
Vol.:(0123456789)1 3

Current Otorhinolaryngology Reports (2024) 12:1–10 
https://doi.org/10.1007/s40136-023-00496-9

REVIEW

Experimental Models of Sinonasal Tumors for Preclinical Testing 
of Candidate Targeted Therapies

Helena Codina‑Martínez1 · Sara Lucila Lorenzo‑Guerra1 · Virginia N. Cabal1 · Rocío García‑Marín1 · 
Cristina Riobello1 · Laura Suárez‑Fernández1 · Blanca Vivanco2 · Verónica Blanco‑Lorenzo2 · Fernando López3 · 
Paula Sánchez‑Fernández3 · Mario A. Hermsen1 · José Luis Llorente3

Accepted: 3 October 2023 / Published online: 27 November 2023 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2023

Abstract
Purpose of Review  This paper aims to describe the available in vitro and in vivo models of different sinonasal cancer sub-
types as tools both for improving our knowledge of the signaling pathways involved in tumorigenesis and for evaluating the 
response to candidate therapeutic inhibitors in a preclinical setting.
Recent Findings  Starting as far back as 1981, in vitro tumor models have been established from sinonasal malignancies. 
However, especially in the last decade, new cell lines have been presented fully annotated with clinical and genetic data, 
making them ideal for testing candidate anti-cancer agents targeting specific oncogenic signaling pathways. In addition, 
first attempts have been made to create three-dimensional organoid cultures and mouse models, which may better reflect 
the cellular heterogeneity and architecture of the patients’ tumors.
Summary  Experimental models representing various sinonasal cancer subtypes are available and may help to bridge the 
gap between laboratory investigation and clinical application.

Keywords  Sinonasal cancer · Tumor cell lines · Organoid models · Translational research · In vitro functional assays · 
Preclinical drug testing

Introduction

The nasal and paranasal cavities harbor a great histologi-
cal diversity of cancer types, the most frequent include 
squamous cell carcinoma (SNSCC), undifferentiated carci-
noma (SNUC), and malignant mucosal melanoma (MMM) 

arsing mainly in the nasal cavity and maxillary sinus, and 
intestinal-type adenocarcinoma (ITAC), neuroendocrine 
carcinoma (SNEC), and olfactory neuroblastoma (ONB) 
mainly in the ethmoid sinus. The standard treatment of most 
sinonasal cancers is surgery followed by complementary 
radiotherapy. SNUC, SNEC, sarcomas, and many locore-
gionally advanced tumors including SNSCC and ONB are 
also treated with conventional chemotherapy using cisplatin, 
5-FU, or Taxane [1]. Endoscopic approaches have improved 
patient recovery and reduced complications, while imaging 
and radiotherapeutic techniques have become more precise. 
Still, clinical management remains a challenge due to the 
close proximity of delicate organs as eyes and brain [2, 3].

Overall survival ranges between 20 and 60% at 5 years, 
depending on tumor subtype and stage. Recurrences are the 
main cause of death, while lymph node metastasis are infre-
quent. A practical approach for neoadjuvant, concomitant 
or adjuvant therapy would be the application of modern 
inhibitors of molecular targets that have shown good clinical 
responses in other more frequent tumor types with the same 
or similar genetic aberrations. Such targets can be proteins 
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involved in signaling pathways that regulate cell prolifera-
tion, differentiation, apoptosis, invasion or response to the 
immune system [4, 5•]. To date, however, sinonasal cancer 
patients have mostly been excluded from the testing of these 
modern targeted therapies in clinical trials.

