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Nuclear expression of AFF2 C-terminus is a sensitive and
specific ancillary marker for DEK::AFF2 carcinoma of the
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DEK::AFF2 carcinoma of the sinonasal tract is an emerging entity. The tumor is typically characterized by papillary proliferation of
non-keratinizing squamous epithelial cells with monotonous cytologic features, which may mimic other sinonasal tumors. The
confirmation of this gene fusion has thus far relied solely on next-generation sequencing, fluorescence in situ hybridization (FISH),
or reverse transcription polymerase chain reaction (RT-PCR). This current study aimed to validate an immunohistochemical assay for
AFF2 C-terminus as an ancillary marker. We first analyzed publicly available RNA sequencing data of sinonasal tumors from the
national center for biotechnology information (NCBI) sequence read archive and identified 3 DEK::AFF2 carcinomas out of
28 sinonasal tumors. The gene expression of AFF2 was significantly higher in the fusion-positive cases compared to the wild-type
tumors (p < 0.001), while DEK was not. We then optimized an immunohistochemical assay with an anti-AFF2 C-terminus antibody
for ancillary diagnosis. Seventeen DEK::AFF2 carcinomas, including 11 cases with predominantly low-grade morphology and one
showing glandular differentiation, as well as 78 DEK FISH-negative sinonasal tumors were evaluated by AFF2 immunohistochemistry
(IHC). Sixteen of the 17 DEK::AFF2 carcinomas showed nuclear AFF2 expression in ≥30% of tumor cells, including one decalcified
case that failed FISH and RT-PCR confirmation. The one case that was negative for AFF2 IHC in the tumor cells also lacked
expression in the internal positive control. It was thus considered a failure of the IHC rather than a truly negative case and was
excluded from the statistical analysis. All DEK FISH-negative sinonasal tumors were negative for nuclear AFF2 expression. The
nuclear expression of AFF2 IHC showed 100% sensitivity and specificity for DEK::AFF2 carcinoma. Accordingly, AFF2 IHC is a highly
sensitive and specific ancillary marker that distinguishes DEK-AFF2 carcinoma from the other sinonasal tumors with overlapping
morphological features and may be an especially useful alternative for decalcified specimens.
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INTRODUCTION
DEK::AFF2 carcinoma is an emerging entity in the sinonasal tract,
middle ear, and skull base1–5. The DEK::AFF2 fusion-derived
peptides were shown to stimulate T cell activation through
binding to certain patient-specific human leukocyte antigens,
which may explain exceptional response to immune checkpoint
inhibitor therapy and highlights the potential clinical importance
to identify tumors with DEK::AFF2 fusions1. The histomorphologic

spectrum includes nonkeratinizing squamous cell carcinomas
(NKSCC) and rarely adenosquamous carcinomas (ADSC)4,5. The
tumor is characterized by papillary proliferation and inverted
growth of basaloid to nonkeratinizing squamous epithelial cells
with monotonous cytology, peripheral palisading, acantholytic
(discohesive) change, and dense neutrophilic infiltrates4,5. The
above features may mimic other tumors, especially various types
of sinonasal papilloma (SP) and its associated malignancy. To
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distinguish the DEK::AFF2 carcinoma from its mimickers is a
diagnostic challenge and molecular confirmation is mandatory. In
previous studies, the gene fusion testing relied solely on RNA-
based next-generation sequencing (NGS), fluorescence in situ
hybridization (FISH), or reverse transcription polymerase chain
reaction (RT-PCR)1–5. However, these molecular tests are neither
available nor cost-effective in most laboratories. A surrogate
immunohistochemistry (IHC)-based marker for DEK::AFF2 fusion
would be much more useful for routine pathological diagnosis.
The DEK gene on chromosome 6p22.3 is a proto-oncogene that

