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Abstract

Introduction.—Genetic profiling has caused an explosion in subclassification of sinonasal
malignancies. Distinguishing several of these tumor types by histomorphology alone has been
quite challenging, and although pathological classification aims to be as specific as possible,

it remains to be seen if this recent move toward tumor speciation bears clinical relevance,

most particularly focused on subtyping for the sake of prognostication and treatment. One such
recently described cohort, predominantly lumped under the moniker of sinonasal undifferentiated
carcinoma (SNUC) is /DHZ-mutated sinonasal carcinoma, a high-grade carcinoma associated
with mutations in the isocitrate dehydrogenase-2 (/DHZ2) gene. A hotspot mutation in the R172
codon has been described in 50-80% of tumors classified as SNUC, large cell neuroendocrine
carcinomas (LCNEC), and rarely in cases classified as olfactory neuroblastoma (ONB). The use
of immunohistochemical and molecular approaches are required to correctly identify this subset
of sinonasal tumors, with further study necessary to elucidate their unique pathophysiology,
ultimately determining whether revision is required toward current therapeutic approach.

Aims.—Here, we provide an overview of the /DH2-mutated sinonasal tumors, discuss
histopathologic and clinical features, and focus on molecular diagnostics and novel
immunohistochemical (IHC) markers.

Results.—A review of the literature reveals 82 reported cases with /DHZ2-mutated sinonasal
tumors (IST), confirmed either by molecular studies or diagnostic IHC markers. The mean
patient age is 60-years (female/male: 1/1.4), the median tumor size is 5 cm (range: 2.5-7.0
cm), and the most common location is the nasal cavity (81%). IST display tumor necrosis

and increased mitotes. Histopathologically, IST show SNUC-like, LCNEC-like, or poorly
differentiated carcinoma- (PDC)-like features (77%, 12%, and 9% respectively). The molecular
hotspot alterations in mitochondrial /DHZ2are: R172S (61%), R172T (19%), R172G (7%), and
R172M (3%). Sixty-five percent of tumors are surgically resectable and all patients received
chemotherapy, radiation therapy or both. Rates of locoregional recurrence and distant metastasis
are 60% and 40%, respectively. One-, 3- and 5-year survival rates are 83%, 50% and 43%,
respectively. In all but one study, IST are associated with better outcomes than /DHZ2-wild type
tumors and SMARCBI-deficient sinonasal tumors.
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Introduction

Sinonasal undifferentiated carcinoma (SNUC) is an aggressive malignancy of the nasal
cavity, paranasal sinuses and skull base, arising from the so-called “Schneiderian
epithelium”, respiratory-lined ectodermal derivative epithelium with ciliated respiratory
epithelium and scattered goblet cells, and accounts for less than 5% of sinonasal tumors(1).
SNUC has been a diagnosis of exclusion since it was described by Frierson et al. in 1986(2).
The recent advances in molecular studies have led to a reclassification of undifferentiated
carcinomas of the sinonasal tract into their respective genomically-defined entities. In

2022, the World Health Organization (WHO) defined SNUC as a malignant epithelial
tumor without any glandular, squamous or neuroendocrine line of differentiation(3). The
discovery of /DHZ2mutation in SNUC(4) was followed by investigating other high-grade
malignancies of the sinonasal tract and led to the detection of this mutation in large cell
neuroendocrine carcinoma (LCNEC), some poorly differentiated carcinomas (PDC)(5, 6)
and olfactory neuroblastomas(7, 8). With over eighty cases described to date (Table 1), the
diagnosis of /DH2 mutated sinonasal tumors (IST) continued to expand, and with the use of
inexpensive techniques like immunohistochemical studies (IHC), more cases will be added
to this category, now recognized as the most common variant present in SNUC according

to the 2022 WHO Classification of Head and Neck Tumors (5" Edition)(3). Given the
expanding profile and therapeutic options for tumors with /DH2-mutant profiles, there could
be a strong argument to include them as a unique diagnostic entity in subsequent editions of
the WHO tumor classifications.

Epidemiology

Etiology

IDHZ2 mutated sinonasal tumors (IST) account for 20-88% of SNUC, 11-83% of LCNEC,
13-38% of poorly differentiated carcinoma (PDC), 50% of high-grade non-intestinal-type
adenocarcinoma (HG-Non-ITAC)(4-6, 9, 10), and a subset controversially classified as
ONB(7, 8, 11). Female to male ratio is 1:1.4 with a 22-87-year age range(5, 10, 12, 13).
Median age of patients with /DHZ2 mutated sinonasal tumor is 57 years, compared to 71
years in /DHZ wild-type(6).