Several preclinical models representing various sinona-
sal cancer subtypes have become available and may help to 
bridge the gap between laboratory investigation and clinical 
application. In this review, we will present an overview of 
published cell lines and animal models with an emphasis 
on those that have been characterized on the genetic level. 
In vitro models are evolving from two-dimensional cell 
lines to three-dimensional organoid cultures which retain 
much of the cellular and genetic heterogeneity of their 
original tumors and are better able to predict the efficacy 
of inhibitory drugs targeting cellular pathways deregulated 
by genetic alterations. Such drugs may have cytostatic or 
cytotoxic effects, or may be able to induce cell maturation 
toward a normal adult differentiation. We will briefly point 
to recent, still unpublished, efforts to create organoid models 
of sinonasal tumors.

Sinonasal Cancers are a Histologically 
and Genetically Diverse Group of Rare Tumors

With a combined incidence of approximately 0.5 
patients/100,000 inhabitants [6–8] sinonasal cancers are offi-
cially recognized as rare tumors. Moreover, there are a large 
number of cancer subtypes, each with their own clinical, histo-
logical, and genetic characteristics, making it difficult for clini-
cians to obtain experience with diagnosis and treatment [9].

It may be speculated that the great histological variety of 
sinonasal tumors is related to the fact that normal stem cells 
in the sinonasal epithelium are capable of differentiating into 
various adult cell types, including squamous, glandular, mes-
enchymal, neuroendocrine, and even neuronal cells [10], and 
when transformed into malignant cells, they give rise to his-
tologically very different tumors. Alternatively, differentiated 
lineage-specific cells may suffer malignant transformation and 
subsequently acquire stem-cell properties. Yet, another pos-
sibility is a proces of transdifferentiation. A good example is 
ITAC, thought to arise respiratory/olfactory mucosa changing 
to intestinal differentiation, possibly via a premalignant intesti-
nal metaplasia stage [11, 12]. These tumors truly display intes-
tinal differentiation with the same four recognized subtypes, 
papillary, colonic, solid and mucinous (including signet ring 
cells) as known in gastro-intestinal adenocarcinomas. Sinona-
sal tumors can also frequently display more than one histo-
logical appearance at the time of presentation, e.g., SNSCC/
SNEC [13–16], human papilloma virus (HPV) positive SCC/
SNEC [17], ITAC/SNEC [18, 19], ONB/ITAC [20], ONB/
SCC/Adenocarcinoma [21], ONB/SNEC [22]. Perhaps most 

telling is teratocarcinocarcinoma (TCS), defined as an admix-
ture of epithelial, mesenchymal, neuroendocrine and germ 
cell elements. In addition, premalignant inverted papilloma 
(ISP) has been reported in collision with SNUC and SNEC 
[22–25]. Finally, there are published cases where locoregional 
recurrences are of a different histological subtype than their 
corresponding primary tumors, for example ITAC recurring 
as SNUC, ONB or SNUC recurring as non-ITAC adenocarci-
noma, or ISP recurring as SNUC [26–28].

From the available studies to date, we know that within 
the group of sinonasal cancers, individual histological sub-
types are different at the genetic level. MMM show recur-
rent mutations in genes of the MEK pathway (e.g., NRAS, 
NF1), ITAC in genes of WNT (e.g., APC, CTNNB1), DNA 
repair (e.g., BRCA1/2, ATM), MEK (e.g., KRAS, NF1) and 
PI3K (e.g., PIK3CA, MTOR) pathways, SNSCC in the gene 
EGFR and SNUC in the gene IDH2.

Generally speaking, none of these genetic aberrations occur 
in high frequencies or exclusively in one tumor type. How-
ever, some tumor-specific chromosomal translocations [29] 
and gene mutations [5•, 30, 31] are strongly associated with 
specific tumor types. Examples are BRD4::NUTM1 fusion in 
Nuclear protein in testis (NUT) carcinoma, DEK::AFF2 fusion 
in Non-keratinizing SNSCC, SMARCB1 mutations/deletions 
in SMARCB1-deficient carcinoma and SMARCA4 mutations 
in TCS and subsets of SNUC and SNEC [32–35]. A few genetic 
alterations including mutations in TP53, CDKN2A, FANCA, 
and NOTCH and amplification of FGFR1 may be common in 
various sinonasal tumor types [36].