encodes DEK nuclear protein which binds to DNA with the SAP
domain6. Transcriptional upregulation of DEK has been found in
various cancer types7–9, including head and neck cancer.
Immunohistochemical expression of DEK protein has also been
reported in 64–100% of head and neck squamous cell carcinomas
(SCCs)10–12. The AFF2 gene on chromosome Xq28 is associated
with the fragile X E (FRAXE) syndrome. The encoded AFF2 protein
is a nuclear transcriptional activator that binds to RNA through its
C-terminal domain and is usually localized in nuclear speckles13.
The overexpression of AFF2 has never been reported in head and
neck cancers before. The fusion between DEK exon 7 and multiple
breakpoints in AFF2, including exon 4, 5, 6, and 9, expectedly
results in the translation of DEK::AFF2 chimeric proteins4. The
chimeric proteins carrying the major functional domains, the SAP
domain of DEK on the N-terminus and the C-terminal domain of
AFF2 on the C-terminus, are presumably overexpressed resulting
in tumorigenesis. Given the overexpression of DEK in most head
and neck SCCs, AFF2 is potentially a more specific target for IHC
detection of DEK::AFF2 carcinoma.
This study aimed to demonstrate the differential gene

expression of DEK and AFF2 among sinonasal tumors using
publicly available RNA sequencing (RNAseq) data and to validate
an anti-AFF2 C-terminus antibody as an ancillary immunohisto-
chemical marker for the diagnosis of DEK::AFF2 carcinoma.

MATERIAL AND METHODS
RNA sequencing data mining
To evaluate the incidence of DEK::AFF2 fusion and the differential gene
expression among SPs and carcinomas, we searched the literature on
PubMed using the keywords “sinonasal papilloma OR sinonasal carcinoma
AND RNAseq” for studies with available RNAseq data to the public. Fusion
detection was performed using the FusionMap bioinformatics tool14 and
was filtered for in-frame and canonical fusions. The RNA sequences of the
samples with detected DEK::AFF2 fusion were visualized on the Integrative
Genomics Viewer software (version 2.8.3, The Broad Institute, Cambridge,
MA, USA)15. The RNA reads were aligned to the reference genome
(GRCh38) by STAR16, and then converted to fragments per kilobase of exon
model per million reads mapped (FPKM) unit using HTSeq and customized
R script17. The gene expression level of DEK and AFF2 were compared
among the samples with or without DEK::AFF2 fusion.

Case selection
The study has been approved by the institutional review board (IRB) of
Taipei Veterans General Hospital (IRB no.: 2020-12-012CC) and the other
participant institutions. The DEK::AFF2 carcinomas were collected from the
surgical pathology archives of Taipei Veterans General Hospital and from
all of the various authors’ archives and consultation files. The DEK::AFF2
fusion was confirmed by either FISH and/or RT-PCR4 or NGS2. The clinical
information was obtained from the medical records. The histomorphology
was reviewed in details by two pathologists specialized in head and neck
pathology (YJK and JFH).
A collection of DEK::AFF2 fusion-negative sinonasal tumors with

morphologic overlap was selected through multi-institutional collaboration
as IHC controls. These included inverted papilloma (IP), oncocytic
papilloma (OP), SCC ex-IP, SCC ex-OP, NKSCC including low-grade papillary
Schneiderian carcinomas (LGPSC), keratinizing SCC, ADSC, poorly-
differentiated carcinoma including sinonasal undifferentiated carcinoma,
NUT carcinoma, SMARCB1-deficient sinonasal carcinoma, human papillo-
mavirus (HPV)-related multiphenotypic sinonasal carcinoma (HMSC),

nasopharyngeal carcinoma (NPC), teratocarcinosarcoma, non-intestinal
type adenocarcinoma, adamantinoma-like Ewing sarcoma (AES), olfactory
neuroblastoma, alveolar rhabdomyosarcoma, and ectopic pituitary ade-
noma. All control cases were evaluated for DEK::AFF2 fusion by DEK FISH as
previously described4. Several morphologic features, including exophytic
pattern, broad papillae, thin papillae, inverted growth pattern, anastomos-
ing labyrinth-like trabeculae, acantholytic change, monotonous cytomor-
phology, and neutrophilic infiltrates were reviewed for the DEK fusion-
negative SCCs ex-SP and NKSCCs to compare with the DEK::AFF2
carcinomas.

