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Abstract: Primary tracheal tumors are rare, constituting approximately 0.1–0.4% of malignant dis-
eases. Squamous cell carcinoma (SCC) and adenoid cystic carcinoma (ACC) account for about
two-thirds of these tumors. Despite most primary tracheal cancers being eligible for surgery and/or
radiotherapy, unresectable, recurrent and metastatic tumors may require systemic treatments. Unfor-
tunately, the poor response to available chemotherapy as well as the lack of other real therapeutic
alternatives affects the quality of life and outcome of patients suffering from more advanced disease.
In this condition, target therapy against driver mutations could constitute an alternative to chemother-
apy, and may help in disease control. The past two decades have seen extraordinary progress in
developing novel target treatment options, shifting the treatment paradigm for several cancers such
as lung cancer. The improvement of knowledge regarding the genetic and biological alterations, of
major primary tracheal tumors, has opened up new treatment perspectives, suggesting the possible
role of biological targeted therapies for the treatment of these rare tumors. The purpose of this review
is to outline the state of knowledge regarding the molecular biology, and the preliminary data on
target treatments of the main primary tracheal tumors, focusing on salivary-gland-derived cancers
and squamous cell carcinoma.

Keywords: primary tracheal tumor; rigid bronchoscopy; radiotherapy; adenoid cystic carcinoma;
treatment outcome; survival

1. Background

Primary tracheal tumors are rare, constituting approximately 0.1–0.4% of malignant
diseases; they are usually malignant (90%) in adults, while in children, they are rarer and
are mostly benign (only 10–30% of malignant tumors) [1].

Squamous cell carcinoma (SCC) and adenoid cystic carcinoma (ACC) account for about
two-thirds of all adult primary tracheal tumors, although a heterogeneous group of benign
and malignant tumors may arise from the structures of the tracheal wall [2]. Diagnosis is
often late because symptoms appear only when the central airway tumor has occupied more
than 60% of the tracheal lumen [3]. Furthermore, symptoms are often mistaken for those
of other respiratory diseases such as asthma or obstructive pulmonary disease (COPD),
resulting in diagnosis delay and limiting the possibility of surgery due to the advanced
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stage of the disease. Surgical resection supplemented by postoperative radiotherapy is the
treatment path of choice to achieve long-term survival and relieve airway obstruction [4].
Patients not suitable for surgery are managed with definitive radiation therapy. Local
recurrence and extrathoracic metastasis are not uncommon and may require systemic
treatment such as chemotherapy or target therapy [5]. Studies focused on the biological
alteration of these tumors are limited. However, understanding the molecular alterations
behind these tumors could improve the therapeutic management of non-resectable cancers
by opening up the possibility of target treatments. The purpose of this review is to outline
the state of knowledge regarding the molecular biology, and the preliminary data on target
treatments of these rare tumors, focusing on salivary-gland-derived cancers and squamous
cell carcinoma.