Poorly differentiated histology is a frequent phenome-
non in sinonasal tumors [37, 38••]. Undifferentiated cells 
in the tumors do not mature to their normal adult function, 
contributing to uncontrolled cell growth. It has been shown 
that epigenetic events such as DNA or histone methylation 
often result in a block in cellular differentiation [39]. Still, 
few epigenetic studies have been published on sinonasal 
tumors, showing recurrent alterations in genes involved in 
epigenetic processes identified in sinonasal tumors include 
IDH2, SMARCB1, SMARCA4, and ARID1A [40–44]. A 
promising new application for methylation analysis is with 
tumor classification. Jurmeister et al. showed the diagnostic 
potential of unique DNA methylation profiles in a large set 
of sinonasal tumor types [45••].

Knowledge of genetic and epigenetic characteristics is 
crucial for the development of personalized therapies and 
for the inclusion in clinical studies testing modern treat-
ments against molecular targets [4, 46, 47••]. A number of 
the above-described genetic alterations in sinonasal cancer 
are already used as targets for therapies in more common 
and better characterized cancers, and thus may also be con-
sidered for treatment of sinonasal cancer patients. Further 
basis for the potential efficacy of candidate therapies can 
be obtained from preclinical tumor models. The following 
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paragraphs will describe the available in vitro and in vivo 
models of different histological sinonasal tumor subtypes, 
and they are summarized in Table 1.

Keratinizing Squamous Cell Carcinoma 
(SNSCC) and Inverted Papilloma (ISP)

This subtype is the most frequent and best-studied sinonasal 
tumor, arising mostly in the maxillary sinus and the lower 
nasal cavities. Premalignant inverted papilloma (ISP) and 
ISP-associated SNSCC carry frequent (30–91%) EGFR exon 
20 mutations and appear to carry a better prognosis than 
wildtype tumors [48, 49]. HPV infection has been described 
in 38% of ISP and 31% of SNSCC, possibly occurring mutu-
ally exclusive with EGFR exon 20 mutation, while recent 
studies on ISP and SNSCC have also shown frequent inacti-
vating mutations in CDKN2A as well as loss of p16 expres-
sion [48–52]. Other recurrent mutations include TP53, 
KRAS, PIK3CA, NF1, and NFE2L2 [50, 51].

These genetic alterations point to EGFR, PI3K-MTOR, 
MEK and cell cycle control signaling pathways as candidate 
therapeutic targets. Several drugs inhibiting the activity of 
these pathways are applied or being tested in clinical trials 
to treat more common solid cancers. Examples are EGFR 
exon 20 inhibitors amivantamab and mobocertinib in recur-
rent lung cancer, PI3K-MTOR pathway inhibitors apelisib, 
fulvestrant, everolimus in cutaneous melanoma, lung and 
breast cancer, MEK inhibitors trametinib, cobimetinib in 
cutaneous melanoma [53].

SNSCC is also the tumor subtype from which the largest 
number of cell lines have been generated. In 2014, our group 
presented six new cell lines named SCCNC1, SCCNC2, 
SCCNC4, SCCNC5, SCCNC6, and SCCNC7 from primary 
and previously untreated SNSCC [54]. Later, we established 
two additional cell lines from a local recurrence and a lymph 
node metastasis of the same patient as SCCNC6 who after 
surgery of the primary tumor had refused radio/chemother-
apy. These two cell lines related to SCCNC6 were named 
SCCNC6REC and SCCNC6LN, respectively (unpublished 

Table 1   List of in vitro models of sinonasal cancers

a Therapy administered before taking the biopsy
b Derived cell lines from lymph node metastasis and recurrence unpublished
c Immortalized by gene transfections
d Unpublished

Cell line Localization Stage Gender Tumor type Biopsy Therapya Published Reference

