 39:1267-1274
McCluggage WG, Apellaniz-Ruiz M, Chong AL, Hanley KZ,
Velazquez Vega JE, McVeigh TP, Foulkes WD (2020 Jan 27)
Embryonal rhabdomyosarcoma of the ovary and fallopian tube:
rare neoplasms associated with germline and somatic DICER1 mu-
tations. Am J Surg Pathol 44:738-747. https://doi.org/10.1097/
PAS.0000000000001442

Sabbaghian N, Bahubeshi A, Shuen AY, Kanetsky PA,
Tischkowitz MD, Nathanson KL, Foulkes WD (2013) Germ-line
DICER1 mutations do not make a major contribution to the etiol-
ogy of familial testicular germ cell tumours. BMC Res Notes 6:127
Witkowski L, Mattina J, Schonberger S, Murray MJ, Choong CS,
Huntsman DG, Reis-Filho JS, McCluggage WG, Nicholson JC,

Affiliations

Abbas Agaimy’

Coleman N, Calaminus G, Schneider DT, Arseneau J, Stewart CJ,
Foulkes WD (2013) DICER1 hotspot mutations in non-epithelial
gonadal tumours. Br J Cancer 109:2744-2750

32. LiBK, Vasiljevic A, Dufour C, Yao F, BLB H, Lu M, Hwang EI,
Gururangan S, Hansford JR, Fouladi M, Nobusawa S, Laquerriere
A, Delisle MB, Fangusaro J, Forest F, Toledano H, Solano-Paez P,
Leary S, Birks D, Hoffman LM, Szathmari A, Faure-Conter C, Fan
X, Catchpoole D, Zhou L, KAP S, Ichimura K, Gauchotte G,
Jabado N, Jones C, Loussouarn D, Mokhtari K, Rousseau A,
Ziegler DS, Tanaka S, Pomeroy SL, Gajjar A, Ramaswamy V,
Hawkins C, Grundy RG, Hill DA, Bouffet E, Huang A, Jouvet A
(2020) Pineoblastoma segregates into molecular sub-groups with
distinct clinico-pathologic features: a rare brain tumor consortium
registry study. Acta Neuropathol 139:223-241

33. Nakano Y, Hasegawa D, Stewart DR, Schultz KAP, Harris AK, Hirato
J, Uemura S, Tamura A, Saito A, Kawamura A, Yoshida M, Yamasaki
K, Yamashita S, Ushijima T, Kosaka Y, Ichimura K, Dehner LP, Hill
DA (2019) Presacral malignant teratoid neoplasm in association with
pathogenic DICER1 variation. Mod Pathol 32:1744-1750

34. Heffher DK, Hyams VJ (1984) Teratocarcinosarcoma (malignant
teratoma?) of the nasal cavity and paranasal sinuses a clinicopath-
ologic study of 20 cases. Cancer. 53:2140-2154

35. Rooper LM, Uddin N, Gagan J, Brosens LAA, Magliocca KR,
Edgar MA, Thompson LDR, Agaimy A, Bishop JA Recurrent loss
of SMARCAA4 in sinonasal teratocarcinosarcoma. Am J Surg
Pathol (in press)

36. de Kock L, Fahiminiya S, Fiset PO, Astigarraga I, Nguyen VH,
Albrecht S, Foulkes WD (2018) Infantile Pulmonary Teratoid
Tumor. N Engl J Med 378:2238-2240

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

- Leora Witkowski? « Robert Stoehr - Joseph Christopher Castillo Cuenca? -

Carlos Alberto Gonzalez-Muller* - Alfred Briitting* - Markus Bahrle* - Konstantinos Mantsopoulos® «
Randa M. S. Amin® - Arndt Hartmann - Markus Metzler” - Samir S. Amr® - William D. Foulkes>®° .

Manuel Sobrinho-Simées ''"'>'3 . Catarina Eloy

1

10,11,12

Institute of Pathology, University Hospital Erlangen,
Erlangen, Germany

Departments of Human Genetics, McGill University,
Montreal, Quebec, Canada

Instituto de Anatomia Patologica Arias Stella, Lima, Peru

Department of Surgery, Malteser Waldkrankenhaus,
Erlangen, Germany

Department of Otorhinolaryngology, Head and Neck Surgery,
University of Erlangen—Nuremberg, Erlangen, Germany

Department of Pathology, King Fahad Specialist Hospital,
Dammam, Saudi Arabia

Department of Pediatrics, University Hospital Erlangen,
Erlangen, Germany

@ Springer

8 Cancer Research Program, Research Institute of the McGill

University Health Centre, McGill University, Montreal, Quebec,
Canada

Cancer Genetics Laboratory, Lady Davis Institute, Jewish General
Hospital, McGill University Montreal, Montreal, Quebec, Canada

Instituto de Investigagdo ¢ Inovacdo em Saude, Porto, Portugal

Institute of Molecular Pathology and Immunology, University of
Porto, Porto, Portugal

Medical Faculty, University of Porto, Porto, Portugal

Department of Pathology, Centro Hospitalar S. Jodo,
Porto, Portugal


https://doi.org/10.1097/PAS.0000000000001442
https://doi.org/10.1097/PAS.0000000000001442
http://orcid.org/0000-0002-0445-8161

	Malignant...
	Abstract
	Introduction
	Materials and methods
	Molecular testing

	Case histories
	Case 1
	Case 2
	Case 3

	Pathological findings
	Case 1
	Case 2
	Case 3

	Molecular results
	Discussion
	References