2. Primitive Tracheal Tumors Derived by Salivary Glands
2.1. Adenoid Cystic Carcinoma
2.1.1. Pathological Features

Together with SCC, ACC represents the most frequent type or primary tracheal tumors.
ACC arises presumably from the primitive tracheobronchial seromucinous glands, showing
myoepithelial and ductal cell differentiation [5]. The first pathological and clinical descrip-
tion of primitive ACC of the trachea was drawn by Billroth in 1859 as a benign glandular
neoplasm or adenoma [6]. However, ACC is now considered a low-grade malignant tumor
due to its local invasiveness and ability to metastasize to distant organs. Histologically,
ACC is a biphasic tumor comprised of ductal and myoepithelial components. Three histo-
logical growth patterns have been described [7]. Cribriform is the most common pattern,
featured by uniform basaloid cells surrounding pseudocysts, arranged in well-defined
islands of variable size, defining a “Swiss cheese” or sieve-like pattern. The cyst-like spaces
are referred to as “pseudocysts” because they do not represent true glandular lumina and
contain basophilic glycosaminoglycans. However, nests with true glandular lumina, com-
posed of cells with ductal differentiation, are rarely observed in this growth pattern. The
trabecular pattern is featured by eosinophilic hyalinized stroma surrounding basaloid cells
arranged in thin strands, forming a tubular architecture. Well-formed ducts with epithelial
and myoepithelial layers are more prominent than in the cribriform pattern. The solid pattern
is featured by basaloid cells aggregated without the formation of tubular architecture or
cysts. Furthermore, in this pattern, tumor cells appear larger, nuclear pleomorphism is
more accentuated, and mitotic figures and comedonecrosis are usually seen [7]. ACC rarely
presents a pure growth pattern, while more frequently the different patterns are mixed.
Szanto P.A. et al. proposed a grading system based on the percentage of each pattern in
tumor composition [8]. Grade I tumors contain only the trabecular or cribriform pattern
without a solid component. Grade II tumors are composed of a trabecular or cribriform
pattern associated with a solid growth pattern of less than 30%. Finally, grade III ACC
is composed of a solid component of more than 30%. Although the results of studies are
conflicting, the presence of a solid pattern is commonly considered a factor related to poor
prognosis in patients suffering from ACC [9,10]. ACC is usually an indolent salivary gland
carcinoma characterized by slow growth within the tracheal lumen; thus, diagnosis is often
delayed for 5 or more years. However, ACC can occasionally undergo transformation to
high-grade carcinomas, defining a pathologic condition named “dedifferentiated ACC” [11].
The term “dedifferentiated” is typically applied to sarcoma such as chondrosarcoma and
liposarcoma showing a transition from a low-grade area to a more pleomorphic undiffer-
entiated phenotype [12]. High-grade or “dedifferentiated” ACC contains two histologic
patterns: an area of conventional ACC and an area of undifferentiated carcinoma or poorly
differentiated adenocarcinoma. Histologic markers of this high-grade transformation in
ACC are: the loss of biphasic ductal–myoepithelial differentiation, the presence of areas of
necrosis, and a high mitotic rate [13]. Other findings include micropapillary and squamous
growth patterns as well as fibrocellular desmoplasia. “Dedifferentiated ACC” is associated
with an accelerated clinical course with a high propensity for lymph node metastases13.
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Despite the molecular mechanisms behind this transformation not being clear, p53 mutation
seems to play a significant role [14].

2.1.2. Molecular Biology of ACC

Seminal cytogenetic work by Sandros et al. reviewed a large sample of 189 benign
and malignant salivary gland tumors, collected over 10 years [15]. A chromosome pattern
featured by chromosome 6 deletion was observed in more than 50% of the ACC cases,
suggesting a role in tumorigenesis through an oncogene activation or through a loss of
tumor suppressor residing in this region [15]. Specifically, the breakpoints were clustered
within the 6q22–25 region, causing a minimal common deletion of at least 6q25-qter. How-
ever, subsequent fluorescent in situ hybridization (FISH) studies found that the loss of
6q had been misinterpreted by banding studies. Indeed, the distal 6q “deletions” were a
result of the translocations between the long arm of chromosome 6 and the short arm of
chromosome 9. Persson M et al. showed a recurrent t(6;9)(q22–23;p23–24) translocation
in ACC resulting in a fusion of the MYB oncogene to the transcription factor NFIB [16].
The MYB–NFIB fusion proteins retain the DNA-binding and transactivation domains of
MYBand; it is therefore expected to activate MYB target genes. MYB belongs to a family of
proteins that function as transcriptional regulators. MYB transcription factors are highly
conserved from plants to vertebrates, suggesting a fundamental role in cellular homeostasis
through different mechanisms such as the control of cell proliferation, apoptosis and cell
differentiation. Furthermore, MYB plays a critical role in mammalian hematopoiesis, as
indicated by its ability to regulate fetal hemoglobin expression and by embryonic lethality
due to hepatic hematopoiesis in case of MYB disruption [17,18]. However, MYB activity is
essential also for cell duplication through cyclin-dependent kinase (Cdks) expression and
activity regulation [19]. MYB family members are often aberrantly expressed in human can-
cer, emphasizing their key role in the initiation and maintenance of cancer. Hyperexpression
of MYB was first described in leukemic cells and more recently in solid cancers. However,
the overexpression of wild-type MYB is not able to promote epithelial cell transformation,
and genomic rearrangements is required [20]. In ACC, chromosomal rearrangements, i.e.,
t(6;9)(q23;p23), result in the translocation of strong enhancers near MYB or the MYBL1
locus, which activates their transcription. Translocation may also cause a loss of genetic
material; therefore, it can be assumed that the consequent loss of tumor suppressor gene
may play a role in ACC pathogenesis. However, an effort to identify a tumor suppressor
gene at chromosome 6 loci, a typical site of deletions in ACC, was unsuccessful [21]. The
molecular mechanisms by which MYB is activated by the t(6;9) translocation is still ob-
scure. The gene fusion results in minimal MYB lost in exon 15 including the 3′-UTR, which
contains several highly conserved target sites for miR-15a/16 and miR-150 micro-RNAs.
These microRNAs were recently shown to regulate MYB expression negatively. Therefore,
it was assumed that the deregulation of MYB may be the result of a loss of binding sites
for negatively regulating miRNAs [16]. However, Drier et al. examined the genomic loci
translocated to MYB in patients suffering from ACC and identified several super-enhancers
in the rearranged portion of NFIB, which is able to interact with the MYB promoter, causing
its overexpression [22]. This observation suggests that promoted–enhancer interactions
may play a critical role in ACC tumorigenesis. Studies focused on fusion-positive tumors
showed the overexpression of MYB target genes such as genes associated with cell cycle
control (CCNB1, CDC2 and MAD1L1), apoptosis (AP15, BCL2, BIRC3, HSPA8 and SET),
cell growth (MYC, KIT, VEGFA, FGF2, CD53), and cell adhesion (CD34) [16]. However,
MYB is also highly overexpressed in ACC tumors without detectable chromosomal translo-
cation. Frerich C.A et al. provided evidence that ACC tumors may use an alternative MYB
promoter, named TSS2, leading to the expression of N-terminally truncated MYB proteins
(∆N Myb) with distinct functional activities [23]. The expression in cells of these Myb pro-
teins with an N-terminal deletion changes the spectra of genes activated, leading to altered
expression of hundreds of genes with a large impact on the activity of the oncoprotein [23].
RNA-seq analyses conducted by Freich C.A et al. showed that ∆N-Myb-expressing cells