MC Maxillary/Ethmoid sinus T3N0M0 f SCC PT no 1980 in 54
IMC-2,3,4 Maxillary sinus T3N0M0 m SCC PT no 1992 in 54
FS-1 Maxillary sinus T4N0M0 m SCC PT no 1994 in 54
KKM-A Maxillary sinus T2N0M0 m SCC PT no 1990 in 54
SCCNC1 Maxillary sinus T2N1M0 m SCC PT no 2014 54
SCCNC2 Maxillary sinus T4N1M0 m SCC PT no 2014 54
SCCNC4 Maxillary sinus T2N1M0 f SCCisp PT no 2014 54
SCCNC5 Maxillary sinus T2N0M0 m SCC PT no 2014 54
SCCNC6_TP_LN_Recb Maxillary sinus T2N0M0 m SCC PT no 2014 54
SCCNC7 Maxillary sinus T4N2bM0 m SCC PT no 2014 54
UM-SCC-112 Maxillary sinus ? f SCCisp PT ? 2015 48
MOP-IPST-1 Maxillary sinus T4N0M0 m SCCisp PT no 2021 56
KKM-B,C,D Maxillary sinus T2N0M0 m SCC REC, LN Rt 1990 in 54
HC-2,3,4,7,9 Maxillary sinus rT3N0M0 f SCC REC Rt 1989 in 54
UT-SCC-53 Sinonasal cavities T4N2cM0 m SCC ? ? 2007 in 54
AMC-HN-5 Nasal cavity T3N0M0 m SCC REC Rt + Qt 1997 in 54
UM-SCC-33 Maxillary sinus T4N3aM0 f SCC LN ? 2010 in 54
UM-SCC-85 Nasal cavity T4N0M0 m SCC REC ? 2011 in 54
IP4/K4DTc Nasal cavity Krouse T4 m ISP REC no 2021 57
ITAC-3 Ethmoid sinus T4bN0M0 m ITAC​ PT no 2011 64
MDA8788 Maxillary sinus T4N0M0 f SNUC REC Rt + Qt 2012 68–69
SNEC-MI Maxillary sinus T3N0M0 f SNEC MET Rt + Qt 2004 73–74
PER-909 Ethmoid sinus T4bN0M0 f NUT carcinoma PT ? 2015 70–71
TCS-627 Ethmoid sinus T4N0M0 m TCS PT no d d
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results). An extensive literature search for previously pub-
lished cell lines in 2014 revealed ten unique cell lines, four 
from treatment-naive primary tumors (cell lines MC; IMC-
2,3,4; FS-1; KKM-A) and six from recurrent or metastatic 
tumors (cell lines KKM-B,C,D; HC-2,3,4,7,9; UT-SCC-53; 
AMC-HN-5; UM-SCC-33; UM-SCC-85) [54].

Udager et al. was the first to discover frequent EGFR exon 
20 mutations in ISP-associated SNSCC and ISP, and demon-
strated cell lines SCCNC4 and UM-SCC-112 (the latter pre-
viously unpublished) to carry the EGFR exon 20 mutations 
S768_D770dup and N771_H773dup, respectively [48]. Both 
cell lines appeared sensitive to the irreversible EGFR inhibitors 
neratinib, afatinib, and dacomitinib. Recently, Siegel et al. pre-
sented a new reversible small molecule inhibitor BAY2927088 
with a very potent activity in SCCNC4 cells, but which also acts 
against EGFR exon 19 deletion [55]. Another ISP-associated 
SNSCC cell line named MOP-IPST-1 was created by Swenson 
et al. in 2020. This cell line, although being near-diploid showed 
a multitude of chromosomal translocations. The authors did not 
analyze EGFR exon 20 mutation or HPV, but did report positive 
immunohistochemical staining for p53 and absence of stain-
ing for p16 [56]. Finally, Nukpook et al. immortalized a ISP 
cell culture carrying EGFR exon 20 P772_H773insPYNP, by 
transduction with CCND1, mutant CDK4 and TERT [57]. The 
resulting cell line named IP4/K4DT showed a diploid karyotype 
with only one chromosomal aberration (an addition at 8q24, 
possibly of part of chromosome arm 5q).

