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Abstract

Chromosomal translocations with gene fusions are uniquely rare events in

paraganglioma, mostly involving UBTF::MAML3 gene fusion. Precedent literature

suggests that tumors involving MAML3 gene fusion correlate with poor clinical

outcomes. Herein, we report a case of metastatic sporadic paraganglioma harbor-

ing EWSR1::CREM gene fusion in a 36-year-old male, that has not been previously

described. The patient presented with large paraspinal mass that was resected the

same year. Tumor recurred 3-years later and on further work-up, patient was

found to have metastases involving both lungs. Histopathologic evaluation of the

original primary tumor showed tightly packed irregular nests and cords of cells

containing palely eosinophilic cytoplasm. Features considered atypical included:

areas of solid growth pattern, coagulative tumor necrosis, focal cellular atypia and

angiolymphatic invasion were also identified. By immunohistochemistry, the

tumor cells were positive for synaptophysin and chromogranin and negative for

keratin. The S100 stain highlights the sustentacular cells and the Ki-67 prolifera-

tion index of 15%. The recurrence specimen was similar but showed increased

cellularity, atypia, necrosis, and proliferative activity (Ki-67 proliferation index of

35%). CT guided biopsy of the right lung lesion was consistent with metastasis.

Next generation sequencing identified EWSR1::CREM fusion. The breakpoints

were found in chromosome 22: 29683123 for EWSR1 exon 7 (NM_005243.3) and

at chromosome 10:35495823 for CREM exon 6 (NM_001267562.1). Fluorescence

in situ hybridization for EWSR1 gene rearrangement was positive. In summary, we

report a case of metastatic paraganglioma with EWSR1::CREM gene fusion, not

previously described in this entity, and expands on the phenotypic diversity within

the genetic landscape of EWSR1::CREM gene fusion positive tumors.
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1 | INTRODUCTION

Paragangliomas are rare non-epithelial neuroendocrine tumors of

sympathetic or parasympathetic origin, that can occur in different

locations including head and neck, skull base, and paravertebral

region. Head and neck paragangliomas are extremely rare (accounting

for 0.6% of all head and neck tumors) and the carotid body is the most

common site for occurrence for these lesions.1 While it has been rec-

ognized that the majority of paragangliomas do not metastasize, a

subset of these tumors shows recurrent behavior2 and potential for

distant metastasis.3 Several features including the size and location

of tumor, histopathologic findings, proliferation index, levels of

plasma methoxytyramine, gene fusions involving MAML3, germline

mutations in SDHB and somatic mutations of SETD2/ATRX4 were

previously reported to be predictors of aggressive behavior.4–7World

Health Organization (WHO) in its most recent classification of para-

gangliomas and pheocytochromas has maintained a neutral stance

about the utility of most scoring systems based on these features but

the current conceptual framework defines all paragangliomas as

potentially malignant with variable risk for both locally aggressive

behavior and distant metastases.8

Cyclic AMP element modulator (CREM), a member of the CREB

family of transcription factors, is a transcription factor that is expressed

widely in human tissue and regulates the expression of other genes.9

The EWS RNA binding protein 1 (EWSR1) regulate a variety of cellular

processes including gene expression and RNA processing. EWSR1 gene

rearrangements are frequently seen in a growing number of epithelial

and soft tissue tumors.10 On the other hand, CREM gene rearrange-

ments are relatively novel and infrequent, compared to other members

of the CREB transcription factors (inclusive of ATF1 and CREB1), and

occur commonly in partnership with EWSR1.9,11 They have been

reported in a variety of unrelated phenotypical diverse epithelial and

mesenchymal tumors with differing prognosis including: hyalinizing

clear cell tumors of oral cavity and oropharynx, myxoid mesenchymal

tumors, angiomatoid fibrous histiocytoma, abdominal epithelioid neo-

plasm, spindle/small cell carcinoma, clear cell odontogenic neoplasm,

and pulmonary mesenchymal neoplasm12–27

Herein, we report for the first time, a unique case of a meta-

static sporadic paraganglioma harboring a unique EWSR1::CREM

gene fusion, in a 36 year old male. To the best of our knowledge,

this is the first case of metastatic paraganglioma harboring the

EWSR1::CREM gene fusion. This report expands the molecular

genetics of metastatic paragangliomas and adds to the growing list

of phenotypically diverse benign and malignant epithelial and mes-

enchymal tumors harboring the EWSR1::CREM gene fusion. The

biologic consequence and clinical significance of this gene fusion

remains to be elucidated.