Molecular profiling identified the hotspot mutation in the mitochondrial /DHZ2 enzyme of
the Isocitrate dehydrogenase family(14), in poorly/undifferentiated tumors of sinonasal tract.
The most common alterations are R172S (61%), R172T (19%), R172G (7%), and R172M
(3%)(4-6, 10, 12, 13, 15).
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Localization

IST size ranges from 2.5to 7.0 cm(4, 5). IST arise most frequently in the nasal cavity

and the ethmoid sinus(4, 5) and 60% of patients present with moderately or very advanced
disease(5, 10, 13, 15). In one study of 22 IST patients, 68% present with sinonasal masses
involving multiple anatomic sites, typically the nasal cavity and ethmoid sinuses (60%, each)
and maxillary, sphenoid and frontal sinuses (32%, 27% and 23%, respectively). Intracranial
and intraorbital extension are seen in 23% of patients and skull base involvement is reported
in 18% of cases(1). Direct invasion into adjacent structures, like cribriform plate, cranial
nerves, dura and brain has also been reported(5).

Clinical Features

Patients with IST can present with wide range of symptoms including eye pain, ptosis,
visual changes, orbital pressure sensation, double vision, nasal congestion and obstruction,
loss of smell and taste, epistaxis, facial pain and swelling, headache, memory loss and
personality changes(5). Twenty-eight percent of patients have metastatic lymph nodes at
presentation(13). Patients typically present with tumor-related symptoms within 1-3 months
of diagnosis(4).

Histopathology

IST is a group of diseases that are characterized by high-grade morphology (large cells
with nuclear enlargement, high nuclear: cytoplasmic (N:C) ratio, prominent nucleoli, high
mitotic count and tumor necrosis) and shared molecular profile (/DH2 mutation). Initially,
IDHZ mutation was described in SNUC and LCNEC(4), but later, more cases with PDC
or high-grade non-ITAC morphology harbored /DHZ2 mutation(5, 6). Further, the subset of
IDH2-mutated ONB has some associated controversy, as histologic review, in some cases,
has called into question, especially with keratin staining, the diagnosis of ONB to begin
with(8, 11).

The challenging part in diagnosing IST is the diversity of its histopathologic features.

Most cases with /DHZ2mutation exhibit SNUC-like, LCNEC-like, or PDC-like features
(77%, 12%, and 9%, respectively). In one study, IST with SNUC-like and PDC-like,
architectures include nested or sheet-like growth patterns (76% and 20%, respectively).
Cytologically, tumor cells are moderate-large with rounded to slightly elongated nuclei.
Prominent nucleoli and tumor necrosis are present in two-third of cases. Mitotic figures are
frequent with median of 37 mitoses/10 high power fields(12). While nested growth pattern,
large cells, prominent nucleoli, high mitotic count and necrosis are consistent findings, there
is no unique feature that is helpful to differentiate /OHZ mutated from /DHZ2 wild-type
tumors(4-6, 10, 12, 13, 15), thus molecular and immunohistochemical studies are warranted.

Some pathologists may use the term poorly differentiated carcinoma (PDC) to describe a
high-grade carcinoma with a glandular and/or squamous component that lacks a specific
line of differentiation, by histology or immunohistochemical studies, but does not fit

into any specific WHO category. PDC is a purely descriptive term, given glandular or
squamous features technically conflict, definitionally, with being undifferentiated. However,
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sinonasal PDC is not a recognized WHO entity, and its diagnostic use should be avoided.
Consideration should be given to a descriptive diagnosis best considered as a stated WHO
entity. In one study, IST with so-called PDC-like morphology (/DH2-PDC) demonstrates
trabecular or pseudoglandular patterns(12). One case diagnosed as HG-non-1TAC shows
high-grade morphology with nested growth pattern, nuclear pleomorphism focal glandular
differentiation but was negative for CDX2 and CK20 immunostains(6). Some pathologists
may call this case PDC, but again, this terminology is best avoided.

LCNEC is also a high-grade carcinoma with neuroendocrine differentiation. Most of

the time, LCNEC cannot be differentiated from SNUC based merely on morphology.