AFF2 immunohistochemistry
The AFF2 IHC using an anti-AFF2 C-terminus antibody against a.a.715-855
(HPA003139, dilution 1:100, Sigma-Aldrich, St. Louis, MO, USA) was
optimized on a BenchMark ULTRA system (Ventana, Tucson, AZ, USA)
using a selection of normal control tissues, including tonsil, salivary gland,
pancreas, placenta, cerebellum, and testis, as well as DEK::AFF2 carcinoma
specimens. The automatic staining protocol consisted of deparaffinization,
antigen retrieval with ULTRA CC1 (Ventana) at 100 °C for 32min, primary
antibody incubation at 36 °C for 2 h, OptiView HQ Linker (Ventana) for 8
min, OptiView HRP Multimer (Ventana) for 8 min, OptiView Amplification
kit (Ventana) for 8 min, and counterstaining with hematoxylin for 24min.
Four-micrometer formalin-fixed paraffin-embedded (FFPE) sections of the
DEK::AFF2 carcinomas and the control cases were used for the IHC. The
staining intensity (weak, moderate, or strong), percentage of stained tumor
cells, and staining localization (nuclear or cytoplasmic) were recorded.
Nuclear expression of any intensity in ≥30% of the tumor cells was
regarded as positive staining.

Statistical analysis
The means of RNA expression levels between two groups were compared
using Wilcoxon tests. For the performance of AFF2 IHC in the diagnosis of
DEK::AFF2 carcinoma, test sensitivity, specificity, and predictive values were
analyzed. The histomorphology between DEK::AFF2 carcinomas and DEK
FISH-negative tumors, with a focus on SCC ex-SP and NKSCC, were
compared using Fisher exact tests. Statistical analyses were performed
using R statistical software version 4.1.2 (R Foundation for Statistical
Computing, Vienna, Austria). Two-tailed p values < 0.05 were regarded
statistically significant.

RESULTS
DEK::AFF2 fusion detection in archived RNA sequencing data
Four published studies were identified on PubMed using the
keywords (last accession date: November 26th, 2021). Among
them, one study had RNAseq data that can be downloaded from
the national center for biotechnology information (NCBI)
sequence read archive (Reference No.: PRJNA507589)18. The study
cohort consisted of consecutive patients of 14 SPs, 14 sinonasal
SCCs, and 4 normal sinonasal mucosa specimens. We performed
fusion detection on the archived RNAseq data of all 28 tumor
samples using the FusionMap bioinformatics tool. DEK::AFF2 fusion
was identified in three cases (3/28, 10.7%), including two classified
as IPs with carcinoma in situ (TC17 and TC19) and one classified as
NKSCC (TS05) by the original investigators. The former two cases
showed DEKex7::AFF2ex5 fusion with DEKex7::AFF2ex6 alternative
splicing transcripts and the latter showed DEKex7::AFF2ex4 fusion
(Fig. 1A, B). The DEK and AFF2 gene expression levels of the fusion-
positive cases versus wild-type cases and normal sinonasal
mucosa specimens were also analyzed. The AFF2 gene showed
higher RNA expression in the fusion-positive cases compared to
wild-type tumors (p < 0.001) and normal mucosa specimens (p=
0.057) (Fig. 1C), while no significant differences in DEK gene
expression were noted (Fig. 1D). In addition, the DEK gene
expression levels of the normal mucosa specimens were
significantly higher than AFF2 (median: 1.610 versus 0.034, p=
0.029), suggesting that the DEK gene may drive the over-
expression of AFF2 in the DEK::AFF2 fusion-positive tumors since
it is on the 5’-side. Therefore, we hypothesized that AFF2
overexpression could be detected by an IHC assay targeting the
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AFF2 C-terminus peptides on the FFPE tumor sections. The
chimeric fusion protein may go into the tumor nuclei given the
SAP DNA-binding domain on the N-terminus, nuclear localization
sequences, and nuclear speckle-binding C-terminal domain,
resulting in nuclear expression of the IHC (Fig. 2).

Collected DEK::AFF2 carcinomas and controls
We collected 17 DEK::AFF2 carcinomas. The clinicopathologic
features are summarized in Table 1. Nine cases had been reported
in previous studies (case 1–74 and case 13–142). There were nine
females and eight males with a median age of 61 years (range:
28–79 years). The sites of the initial presentation included the
nasopharynx, nasal cavity, paranasal sinuses, skull base, and/or
lacrimal sac. The original diagnoses included 5 SP, 5 SP with
dysplasia/carcinoma in situ, 1 atypical papillary epithelial prolifera-
tion, 1 NKSCC, 1 poorly-differentiated SCC, 1 SCC, 1 undifferentiated