2 | MATERIAL AND METHODS

2.1 | Immunohistochemistry

Immunohistochemical stains using the following commercially

available antibodies were performed using the Leica Bond III auto-

stainers (Leica Biosystems): Calretenin (Dako, DAK.CALRET.1,

1:600), Chromogranin (Cell Marque, LK2H10, 1:300), Ki67 (Dako,

MIB-1, 1:400), S100 (Dako, Rabbit polyclonal, 1:3000), Synaptophy-

sin (Leica, 27G12, 1:450), CAM 5.2 (BD, CAM5.2, 1:80), AE1/3

(Dako, AE1&AE3, 1:1200), CD56 (Dako, 123C3, 1:100), CD117

(Dako, Rabbit polyclonal, 1:400), EMA (Dako, E29, 1:700), GFAP

(Dako, Rabbit polyclonal, 1:10000), HMB45 (Dako, HMB45, 1:100),

Melan A (Dako, A103, 1:600), PAX8 (Epitomics, EP298, 1:100), PLAP

(Dako, 8A9, 1:25), Progesterone Receptor (Dako, PgR636, 1:600),

GATA3 (Biocare, L50-823, 1:400). All protocols were developed by

and performed at the OSU Wexner Medical Center Clinical Labora-

tory, 410 West 10th Avenue, Doan Hall 310, Columbus, OH 43210.

All positive and negative controls showed appropriate staining.

2.2 | Next-generation sequencing

DNA sequencing was performed at Caris Life Sciences, Inc. on

representative formalin fixed paraffin embedded tissue sections

as described previously.28 Briefly, DNA was extracted from the

tissue enriched for tumor by microdissection and was mechani-

cally sheared by ultrasonicator. DNA libraries were prepared and

hybridized to the probes. Amplification was performed and

the target captured amplified DNA libraries were sequenced on

Illumina HiSeq 4000. A custom designed assay SureSelect XT by

Agilent was used to enrich 592 whole-gene targets. All variants

were detected with a >99% confidence based on amplicon cover-

age and allele frequency. The average sequencing depth of cover-

ing was >500 and analytical sensitivity was 5%. The versioned

reference identifier used for the transcript ID was Feb.2009

(GRCh37/hg19).

For detection of gene fusions, mRNA was isolated from the for-

malin fixed paraffin embedded tissue using the Agilent SureSelect

XT Low input library preparation reagent kit in conjunction with

SureSelect Human All Exon V7 panel and Illumina NovaSeq as

described previously.29 Prior to molecular testing, tumor enrich-

ment was achieved by harvesting targeted tissue using manual

microdissection techniques. This assay is designed to detect fusions

occurring at known and novel breakpoints within genes. The ver-

sioned reference identifier used for the transcript ID was Feb.2009

(GRCh37/hg19).
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2.3 | Fluorescence in situ hybridization

Interphase fluorescence in situ hybridization (FISH) analysis was per-

formed on a 4-μm unstained section of representative formalin-

fixed, paraffin-embedded tissue using a 2-fluorophore labeled break

apart probe set (Abbot Molecular) designed to hybridize EWSR1

translocation breakpoint. Hybridization signals were scored in

100 interphase tumor cells. The cut off level for scoring was 15% for

dual color probe system.

3 | RESULTS

3.1 | Case report

The patient is a 36-year-old male with a history of neck pain and a

large (5 cm), palpable paraspinal neck mass that was resected in 2016

and confirmed as paraganglioma on histopathological exam. There

were no associated episodic headaches, increased sweating, and

tachycardia, referable to labile hypertension. Patient presented to the

F IGURE 1 Microscopic and immunohistopathological features of primary, recurrent and metastatic lesion. Panel A shows tumor cells
organized in a conventional organoid pattern (40�). Panel B shows area of the lesion with a solid growth pattern (40�). Panel C shows cells with
infiltrative growth pattern (40�). Panel D shows area of necrosis within the tumor (40�). Panel E shows area with lymphovascular invasion (40�).
Panel F shows tumor cells with strong diffuse positive immunoreactivity to synaptophysin (40�). Panel G shows tumor cells with positive

immunoreactivity to chromogranin (40�). Pane H shows sustentacular cells showing immunoreactivity to S100 (40�). Panel I shows reactivity of
tumor cells to Ki67 (40�). Panel J shows tumor cells organized in a conventional organoid pattern (40�). Panel K shows area of necrosis (20�).
Panel L shows tumor cells showing strong diffuse immunoreactivity to synaptophysin (40�). Panel M shows tumor cells showing diffuse
immunoreactivity to chromogranin (40�). Panel N shows immunoreactivity of sustentacular cells to S100 (40�). Panel O shows reactivity of
tumor cells to Ki67 (40�). Panel P shows histological features of tumor cells in metastatic lesion in lung (40�). Panel Q shows strong diffuse
immunoreactivity to synaptophysin (40�). Panel R shows focal immunoreactivity of tumor cells to chromogranin (40�). Panel S shows
immunoreactivity of sustentacular cells to S100 (40�).
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medical oncology clinic 3 years after the initial resection with a chief