The presence of speckled or coarse chromatin, brisk mitosis and extensive necrosis

might be an indication to order neuroendocrine markers, which will show evidence of
neuroendocrine differentiation(13). LCNEC will show focal positivity for synaptophysin

or chromogranin(6). INSM1 nuclear stain can also be used to highlight neuroendocrine
differentiation (29438167). LCNEC can have /DHZ2mutation in 11-83% of cases(4-6) ).
IDH2 with LCNEC-like morphology (/DHZ2-LCNEC) can only be diagnosed by performing
IDHZ studies on tumors with carcinoma differentiation (keratins positive) along with
immunohistochemical evidence of neuroendocrine differentiation.

SNUC is defined by the WHO as a high-grade malignancy with no glandular or squamous
differentiation. However, minimal squamous or glandular differentiation is allowed, by some
pathologists who will label such tumors as SNUC after extensive workup as a diagnosis

of exclusion. Significant squamous or glandular differentiation hinder the diagnosis of
SNUC. IST accounts for 20-88% of SNUC cases(4-6, 10, 12, 13, 15). IST with SNUC-like
morphology (/DH2-SNUC) show large, undifferentiated epithelial tumor cells, display open
chromatic, cherry-red nucleoli and high N:C ratio(5). /DHZ2 mutated with SNUC-like and
neuroendocrine differentiation should be called /DH2-LCNEC. Interestingly, /DH2-LCNEC
and /DH2-SNUC share the same molecular profile and outcome(13).

Most reported IST have tumor necrosis (66-100%). All IST show frequent mitotic activity
and stain positive for keratins (100%)(12, 13)). Seventeen percent of tumors express a
weak positive staining for p40, p63 or S100. In tumors with associated 7P53 mutation, p53
immunostain can be either diffusely immunopositive or completely negative(5).

Differential Diagnosis

High-grade sinonasal tumors including IST share an overlapping morphology, and
histopathology alone is often insufficient to precisely render a clinically meaningful
diagnosis. In addition to SNUC, LCNEC and PDC with wild-type /DH2Z, the

differential diagnosis of IST includes poorly differentiated carcinomas like (EBV-

or HPV-related), neuroendocrine and neuroectodermal tumors (LCNEC and possibly
olfactory neuroblastoma), tumors with defined molecular alterations (NUT, SMARCB1 and
SMARCA4/A2), melanoma and high-grade B-cell lymphoma. See Table 3 and Figure 1 for
IST work up.
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Olfactory neuroblastoma (ONB) is a neuroectodermal tumor arising from the cribriform
plate and often shows uniform lobular pattern with neurofibrillary background and Homer-
Wright pseudorosettes. High-grade ONB demonstrates nuclear pleomorphism, prominent
nucleoli but will be consistently negative for keratins. S100 stains the sustentacular cells
and tumor cells are positive for synaptophysin and other neuroendocrine markers. One third
of ONB may stain focally for Cam5.2 and CK18(16). In one study, 18% of ONBs harbor
IDHZ mutation(17), however, ONBs did not harbor /DH2 mutation in other two studies(6,
12). Small cell neuroendocrine carcinoma (SNEC) is a small round blue cell tumor with
high N:C ratio, brisk mitoses, nuclear molding and inconspicuous nucleoli. SNECs should
be differentiated from other tumors with neuroendocrine differentiation (ONB, LCNEC) as
the former have very poor outcome(13).

Human papillomavirus (HPV)-related sinonasal squamous cell carcinomas are
morphologically identical to HPV-related oropharyngeal carcinomas, exhibiting little or no
keratinization and diffuse p16 immunopositivity(18). Transcriptionally active HPV can be
labeled by high-risk HPV-RNA by in situ hybridization (ISH)(19). HPV-related LCNEC will
show similar morphologic features to /DH2-LCNEC, however, positivity for HPV will be
diagnostic of the former(20). HPV-related multiphenotypic sinonasal carcinoma (HMSC) is
a high-grade non-keratinizing carcinoma with variable growth patterns including cribriform,
tubular, sarcomatoid, chondroid, epimyoepithelial or myoepithelial carcinoma-like growth.
HPV 33 will be positive in 67% of HMSC(21).

Sinonasal lymphoepithelial carcinoma (SNLEC) is strongly associated with Epstein-Barr
virus (EBV)(22, 23). SNLEC is morphologically similar to non-keratinizing nasopharyngeal
carcinoma (NK-NPC) undifferentiated subtype and shows syncytial appearance, round to
oval vesicular nuclei and large central nucleoli, with variable lymphocytic and plasma cells
infiltration. One study shows absence of EBV association (EBER ISH) in all cases of
SNUC(24). IST lacks the syncytial growth seen in SNLEC.