In spite of the possible tumorigenic relation of HPV, no 
SNSCC or ISP cell lines have been described that indeed carry 
HPV. Other recurrent genetic abnormalities reported in series 
of analyzed cases SNSCC or ISP include TP53, CDKN2A with 
loss of p16 expression, and NF1 [50–52]. WES analysis of the 
SCCNC cell lines described by Garcia-Inclan et al. showed 
that all six carry mutations in TP53 (including SCCNC4 and 
SCCNC6 which were originally designated TP53 wildtype by 
PCR-sequencing), while CDKN2A and NF1 mutations are pre-
sent in, respectively, SCCNC4 and SCCNC7 [54, 58]. Sequenc-
ing data can be obtained upon request.

Intestinal‑Type Adenocarcinoma (ITAC)

ITAC have 40–50% TP53 mutations which may be associated 
with occupational exposure to wood or leather dust [59]. Nuclear 
expression of β‑catenin indicating Wnt pathway activation has 
been reported in 31–53% of cases [60], and mutations in APC 
and CTNNB1 (coding β-catenin) in 16% of ITAC [61–63]. 
Other recurrent mutations in ITAC include PIK3CA, KRAS, 
NF1, and BRCA1 [61–63]. Until the present moment, only one 
ITAC cell line has been published and it still remains the only 
succesful culture after a great many attempts in our laboratory.

ITAC-3 was derived from a colonic subtype ITAC from the 
ethmoid sinus showing scant CK20 expression and absence of 

nucelar β-catenin expression. It carries a homozygous TP53 
exon 8 mutation with a strong nuclear p53 protein overexpres-
sion. ITAC-3 carries none of the other recurrent mutations 
found in ITAC [64]. A recent study identified four signal-
ing pathways as frequently affected by genetic alterations in 
ITAC; aside from the already mentioned Wnt pathway, these 
are Homologous DNA repair, MAPK, and AKT/PI3K/mTOR 
[62]. We found that ITAC-3 cells indeed show elevated activ-
ity of MAPK and AKT/PI3K/mTOR while cell proliferation 
was greatly reduced by simultaneous exposure to selumitinib 
and everolimus (unpublished results). These first results indi-
cate the possible clinical usefulness of targeted therapy against 
these cellular pathways for ITAC patients.

Undifferentiated Carcinoma (SNUC)

SNUC still essentially is a group of tumors classified by 
exclusion of other diagnosis, showing absence of squa-
mous, glandular, and neuroendrocrine histologies. Subsets 
of SNUC are now recognized as separate tumor entities, 
with NUT carcinoma defined by > 50% NUT expression and 
SMARCB1-deficient and SMARCA4-deficient carcinoma 
defined by loss of expression of these proteins [37, 38••]. 
SNUC also harbors frequent (33–82%) IDH2 mutations and 
some authors have claimed IDH2-mutated cases to represent 
another separate entity. However, IDH2 mutations have also 
been detected in ONB, SNEC, and high-grade adenocarci-
noma [65–67], so more investigation is needed. Very little 
is known on other recurrent genetic aberrations in SNUC.

In 2012, Takahashi et al. published the first and still the 
only SNUC cell line named MDA8788 [68]. It is derived 
from a maxillary sinus T4N0M0 tumor treated with induc-
tion chemotherapy with 4 cycles of etoposide and carbopl-
atin. MDA8788 express epithelial markers E-cadherin and 
b-catenin but not the mesenchymal markers N-cadherin, 
vimentin, a-SMA or the neuroendocrine marker synapto-
physin. Cytogenetic analysis showed an aneuploid karyotype 
with several chromosomal translocations. Later genetic anal-
ysis revealed a high-level amplification of ERBB2 and phos-
prylated-ERBB2 overexpression. Exposure to lapatinib was 
shown to reduce phosphorylated ERBB2 and downstream 
pathways AKT and MAPK [69]. This suggests that inhibi-
tion of these cellular pathways may be a therapeutic option 
for SNUC patients, similar as indicated above for ITAC.