complaint of a new mass, about 6 cm in greatest dimension, in the

neck. A PET scan also detected the presence of lesions in lungs bilat-

erally. The new tumor was excised, and histopathological exam con-

firmed the presence of recurrent paraganglioma. Patient was treated

with external beam radiation therapy and systemic chemotherapy. A

CT guided biopsy was performed for the lesion in right lung, and it

was confirmed to be metastatic paraganglioma.

The histopathologic examination of the first (primary) resection was

considered diagnostic of paraganglioma. The lesion consisted of tightly

packed irregular nests and cords of polygonal cells with pale eosino-

philic cytoplasm with focal nuclear atypia (Figure 1A–I). Unique to this

case were the presence of atypical features, including solid and infiltra-

tive growth pattern, coagulation tumor necrosis and rare intravascular

tumor emboli. By immunohistochemistry, the tumor cells were positive

for synaptophysin, chromogranin and negative for calretinin, Cam 5.2,

AE1/3, CD56, CD117, EMA (Epithelial Membrane Antigen), GATA3,

GFAP, HMB45, Melan A, PAX8, PLAP and Progesterone Receptor. The

S100 stain highlighted the sustentacular cells. In keeping with the non-

functional nature of the tumor, plasma levels of free metanephrine and

F IGURE 2 EWSR1::CREM fusion identified by next generation sequencing and confirmed by FISH. Panel A shows schematic for the EWSR1::
CREM fusion identified by next generation sequencing. Panel B shows EWSR1 breakapart FISH demonstrating split red and green signal indicating
translocation of the gene.
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TABLE 1 Summary of reported tumors including indexed case with EWSR1::CREM gene fusion

Diagnosis Site Morphologic features

Age

(years)/sex

(M/F)