Midline carcinoma with AMUT rearrangement presents in young adults and children and
shows sheets of small to medium-sized poorly differentiated cells with abrupt squamous
differentiation. The cells are usually monotonous with round to oval nuclei and fine
chromatin, with necrosis and increase mitosis. P63 and p40 are diffusely positive and
immunostain for VUT antibody will be positive(25).

SMARCBI-deficient sinonasal carcinoma shows basaloid growth, with nests of basophilic
cells, with high N:C ratio, growing in a desmoplastic stroma. Rarely, non-specific
cytoplasmic vacuoles are present, and cells may show plasmacytoid or rhabdoid
differentiation. SMARCBI (IN/I-1) will be lost by immunostaining(26).

SMARCA4-deficient sinonasal carcinoma is heterogeneous, but cases show either LCNEC-
like morphology (large round to ovoid nuclei, some with prominent nucleoli) or SNEC
(small round blue cells with brisk mitoses, and nuclear molding). SMARCA4 immunostain
will be lost(27). A subset of teratocarcinosarcoma (triphasic ectoderm/mesoderm/endoderm
differentiation) show loss of SMARC4, but not all, and therefore, are still considered

to be a separate, morphologically-defined entity. Unlike other sites, SMARCAZ will be
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intact in most cases. Rarely, SMARCA4-deficient sinonasal tumors can have concomitant
SMARCAZ-l0ss(27, 28). Isolated SMARCAZ sinonasal carcinomas have not been reported.

High-grade morphology and prominent nucleoli should raise the possibility of carcinoma
mimickers, like melanoma or diffuse large B-cell lymphoma (DLBCL). Keratins will be
negative in both. Melanoma will be positive for S100 and other melanocytic markers and
may show melanin pigmentation. DLBCL shows discohesive cells and stains positive for
CD45, CD20 and other B-cell markers.

SNUC is morphologically similar to IST, and in fact, in the most recent 2022 WHO, /DH2
mutations are listed as the most commonly identified mutation in what remains of the SNUC
category(3). SNUC has typically been thought of as a diagnosis of exclusion, but as the
genetic underpinnings have filled in, the category is rapidly shrinking or at least becoming
a more specific diagnosis associated with a narrower mutational profile. Cases which lack
/IDHZ2 mutation can be signed out as /DHZ2 wild-type-SNUC/-LCNEC or-PDC and in cases
where /DHZ2testing is not available, suspicious IST cases can be signed out as SNUC-/
LCNEC-/PDC-not otherwise specified (NOS). However, a consensus among pathologist is
needed to implement such new names. Further, more recently distinguished categories, such
as the SWI/SNF complex-deficient sinonasal carcinomas(29), may or may not stay distinct
categories depending on the ability to develop unique therapeutic options.

Genetic Profile

Isocitrate dehydrogenase (/DH) gene family is composed of three genes, /DH1, IDHZ2

and /DH3. IDH1/2 are known to induce a global hypermethylation phenotype. Located

in the mitochondria, /DHZ catalyzes the conversion of alpha-ketoglutarate in the citric
acid cycle, to its counterpart oncometabolite, 2-hydroxygluterate (2HG). /DH2-mutated
tumors show abnormally high level of 2HG, which inhibits histone demethylase and ten-
eleven translocation (TET) family 5-methylcytosine hydroxylases; enzymes responsible
for DNA hypomethylation. Hypomethylation is associated with tissue differentiation

and gene expression(14). /DHZ mutations have been described in gliomas(30), acute
myeloid leukemias(31), cholangiocarcinomas(32), central chondrosarcoma and central and
periosteal chondromas(33), solid papillary carcinoma with reverse polarity of the breast(9),
medulloblastoma(34) and sinonasal tumors(5, 6, 10, 12, 13),.

Next generation sequencing (NGS) or Sanger sequencing will identify the hotspot mutation
affecting amino acid R172 of /DHZ2 gene. Reported mutations include R172S, R172T,
R172G and R172M (61%, 19%, 7%, and 3%, respectively)(4-6, 10, 12, 13, 15, 35).