To our knowledge, no in  vitro models of sinonasal 
SMARCB1-deficient and SMARCA4-deficient carcinoma 
have been described in the literature; however, Stirnweiss 
et al. created a fastgrowing immortal cell line PER-909, cul-
tured up to 13 passages, derived from a postmortum biopsy 
of a T4bN0M0 NUT carcinoma originating in the superior 
nasal cavity and ethmoid sinus with a diploid karyotype 
showing a BRD4-NUTM1 fusion, with BRD4 exon 15 fused 
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to the last 124 nucleotides of NUT exon 2 [70]. Additional 
NUT carcinoma cell lines have been established but these 
are derived from other anatomical regions. Several therapies 
against BRD4-NUT fusion NUT carcinomas are being tested 
in clinical studies and include inhibitors of BET bromodo-
main, p300/CBP, CDK9, and CDK4/6 as well as agents tar-
geting DNA repair [71, 72], and the PER-909 cell line will 
be a valuable model for preclinical testing.

Neuroendocrine Carcinoma (SNEC)

In 2004, Noguchi et al. reported the establishment of an 
immortal in vitro cell line derived from a lymph node metas-
tasis of a maxillary sinus SNUC that was previously cultured 
in nude mice [73, 74]. The cell line was designated SNEC-
MI and has been in culture over 50 passages. The neuroen-
docrine phenotype was confirmed by strong cytoplasmic 
positivity of NSE and CD56 at the membrane; however, 
chromogranin A and somatostatin were negative. Karyo-
typing showed near-triploidy with multiple chromosomal 
translocations. To our knowledge, no further genetic char-
acterization of preclinical functional assays with anticancer 
agents have been performed with SNEC-MI cells.

SMARCA4‑Deficient Carcinoma

Subsets of SNEC and also SNUC and TCS have been reported 
to be SMARCA4-deficient [75–77]. Spectral karyotyping of 
the above-described SNUC MDA8788 and SNEC-MI cell 
lines showed structural aberrations involving chromosome 
19, possibly 19p13, which is the chromosomal location of the 
SMARCA4 gene [68, 74]. However, it is not known if MDA-
6788 and SNEC-MI have lost SMARCA4 protein expression.

Our lab has recently set up in vitro cell line derived from a 
T4N0M0 TCS originating from the ethmoid sinus. This cell 
line named TCS-627 has now been in culture over 60 passages. 
We have characterized the cells and its original primary tumor 
immunohistochemically and genetically. One important feature 
of this cell line is SMARCA4 gene mutation, with absence of 
SMARCA4 as well as SMARCB1 protein expression, making 
it a bona fide model of TCS (unpublished results).

Mouse Models and Organoids

An important feature of sinonasal tumors is their wide histologi-
cal divergence often showing loss of differentiation. Although 
two-dimensional cell lines are used to analyze the expression 
of differentiation markers, such studies do not do justice to all 
the cellular processes involved in these processes. This is where 
three-dimensional in vitro organoid models and also in vivo 

orthotopic mouse xenograft models can play a role. Forcing 
tumor cells back into normal cell differentiation and matura-
tion is a therapeutic option alternative to killing tumor cells 
or reducing their proliferation with cytotoxic or cytostatic 
agents. The first successful differentiation therapy for cancer 
was all-trans retinoic acid treatment in acute promyelocytic 
leukemia; however, several more inhibitors have demonstrated 
differentiation effects in multiple solid tumors [78]. Differentia-
tion processes are often affected by aberrant DNA and histone 
methylation and several genetic alterations that cause methyla-
tion changes have been reported in sinonasal tumors, including 
IDH2, SMARCB1, SMARCA4, KMT2A/B/C/D, SETD2, and 
ARID1A [45••, 66, 79]. These genes or the pathways in which 
they are involved can be used as target for treatment with mod-
ern inhibitors [80–83].