Number of

cases Genomic breakpoint Reference

Metastatic

paraganglioma

Neck Polygonal cells with focal nuclear atypia, solid

and infiltrative growth pattern, tumor necrosis,

intravascular tumor emboli

36/M 1 EWSR1 exon 7

CREM exon 6

Indexed case

Myxoid mesenchymal

tumor

Pelvis/distal

extremities

Cranium

Cranium

Pelvis/cranium

Cranium

Multinodular growth of epithelioid to spindle

shaped cells arranged in nests and cords,

fibromyxoid stroma, scattered lymphocytes

Spindled/histiocytoid cells with pale

eosinophilic cytoplasm

Prominent myxoid background

Ovoid/round cells with eosinophilic cytoplasm

Heterogenous growth pattern with alteration

in cell density

Myxoid and chondroid stroma

Round/ovoid cells with pale cytoplasm

Alteration in cell density

Myxoid background

Monomorphic/mildly atypical cells with oval to

spindled nuclei

Myxoid matrix

Vague nodular architecture

33/F

55/F

65/F

9/M

20/F

15/F

18/M

2

1

1

2

1

EWSR1 exon 10

CREM exon 7

EWSR1 exon 8

CREM exon 8 and 9

EWSR1 exon 7

CREM exon 7

Not reported

EWSR1 exon 14 or

15

CREM exon 7 or

intron 6

EWSR1 intron 9

CREM intron 3

Lee et al. 202212

Kambe et al. 202127

White et al. 201916

Kao et al. 201718

Bale et al. 201719

Myxoid angiomatoid

fibrous histiocytoma

Neck

Cranium

Lung/distal

extremities

Cranium

Cranium

Syncytial cells in myxoid stroma, multinodular

growth and pseudoangiomatoid spaces

Polygonal/spindle shaped cells with

eosinophilic cytoplasm and vesicular nucleus

Small capillaries

Myxoid stroma

Multinodular myxoid growth, round to

spindled cell, prominent lymphoid cuff

Round to spindle shaped cells with clear to

eosinophilic cytoplasm

Alteration in cell density

Collagenous to myxoid stroma

Atypical histiocytic clear cells with round

nuclei,

Focal myxoid areas

43/F

29/M

47/M

50/M

54/M

19/M

Recurrence

at age of 29

52/M

1

1

3

1

1

EWSR1 exon 13

CREM exon 6

EWSR1 exon 7

CREM exon 7

Not reported

EWSR1 exon 7

CREM exon 13

Not reported

Lee et al. 202212

Tan et al. 202115

Yoshida et al. 201926

Gareton et al. 201817

Gilbert et al. 202225

Spindled/small cell

carcinoma

Liver

Abdomen/chest

cavity

Uniform oval to spindle shaped cells with

indistinct cytoplasm

Hyalinized stroma

Small oval to round spindle cells, delicate

collagen, and high mitotic activity

15/M

15/M

63/M

1

2

EWSR1 exon 11

CREM exon 7

EWSR1 exon 11

CREM exon 7

EWSR1 exon 14

CREM exon 7

Shibayama et al. 202213

Originally reported in

Yoshida et al. 201926

Yoshida et al. 201926

Clear cell carcinoma Buccal mucosa

Oropharynx

Tumor nests consisting of epithelioid and clear

cells

Partially hyalinized stroma

Sheets, nests, and cords of clear cells

Hyalinized stroma

69/F

68/F

75/F

62/M

1

3

Not reported

EWSR1 exon 14

CREM exon 5

Not reported for

case 2

EWSR1 exon 11

CREM exon 6

Hoshino et al. 202121

Chapman et al. 201820

Epithelioid

Neoplasm

Kidney Epithelioid cells with granular eosinophilic to

clear cytoplasm

Fibrous stroma

55/M 1 Not reported Agaimy et al. 202122

Clear cell odontogenic

carcinoma

Maxilla Clear cells and epidermoid cells arranged in

clusters

Hyalinized stroma

63/M 1 EWSR1 exon 9

CREM exon 4

Breik et al. 202124

Clear cell

mesenchymal

neoplasm

Lungs Cuboidal cells with clear cytoplasm

Hyalinized stroma

56/M 1 EWSR1 exon 14

CREM exon 6

Komatsu et al. 202023

Mesenchymal

neoplasm

Cranium Small round blue cells 31/M 1 EWSR1 exon 15

CREM exon 5

Liu et al. 202014

Clear cell sarcoma Distal extremities Spindle cells with amphophilic to clear

cytoplasm and monomorphic nuclei

49/F 1 Not reported Yoshida et al. 201926
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normetanephrine were within normal limits. Immunostaining was also

performed for the expression of SDHB and showed normal staining

pattern, indicating the absence of germline mutation in the genes of

succinate dehydrogenase (SDH) complex involving the SDHB, SDHC

and SDHD genes.30 The Ki-67 proliferative index was estimated to be

15% by manual quantitation. The microscopic evaluation of the recur-

rent resection specimen showed similar features except that there were

prominent solid and infiltrative growth patterns, punctuated by many

confluent areas of coagulation tumor necrosis (Figure 1J–O). By immu-

nohistochemistry, the lesional cells stained similarly as in the primary

tumor with the tumor cells positive for synaptophysin, chromogranin,

and S100 (in the sustentacular cells) and negative for multiple keratins,

confirming the diagnosis. However, the Ki-67 proliferation index was

increased to 35%. Further, the CT guided biopsy of a lung nodule also

shows the presence of histologically confirmed metastatic paragan-

glioma (Figure 1P–S).

Whole transcriptome RNA-Seq and DNA sequencing studies

were performed, and they identified EWSR1::CREM fusion (Figure 2).

The breakpoints were found in chromosome 22: 29683123 for

EWSR1 exon 7 (NM_005243.3) and at Chromosome 10:35495823 for

CREM exon 6 (NM_001267562.1). Previously, breakpoints for this

fusion gene have been reported on the exon 7, 8, 9, 10, 11, 13, 14,

and 15 for EWSR1 and exon 4, 5, 6, 7, 8, 9, and 13 for

CREM (Table 1). The tumor showed low mutational burden and had

stable microsatellite profile. No other targetable mutations were iden-

tified. Given the rather unexpected and unique molecular genetic pro-

file, we performed fluorescence in situ hybridization for EWSR1 gene

rearrangement to corroborate the results of the next generation

sequencing. FISH studies showed rearrangement of EWSR1 gene.

There was an abnormal pattern of hybridization for the probes span-

ning the gene at chromosome 22q12 that exceeded the established

threshold of 15%. The histological features and immunophenotypic

profile, confirmed the diagnosis of paraganglioma. After surgical re-

section of the secondary neck mass the patient underwent cytotoxic

chemotherapy with vincristine, cyclophosphamide and doxorubicin/

dacarbazine according to the protocol.31 The most recent imaging

studies performed 5 years after the primary diagnosis demonstrated

stable to slightly increased pulmonary parenchymal metastatic nod-

ules by chest CT scan and no evidence of residual/recurrent mass in

the posterior left neck by neck CT scan.