Molecular profiling of sinonasal tumors regardless of their histologic appearance shows

that 40% of those tumors have /DHZ gene mutation(5). This percentage increases to 88%
when /DHZis being investigated in high-grade/undifferentiated tumors(13). In one study,
IST is associated with epigenetic dysregulation, including a higher global DNA methylation
level compared to /DH2wild-type (70% vs 55%). In the same study, /DH2 mutation is

an independent predictor of worse disease specific survival (DSS)(10). DNA methylation
studies found that IST form a single cluster, irrespective of their histologic type and show no
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overlap with SMARCB1 deficient tumors or those classified as ONB. In this study, however,
IDHZ2tumors are associated with better disease-free survival (DFS) and less propensity for
lung metastasis(13).

Other concomitant genetic alterations in /DHZ-mutated sinonasal tumors include 7P53in
50% of cases(9). Less common concomitantly altered genes include ASXL1, B2M, BCOR,
BRD4, CCND2, CDKN2A, CDKNZB, CYLD, DDR2, EGFR, ERBB3, FANCA, FOXP1,
ID3, KIT, KMT2D, LATS1, MCL1, MGA, MTOR, NSD1, NTRK1, PICTOR, PIK3CA
PTEN, PTPRT, SETDZ2, SPEN, TGFBRZ, TSC1, TSC2, ZFHX3(12, 13).

Immunohistochemical studies (IHC) for IDH2 mutated tumors

Different immunostains targeting IST were developed (Table 2). The monoclonal 11C8B
antibody is diffusely positive in all cases with R172S and R172T but negative in R172G and
R172M(5, 35). 11C8B can stain SNUC-like as well as LCNEC-like /DHZ mutated sinonasal
carcinomas. Another monoclonal antibody is MMab1 and is specific for R172M(35). A third
monoclonal antibody is 3C11 and is positive in R172G(5).

MsMab-1 which targets both /DH1/2 mutations (R172S, R172G and R172M of /DHZ2

and R132C of /DH1I) shows diffuse granular cytoplasmic staining in R172S, R172G and
R132C and weak to moderate cytoplasmic multifocal staining in R172M(4, 6). Another
immunostain which targets both /DH1/2 proteins is mIDH1/2. It shows strong positivity for
R172S and R172G and weak granular positivity in R172T(12) (Figure 2).

Of note, the /DHZ protein sequence in proximity to R172is remarkably similar to /DH1
protein around codon R132and immunostains like 3C11 can stain both /DHI and /DHZ2
mutated tumors(35).

IHC studies may serve as surrogate and inexpensive markers for the presence of /DHZ,
however, molecular studies are still necessary to identify cases with negative IHC staining.

Prognosis and Predictive Factors

All except one study report better disease-specific survival with IST compared with wild-
type /DHZ carcinomas and SMARCB1-deficient tumors(5, 7). One study shows that IST has
more favorable prognosis regardless of the histologic classification(6). Another study shows
that tumors with /DHZ mutation tend to recur and metastasize less than SMARCBI-deficient
sinonasal tumors (56% vs 87%)(5). /DH2Z mutation predicts better disease-free survival
(DFS) and is associated with lower incidence of lung metastasis(13). On the other hand,

one study reports /DHZ2 mutation to be associated with worse disease specific survival (DSS)
(10).

IST is locally invasive and destructive and 40% of patients present with non-resectable
disease with treatment options limited to chemotherapy, radiation therapy or both.

Up to 60% of patients experience locoregional recurrence and 40% develop distant
metastasis(5, 13). IST can metastasize to bone, liver, abdominal lymph nodes, adrenal gland,
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and skin(5). Forty percent of patients die of disease within 4-33 months, and 33% may
experience remission in up to 144 months(5, 10, 15). One-, 3- and 5-years survival rates are
83%, 50% and 43%, respectively.

Since most of the studies about IST are retrospective studies, no comparison is available

in which a particular treatment grants better outcomes. Treatment options include
chemotherapy or chemo-radiation, with or without surgery. One clinical trial on Enasidenib
(a selective mutant /DHZ inhibitor) studies the response of /DH2 mutated refractory/relapsed
acute myeloid leukemia, and shows a clinical response of 40%, however, this study

is Phase | and does not include patients with /DHZ2-mutated sinonasal carcinomas(36).
Another study investigated hypomethylation agents like Decitabine, which can induce
reactivation of silent genes, shows some efficacy against /DH1-mutated myelodysplastic
diseases(37). Finally, preclinical studies shows that poly (adenosine 5’-diphosphate-ribose)
polymerase (PARP) inhibitors, can reverse the /DHZ-mutated protein, thus facilitate
targeting 2-Hydroxyglutarate (implicated in tumor progression) in primary gliomas(38).
Discovering /DH2 mutation in sinonasal tumors should encourage further studies on /DHZ2
targeted therapy and hypomethylation agents with both treatment and control groups.