type NPC, 1 ciliated ADSC, and 1 DEK::AFF2 carcinoma. In total, 11 of
the 17 cases were initially diagnosed as benign lesions. The follow-
up data were available for all cases and the median follow-up time
was 18 months (range: 1 month–18 years). Ten patients (58.8%)
showed no evidence of disease, six (35.3%) were alive with disease,
and only one (5.9%) died of disease. One or more local recurrences
had been recorded in nine cases (52.9%). Three cases (case 4, 6, and
14; 17.6%) developed nodal metastases. One case (case 14; 5.9%)
had proven lung metastases and the disease stabilized under
chemotherapy. One case (case 4; 5.9%) had a widely invasive tumor
through multiple recurrences and eventually succumbed to the
disease 18 years after the initial diagnosis.
Morphologically, all DEK::AFF2 carcinomas had inverted thin

trabeculae which interconnected to each other and formed a
complex maze-like appearance, thin and delicate papillae, and a
very monotonous appearance. Most cases showed acantholytic

Fig. 1 RNA sequencing data mining. Integrative Genomics Viewer visualization of the three cases with DEK::AFF2 fusions on both (A) DEK and
(B) AFF2 genes. Cases TC17 and TC19 showed DEKex7::AFF2ex5 fusion with DEKex7::AFF2ex6 alternative splicing transcripts and case
TS05 showed DEKex7::AFF2ex4 fusion. Gene expression levels of (C) AFF2 and (D) DEK genes among the DEK::AFF2 fusion-positive tumors, wild-
type (WT) tumors, and normal sinonasal mucosal specimens. The AFF2 expression levels of the DEK::AFF2 fusion-positive tumors were
significantly higher than the WT tumors (p= 0.00061), while no significant differences were noted for the other comparisons. FPKM fragments
per kilobase of exon model per million reads mapped.
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change (16/17, 94.1%), prominent neutrophilic infiltrates (14/17,
82.4%), and broad papillae (13/17, 76.5%). Eleven cases were
relatively bland looking and lack infiltrative pattern, which
resembled tumors that have been described as LGPSCs (Fig. 3A,
B). Five cases were infiltrative and had tumor necrosis, and/or
diffuse high-grade cytomorphology (Fig. 3C, D). One case had a
predominant NKSCC component with several foci of ciliated
glandular formation (Fig. 3E) and aggregates of goblet-like
mucous cells (Fig. 3F). Molecular confirmation using FISH and
RT-PCR failed in one case (case 12) due to tissue decalcification
and poor nucleic acid quality, and the diagnosis was based on the
typical histomorphology and positive AFF2 IHC.
A total of 78 DEK FISH-negative sinonasal tumors were selected

for IHC control, including 8 IPs, 2 OPs, 6 SCCs ex-IP, 1 SCC ex-OP, 26
NKSCCs (including 5 LGPSCs), 6 keratinizing SCCs, 9 ADSCs, 6 poorly-
differentiated carcinomas, 3 NUT carcinomas, 2 SMARCB1-deficient
sinonasal carcinomas, 2 HMSCs, 1 undifferentiated type NPC, 1
teratocarcinosarcoma, 1 non-intestinal type adenocarcinoma, 1 AES,

1 olfactory neuroblastoma, 1 alveolar rhabdomyosarcoma, and 1
ectopic pituitary adenoma. Among the DEK FISH-negative tumors,
some shared overlapping morphologic features with the DEK::AFF2
carcinomas. Detailed morphologic comparison between DEK::AFF2
carcinoma and a selection of DEK FISH-negative sinonasal
carcinoma, excluding entities with commonly available diagnostic
IHC, such as INI-1, NUT, and NKX2.2, was performed (Table 2). While
exophytic pattern, broad papillae, and inverted growth pattern
were also commonly seen in DEK FISH-negative SCC ex-SP and
NKSCC, thin papillae (p= 0.020), anastomosing labyrinth-like
trabeculae (p < 0.001), acantholytic change (p= 0.004), monoto-
nous cytomorphology (p < 0.001), and neutrophilic infiltrates (p=
0.008) were statistically more frequent in the DEK::AFF2 carcinoma.

AFF2 immunohistochemistry
In the normal control tissues, AFF2 IHC showed strong cytoplasmic
staining in the plasma cells and serous acinar cells of the salivary
gland, and moderate cytoplasmic staining in the pancreatic acinar

Table 1. Clinicopathologic features of DEK::AFF2 carcinoma.