4 | DISCUSSION

We describe a case of a sporadic metastatic paraganglioma with a

unique EWSR1::CREM gene fusion in a 36-year-old male patient. To the

best of our knowledge, the EWSR1::CREM gene fusion has not been

previously described in paraganglioma. Historically, the pathologic diag-

nosis of metastatic paraganglioma is based on the presence of distant

metastasis and there are currently no established histopathologic

features or immunophenotypic profile that are considered predictive of

the aggressive phenotype. Pertinent to this case is the presence of de

novo atypical features at the time of original resection including

confluent growth pattern, coagulative necrosis and angiolymphatic

tumor emboli. The significance of this finding viz-a-viz the development

of metastasis is not clear, consistent with precedent literature.32,33

The clinical course of paraganglioma is unpredictable and some

cases show aggressive disease potential.2–4 While a significant portion

of these aggressive tumors are associated with germline cancer inher-

itable genes and well characterized, little is known of the sporadic

cases. The majority of the pediatric paragangliomas are associated

with certain germline genetic mutations. The mutations are classified

into three different clusters based on the mutations in genes regulat-

ing pseudohypoxia pathway, WNT and kinase signaling pathway.

Most pediatric paraganglioma harbor mutations in the genes regulat-

ing pseudohypoxia pathway such as SDHB, SDHD, and VHL.34 In the

case of our patient, no mutations in the known pathways were identi-

fied. It is also interesting to note that most of the studies into the

genetics of paragangliomas have identified mutations but very few

translocations have been reported.

In the metastatic setting, the treatment options are limited with

an overall poor prognosis.35 Metastases are usually seen in regional

and distant lymph nodes, lungs, liver, and bone.36 Although, not for-

mally endorsed by WHO, size and histological features of the tumor,

and levels of plasma methoxytyramine are considered to be the indi-

cators of metastatic disease.4,5,7 Additionally, a recent comprehensive

molecular genomic characterization of paragangliomas appears to sug-

gest that the molecular genetic determinants of aggressive paragan-

gliomas includes: SDHB germline mutations, gene fusions involving

MAML3 and somatic mutations involving ATRX.6 Chromosomal trans-

locations lead to the expression of chimeric proteins that are involved

in the tumorigenesis of solid organ malignancies including soft tissue

sarcomas, leukemias and lymphomas. However, chromosomal translo-

cations are rare events in paraganglioma. UBTF::MAML3 gene fusion

has been reported in sporadic cases of paraganglioma. The fusion

positive tumors were not histologically distinctive from the fusion

negative tumors. These tumors had an over expression of MAML3,

and it was speculated that this may cause an increase in the growth

rate of the tumors. The presence of MAML3 fusion gene appeared to

correlate with poor clinical outcome in these patients.6

EWSR1::CREM gene fusions were first described in melanoma cell

lines. Knockdown of expression of the fusion product led to a

decrease in cell proliferation and invasion of the tumor. The cells also

showed features of senescence indicating that the chimeric protein

plays an important role in the tumorigenesis.37 The gene fusion has

been detected in many phenotypically diverse epithelial and mesen-

chymal tumors including hyalinizing clear cell tumors of oropharynx,

buccal clear cell carcinoma, abdominal epithelioid neoplasms, pulmo-

nary mesenchymal neoplasm, clear cell odontogenic neoplasm, angio-

matoid fibrous histiocytoma, myxoid mesenchymal tumors, and

others.12–27 Table 1 summarizes reported cases with the EWSR1::

CREM gene rearrangement. The prognostic significance of the fusion

product is not known in all tumors. Furthermore, the biologic role of

this gene fusion in this case is unknown. To our knowledge, no thera-

peutic options are currently available for the EWSR1::CREM fusion

positive tumors. More studies are needed to identify the prognostic
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and therapeutic potential of this fusion gene. Importantly, this case

highlights the phenomenon of molecular pleiotropism that is increas-

ingly reported with the widespread use of next generation sequencing

platform in the routine clinical laboratory analysis of solid tumor

malignancies. With an increase in the availability of molecular genetic

testing, the possibility of identifying novel molecular alterations is

going to become more common. This underscores the pivotal role of

pathologists in integrating these molecular data in the morphological

and immunophenotypic examination of these tumors to provide a

rational and complete diagnosis and guide therapy.

In summary, we have presented a case of sporadic metastatic

paraganglioma harboring a unique EWSR1::CREM gene fusion. The

biologic consequence of this gene fusion in metastatic paraganglioma

remains to be determined. Prospective tumor accrual and comprehen-

sive molecular characterization may help uncover molecular genetic

subsets of metastatic paraganglioma that may have prognostic and/or

therapeutic implications.
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