Conclusion

IST is seen in more than 80% of high-grade sinonasal tumors. Patients are typically
middle-aged males, with advanced stage and a wide range of symptoms related to mass
effect and/or direct invasion of sinuses and cranial nerves. /DH2 mutated group of tumors
include tumors with high-grade morphology. IST share histopathologic features like nested
pattern, large nuclei, open chromatin, prominent nucleoli, necrosis and abundant mitotic
figures. In addition to keratin stains, neuroendocrine markers, P16 and HPV studies,

EBV studies, NUT, SMARCBI1 (INI-1), SMARCA4 (BRGI) and SMARCAZ (BRM), the
work up of high-grade sinonasal tumors should include /DAHZ2immunohistochemical and
molecular studies (Figure 3). Currently, there is no standard treatment for IST, however,
some preclinical studies show promising results in other tumors. In most studies, patients
with IST tend to have a better prognosis, however, multi-institutional and prospective studies
are needed to better understand and address such a disease. Deep genotyping of /DH2
wild-type tumors may further identify new mutations.
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ratio, prominent nucleoli

Neuroendocrine differentiation
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Neuroendocrine differentiation
(synaptophysin+, chromogranin+, INSM1+)
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2Can show some squamous or glandular differentiation and/or focal mucin staining but no intestinal differentiation (CK20-,
CDX2-) and does not qualify for SNUC diagnosis.

IDH2: Isocitrate dehydrogenase 2, ONB: olfactory neuroblastoma, SCNEC: small cell neuroendocrine carcinoma, NE:
neuroendocrine markers, INSM1: insulinoma associated protein 1, HPV: human papilloma virus, NUT: nuclear protein in testis,
SMARCB1: SWI/SNF Related, Matrix Associated, Actin Dependent Regulator Of Chromatin, Subfamily B, Member 1,
SMARCA4/A2: SWI/SNF Related, Matrix Associated, Actin Dependent Regulator Of Chromatin, Subfamily A, Member 4/2 , EBER
ISH: Epstein-Barr encoding region in situ hybridization, SNUC: sinonasal undifferentiated carcinoma, LCNEC: large cell
neuroendocrine carcinoma, CA: carcinoma, CK: cytokeratin, NOS: Not otherwise specified.

Figure 1.
Work up for /DH-mutated tumors.
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Figure 2.
IDHZ-mutated sinonasal carcinoma (R172S; 400X magnification). The left panel

(hematoxylin and eosin, A) demonstrates a nested population of epithelioid cells with a
prominent nucleolus, variable hyperchromasia and dusky blue cytoplasm typically noted
in undifferentiated neoplasms in the head and neck. There is focal necrosis indicated

by asterisks. The right panel (B) shows immunohistochemistry for multispecific antibody
directed against mIDH1/2 with granular cytoplasmic staining (considered positive if noted
in greater than 10% of cells (as seen here)(12). Micrographs courtesy of Dr. Vickie Y. Jo,
Brigham and Women’s Hospital, Boston, MA.
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Figure 3.

Summary Figure of /DH-mutated tumors (Published with permission from Terese Winslow
LLC. 714 South Fairfax Street, Alexandria, Virginia 22314, terese@teresewinslow.com).
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Table 1:

Literature review of /DHZ2-mutated sinonasal carcinomas, confirmed by molecular or diagnostic
immunohistochemical markers and their histopathologic classification.

Author SNUC-like LCNEC-like PDC-like HG-Non-ITAC
No. of patients

Dogan et al.? 22 5 3 )
30 patients

Mito et al. b - c -
26 patients 23 3

Riobello et al. 9 2 1 2
14 patients

Jo etal. 6 - - -
6 patients

Libera et al. 2 3 - -
5 patients

Heft Neal et al. 1 - - -
1 patient

Total 63 13 4 2

(82 patients)

a . . . .
Including 4 articles with non-overlapping cases;

b . . . .
14 cases confirmed by immunohistochemical markers only;

1 case confirmed by immunohistochemical markers only; SNUC: sinonasal undifferentiated carcinoma; LCNEC: large cell neuroendocrine
carcinoma; PDC: poorly differentiated carcinoma; HG-Non-ITAC: high grade non-intestinal-type adenocarcinoma.
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