Case No. Age Sex Location Original diagnosis Treatment FU interval Disease status

1. 61 F NP, NC SP with dysplasia Excision+ CCRT 7m NED

2. 79 F NC SP with dysplasia Excision 55m AWD

3. 28 M FS, ES SP with CIS Excision+ RT 26m NED

4. 47 F ES SP Wide excision + ND+ CCRT 18 y DOD

5. 64 M NC SP with CIS Excision 10m NED

6. 53 F NC, NP, SB SP Excision+ RT 18m AWD

7. 51 F NC SP Excision+ RT 30m NED

8. 77 M Ear, SB SP with CIS Excision 8m NED

9. 68 F NC Atypical papillary proliferation Excision 13m AWD

10. 72 M NC, SB SP Excision+ RT 20m NED

11. 73 F NC Ciliated ADSC Excision 17m NED

12. 68 F NC Nonkeratinizing SCC Excision+ CCRT 39m NED

13. 46 M NP, SB Poorly differentiated SCC Excision+ RT 46m AWD

14. 68 M SB, EAC SCC Excision+ CCRT 27m AWD

15. 54 F LS SP Excision 9m NED

16. 60 M NC Undifferentiated NPC Excision+ RT 3m AWD

17. 31 M NC DEK::AFF2 carcinoma Excision 1m NED

NP nasopharynx, NC nasal cavity, FS frontal sinus, ES ethmoid sinus, EAC external auditory canal, SB skull base, LC lacrimal sac, SP sinonasal papilloma, CIS
carcinoma in situ, SCC squamous cell carcinoma, NPC nasopharyngeal carcinoma, ADSC adenosquamous carcinoma, RT radiotherapy, CT chemotherapy, CCRT
concurrent chemoradiotherapy, ND neck dissection, NA not available, FU follow-up, m month, y year, NED no evidence of disease, AWD alive with disease, DOD
died of disease.

Fig. 2 Illustration of the AFF2 immunohistochemistry detection of the DEK::AFF2 fusion protein. The anti-AFF2 antibody against the AFF2
C-terminus peptides (a.a. 715–855) binds to the DEK::AFF2 fusion protein, which goes into the tumor nuclei given the SAP DNA-binding
domain on the N-terminus, nuclear localization sequences, and nuclear speckle-binding C-terminal domain.
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Fig. 3 Morphologic spectrum of DEK::AFF2 carcinoma and the AFF2 immunohistochemistry (IHC). A The low-grade papillary Schneiderian
carcinoma-like cases showed predominantly exophytic papillary growth patterns without definitive evidence of stromal invasion (H&E, 20X).
B The tumor cells were monotonous and bland-looking and showed acantholytic change with pseudopapillary formation (H&E, 200X). C The
high-grade nonkeratinizing squamous cell carcinoma-like cases had crowded ribbon-like inverted tumor nests with focal necrosis (H&E, 20X).
D The tumor cells were monotonous but high-grade, which was characterized by nuclear enlargement, vesicular chromatin, and prominent
nucleoli (H&E, 200X). E The only case (case 11) classified as adenosquamous carcinoma showed a predominant nonkeratinizing squamous cell
carcinoma appearance with focal ciliated glandular formation (H&E, 100X). F Aggregates of goblet-like mucous cells were also noted (H&E,
100X). G Diffuse and strong nuclear staining of AFF2 IHC, particularly in the ciliated glandular component in case 11 (400X). H Moderate
nuclear staining of AFF2 IHC in case 3 (400X).
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cells and the cytotrophoblasts (Supplementary Fig. 1). The details
of AFF2 IHC results and molecular testing for DEK::AFF2 carcinomas
are summarized in Table 3. In the DEK::AFF2 carcinoma cases, AFF2
IHC was successfully done on sixteen cases and all of them were
positive for nuclear expression with 81.3% (13/16) showed staining
in more than 50% of the tumor cells. Focal staining was only noted
in three cases, 35% in one and 30% in two. Strong nuclear staining
was seen in eleven (Fig. 3G) and moderate staining in five (Fig. 3H).
Case 6 showed completely negative nuclear AFF2 staining in the
tumor cells but were also negative for cytoplasmic staining in the
adjacent plasma cells as an internal positive control, despite
repeated staining. Thus, the IHC result was considered a failure in
this case due to possible inadequate tissue preservation and was
excluded for statistic analysis. The details of the AFF2 IHC results and
ancillary testing for DEK FISH-negative sinonasal tumors are
summarized in Table 4. All cases were negative for nuclear
expression of AFF2 IHC (Fig. 4). There were 12 cases (15.4%) that
showed focal and weak to moderate nonspecific cytoplasmic

staining in no more than 15% of the tumor cells. Nuclear expression
of AFF2 IHC showed 100% specificity, 100% sensitivity, 100%
positive predictive value, and 100% negative predictive value in
diagnosing DEK::AFF2 carcinoma.