Three-dimensional cultures using hydrogels or scaffolds of 
porous forms have been shown to closely mimic tissue physi-
ology, architecture, and microenvironment by reconstructing 
a true extracellular matrix. Scaffolds also allow co-culture 
of stromal, endothelial, and immune cells. In addition, they 
have the advantage of reducing the need of experimental 
animals [84–87]. Comparison of two- and three-dimensional 
preclinical models indicated significant differences in gene 
and protein expression, proliferation, cell differentiation, and 
drug response, showing 3D models to be closer to animal 
models [84]. The application of patient cells and biomaterial 
scaffolds for personalized screening in cancer is still at its 
infancy, and only a limited number of studies are proposed 
in the literature [86]. Danti and coworkers at the university 
of Pisa have made the first attempts of creating organoid cul-
tures of sinonasal tumors [88, 89].

In 2012, Takahashi et al. presented a mouse model created 
by injecting cells of SNUC cell line MDA8788 into the mus-
cle of the soft palate. This model showed local invasion into 
muscle, bone, nerve, blood vessels, lymphatic vessels, and the 
brain [68]. Using cell line SCCNC4, Costales et al. created an 
orthotopic mouse model by inoculating the cells at the level of 
the medial wall of maxillary sinus. This model showed invaded 
bone, surrounding tissues, and brain, showing the same poor 
differentiation as the original primary tumor from which the 
cell line was derived. However, genetic analysis of the cell line 
and the mouse xenograft tumor revealed deletions of genes 
CDKN2A and PTEN that were not present in the original pri-
mary tumor, indicating that in vitro or in vivo models are not 
always 100% representative of their original tumors [90].

Other Sinonasal Tumor Models… or No?

We have been unable to find any other sinonasal tumor 
models in the literature; however, we came across a few 
that may or may not be valid for sinonasal cancer. Back in 
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1988, Cavazzana et al. presented two ONB cell lines JFEN 
and TC-268 [91]. However, Sorensen et al. showed that 
both lines expressed EWS/FLIl translocation and protein 
fusion indicative of the Ewing sarcoma family of childhood 
peripheral primitive neuroectodermal tumors [92], and thus 
it remains unclear if these cell lines actually represent ONB.

Several cell lines have been established from skin mela-
noma, but we were unable to find models for sinonasal MMM 
in the literature. Ju et al. did create an orthotopic mouse model 
of maxillary sinus MMM, but for inoculation they used the 
cell line B16 which originally was derived from a cutaneous 
melanoma [93]. MMM are genetically different from cutaneous 
melanoma having a lower tumor mutation burden and a higher 
number of chromosomal rearrangements. Recurrent gene muta-
tions in sinonasal MMM include NRAS, BRAF, NF1, KIT, 
SF3B1, CDKN2A, and APC mutations [94, 95]. A number of 
papers reported cell lines established from oral MMM [96–98]. 
It may be that oral MMM are genetically similar to sinonasal 
MMM; in that case, these oral MMM cell lines may be of use 
also as preclinical models for sinonasal MMM.

Conclusions

Many different types of tumors arise in the sinonasal 
cavities. Their incidence is low, a fact that has hampered 
molecular-genetic studies on tumorigenic pathways and the 
testing of alternative treatment strategies. In vitro tumor cell 
lines are valuable tools for functional studies on processes 
as proliferation, differentiation, invasion and metastasis, 
as well as preclinical testing of new therapeutic agents. 
Experimental models representing various sinonasal cancer 
subtypes are available and may help to bridge the gap 
between laboratory investigation and clinical application.
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