DISCUSSION
DEK::AFF2 carcinoma of the sinonasal tract and skull base is a
newly defined entity characterized by the complex inverted and
exophytic growth pattern, acantholytic change, and a prominent
infiltrate of neutrophils2–5. The tumor cells, either bland or frankly
carcinoma-like, have an essentially monotonous appearance,
which is typical of a gene fusion-associated tumor. Given the
nonkeratinizing tumor cells and mixed exophytic and inverted
architecture, the DEK::AFF2 carcinoma is most likely to be
diagnosed as NKSCC or various types of SP with or without
malignant transformation in the previous studies1–5. DEK::AFF2
fusion was reported in 21.4% (3/14) and 48.1% (13/27) of selected

Table 2. Histomorphologic comparison between DEK::AFF2 carcinoma and DEK fusion-negative carcinoma.

DEK::AFF2 fusion-associated
carcinoma (n= 17)

DEK fusion-negative
carcinomaa (n= 33)

p value

Exophytic pattern 17 (100%) 29 (87.9%) 0.286

Broad papillae 13 (76.5%) 20 (60.6%) 0.351

Thin papillae 17 (100%) 24 (72.7%) 0.020

Inverted growth pattern 17 (100%) 32 (97.0%) 1.000

Anastomosing labyrinth-like trabeculae 17 (100%) 8 (24.2%) <0.001

Acantholytic change 16 (94.1%) 17 (51.5%) 0.004

Monotonous cytomorphology 17 (100%) 13 (39.4%) <0.001

Neutrophilic infiltrates 14 (82.4%) 14 (42.4%) 0.008

Bold type suggests statistically significance.
aIncluding squamous cell carcinoma ex-sinonasal papilloma, nonkeratinizing squamous cell carcinoma, and low-grade papillary Schneiderian carcinoma.

Table 3. AFF2 immunohistochemical (IHC) and molecular details of DEK::AFF2 carcinoma.

Case no AFF2 IHC DEK FISH RT-PCR NGS

Intensity Tumor cell % Localization

1. Strong 75% Nuclear + D7A9 ND

2. Strong 70% Nuclear + D7A6 ND

3. Moderate 35% Nuclear + D7A9 ND

4. Strong 30% Nuclear + D7A4 ND

5. Strong 95% Nuclear + D7A4 ND

6. Faileda NA NA + D7A5 ND

7. Moderate 90% Nuclear + D7A5 ND

8. Strong 70% Nuclear + D7A4 ND

9. Strong 90% Nuclear + D7A6 ND

10. Moderate 90% Nuclear + ND ND

11. Strong 60% Nuclear + D7A5 ND

12. Moderate 70% Nuclear Failedb Failedb ND

13. Strong 90% Nuclear ND ND D7A6

14. Moderate 30% Nuclear ND ND D7A9

15. Strong 60% Nuclear + ND ND

16. Strong 90% Nuclear ND ND D7A4

17. Strong 70% Nuclear + D7A5 ND

FISH fluorescence in situ hybridization, NGS next-generation sequencing, ND not done, NA not available.
aNegative expression in the internal positive control (plasma cells).
bPossibly due to decalcification.
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cases of NKSCCs and SPs from the sinonasal tract and skull base in
two recent series respectively4,5. In the current study, we identified
DEK::AFF2 fusion in 10.7% (3/28) of consecutive samples of SPs and
sinonasal SCCs using publicly available RNAseq data. We believe
that this percentage approximates the actual incidence of DEK::
AFF2 carcinoma among papillary sinonasal tumors.
In our histomorphologic review, the majority of DEK::AFF2

carcinomas were relatively bland in morphology and composed
predominantly of exophytic papillae (64.7%, 11/17), which were
reminiscent of tumors previously described as LGPSCs and may
easily be misdiagnosed as an SP. There was only one exceptional
ADSC with aggregates of goblet-like mucus cells and glandular
structure with focal luminal ciliation, which has never been
reported in the literature. The ciliated glandular epithelial cells and
goblet cells intermixed well within the tumor proper and were
positive for the AFF2 IHC (Fig. 3G), and hence were considered as a
neoplastic component. The diagnosis of this case was particularly
challenging since the squamous component was papillary and
low-grade, and scattered goblet cells and ciliated cells were
regarded as the morphologic findings in favor of an IP5,19. Rooper
et al. also reported one unusual ADSC with DEK::AFF2 fusion, which
was morphologically more high-grade and had overt formation of
nonciliated glands with intraluminal mucin5. Regarding the clinical
behavior, the local tumor recurrence rate was high in 52.9% (9/17)
of our cases. However, the rates of lymph node metastasis (17.6%,
3/17), distant metastasis (5.9%, 1/17), and tumor-related death
(5.9%, 1/17) were much lower than that reported by Rooper et al5.
This might be due to a smaller case number of patients with
available follow-up data (n= 8) in the prior study and the fact that
all of their cases were identified by the NGS, which is likely to be
performed in advanced disease for therapeutic guidance.

In this study, we demonstrated that the gene expression of AFF2
was significantly higher in DEK::AFF2 carcinomas and the AFF2 IHC
was a novel diagnostic marker with high sensitivity and specificity.
AFF2 IHC was positive in 100% (16/16) DEK::AFF2 carcinomas and
all displayed moderate to strong nuclear expression in no less
than 30% of the tumor tissue. One of these cases had the
morphology consistent with that of a DEK::AFF2 carcinoma but
failed for molecular confirmation due to tissue decalcification
(case 12). In this case, the AFF2 IHC was expressed in 70% of the
tumor cells with moderate immunoreactivity. This suggested that
the chimeric fusion protein was more tolerant of tissue processing
than DNA/RNA and AFF2 IHC has a potential utility in specimens
that are inadequate for nucleic acid-based testing. The AFF2 IHC
also stained the cytoplasm of plasma cells and non-neoplastic
serous acinar cells of the salivary glands. These normal compo-
nents are frequently present in sinonasal biopsies and conveni-
ently serve as internal positive controls. In contrast, the 78 DEK
FISH-negative sinonasal tumors were all negative for nuclear
expression of AFF2 by IHC. The overall sensitivity, specificity,
positive predictive value, and negative predictive value of the
nuclear expression of AFF2 IHC were 100%, 100%, 100%, and 100%
respectively. The above results suggest that AFF2 IHC is a highly
sensitive and specific ancillary marker for the diagnosis of DEK::
AFF2 carcinoma and appears to work properly even in acid
decalcified specimens.
The differential diagnosis of DEK::AFF2 carcinoma includes a

variety of tumors, especially SP and its associated dysplasia/
malignancy and NKSCC (including LGPSC). Given the bland
morphology in most DEK::AFF2 carcinomas, IP with dysplasia is
probably the most challenging differential. The morphologic clues
rely on the character of the inverted nests, which are consistently

Table 4. The results of AFF2 immunohistochemistry (IHC) in DEK fusion-negative sinonasal tumors.

Tumor type n AFF2 IHC Other ancillary tests

IHC & EBER ish Molecular tests

IP 8 — ND EGFR mutation (+)

OP 2 — ND KRAS mutation (+)

SCC ex-IP 6 — ND ND

SCC ex-OP 1 — ND ND

NKSCC 21 — ND ND

LGPSC 5 — ND High risk HPV (−)

KSCC 6 — ND ND

ADSC 9 — ND ND

PDC 6 — No significant findingsa High risk HPV (−)

NUT carcinoma 3 — NUT (+) ND

SMARCB1 carcinoma 2 — Loss of INI1 ND

HMSC 2 — P16 (+) HPV type 33 (+)

NPC 1 — EBER ish (+) ND

Teratocarcinosarcoma 1 — β-catenin (+), BRG1 preserved ND

NIADC 1 — CK7 (+) and CK20 (−) ND

AES 1 — NKX2.2 (+) EWSR1 FISH (+)

OFNB 1 — Synaptophysin (+) ND

ARMS 1 — Myogenin (+) FOXO1 FISH (+)

EPA 1 — FSH and LH (+) ND

IP inverted papilloma, ND not done, OP oncocytic papilloma, SCC squamous cell carcinoma, NKSCC nonkeratinizing SCC, LGPSC low-grade papillary
Schneiderian carcinoma, HPV human papillomavirus, KSCC keratinizing SCC, ADSC adenosquamous carcinoma, PDC poorly differentiated carcinoma, SMARCB1
carcinoma SMARCB1-deficient sinonasal carcinoma, HMSC HPV-related multiphenotypic sinonasal carcinoma, NPC nasopharyngeal carcinoma, undifferentiated
type, EBER ish Epstein-Barr virus-encoded RNA in situ hybridization, NIADC non-intestinal type adenocarcinoma, AES adamantinoma-like Ewing sarcoma, OFNB
olfactory neuroblastoma, ARMS alveolar rhabdomyosarcoma, EPA ectopic pituitary adenoma.
aNUT (−), NKX2.2 (−), EBER ish (−); INI1 and/or BRG1 preserved.
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rounded with central lumen formation in IP rather than relatively
angular and labyrinth-like in DEK::AFF2 carcinoma4. Besides, most
DEK::AFF2 carcinomas have only one cell type, rather than a
mixture of squamous, ciliated respiratory, and goblet cells. LGPSC is
also characterized by the bland morphology simulating an SP19–21.
It does not have the mutations typical for SPs19,21 and was found
to harbor DEK::AFF2 fusion in a subset of cases4,5. In this current
study, we found that the majority of sinonasal tumors showing
features of LGPSC had DEK::AFF2 fusion (68.6%, 11/16), therefore
highlighting the importance of DEK::AFF2 fusion testing in cases
with features of LGPSC. Whether there are any specific genetic
alterations in the DEK FISH-negative LGPSCs awaits further
investigation. In 2017 WHO classification, sinonasal NKSCC is
characterized by anastomosing tumor ribbons with pushing
borders eliciting a minimal desmoplastic reaction22. In addition
to high-risk HPV and preceding SP23–26, genetic fusions such as
DEK::AFF21–5 and ETV6::TNFRSF827 were recently identified in
tumors showing NKSCC morphology. These findings suggest that
sinonasal NKSCC contains diverse molecular alterations and might
include a subset of cases that could be further classified into other
distinct entities. Despite the morphologic similarity, we demon-
strated that labyrinth-like trabeculae, monotonous cytomorphol-
ogy, acantholytic change, neutrophilic infiltrates, and thin papillae
were the morphologic features significantly associated with DEK::
AFF2 carcinoma compared to DEK FISH-negative SCCs ex-SP
and NKSCC.
Sinonasal ADSC is rare and yet to be delineated in the

literature. In addition to the DEK::AFF2 ADSC, high-risk HPV-related
sinonasal carcinoma and basaloid type SMARCB1-deficient sino-
nasal carcinoma were also reported to show occasional glandular
differentiation23,28. Other sinonasal tumors showing monotonous
appearance, papillary growth, and/or inverted nests may also
mimic DEK::AFF2 carcinoma (supplementary Fig. 2). NUT carci-
noma and AES are typically monotonous given their fusion-
associated nature29,30. Prominent exophytic architecture is
occasionally seen in NUT carcinoma and interconnecting nests
are characteristic of AES. Ectopic pituitary adenoma usually
presents with neuroendocrine nuclear monotony and may
occasionally harbor a pseudopapillary structure in the small
biopsy. It is interesting to find that HMSC may sometimes
demonstrate unusual acantholytic changes resembling a DEK::
AFF2 carcinoma. We recognized in this study that the defining
molecular alterations in the aforementioned tumors were found
to be mutually exclusive with DEK rearrangement. In difficult
cases, ancillary IHC for AFF2 as well as p16, INI1, NUT, NKX2.2,
synaptophysin, etc. would be helpful for diagnosis.
In conclusion, DEK::AFF2 fusion was identified in 10.7% (3/28) of

consecutive samples of SPs and sinonasal SCCs using publicly

available RNAseq data. AFF2 gene expression was significantly
higher in the fusion-positive cases compared to the wild-type
tumors (p < 0.001), while no significant differences in DEK gene
expression were noted. The majority of DEK::AFF2 carcinomas is
morphologically low-grade with histologic similarity to other
sinonasal tumors with predominantly papillary growth. The IHC
assay using an anti-AFF2 C-terminus antibody is a highly sensitive
and specific ancillary marker that distinguishes DEK::AFF2 carcino-
mas from the other sinonasal tumors with overlapping morpho-
logical features.
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