Int. J. Mol. Sci. 2023, 24, 11370 4 of 23

displayed activates SEMA4D signaling, which is implicated in invasiveness and perineural
invasion and is correlated with ACC patient outcomes [23].

2.1.3. Consequences of Myb Overactivation in ACC

Activation of the master transcriptional regulator MYB through chromosomal translo-
cation, copy number gain, or enhancer hijacking is the genomic hallmark of ACC. The
consequences and downstream activation pathways due to the fusion protein or MYB
overactivation in ACC cells have been analyzed in some studies. Andersson M.K et al. in-
vestigated the transforming potential and molecular consequences of MYB and MYB–NFIB
overexpression in human mammary epithelial cells and cultured ACC cells [24]. This study
showed that overexpression of MYB and MYB–NFIB fusion have analogous cellular conse-
quences for cell proliferation and downstream target gene activation, both leading to the
transformation of human glandular epithelial cells. Furthermore, they identified the DNA-
damage sensor kinase ataxia telangiectasia and Rad3-related (ATR) as a MYB downstream
target that is overexpressed in primary ACCs and ACC-patient-derived xenografts [24].
Genome instability is a hallmark of cancer, and DNA replication is the most vulnerable
process that can lead to it. Normal cells are able to respond to DNA damage through
different mechanisms of repair and through the activation of the checkpoint kinases. The
coordination process of these complex mechanisms is known as the DNA damage response
(DDR) [25]. Any condition leading to a high level of DNA damage will result in replication
stress, a phenomenon characterized by DNA synthesis slow down and/or replication fork
stalling. Replication stress is the primary cause of genome instability and is a typical feature
of pre-cancerous and tumor cells. ATR is one of the main components of cellular DDR
activated by replication stress. Oncogene expression drives cell proliferation by interfering
with the controlling pathways of the cell cycle, resulting in replication stress and in a
constitutive DDR activation, thus providing a link between replication stress and tumorige-
nesis [25]. Different observations showed that the loss of ATR pathway activity is lethal
upon oncogene-induced replication stress or a lack of p53 function [26,27]. Upregulation
of the ATR pathway has been described in several tumors and is required for cancer-cell
survive under a replication stress environment [28,29]. Andersson M.K et al. showed
that MYB and MYB–NFIB activate a significant number of DNA repair genes and genes
involved in cell cycle control, promoting DDR [24]. This mechanism can partially explain
the resistance to genotoxic stress typical of ACCs. However, coregulation of MYB and ATR
is not restricted to ACC but has also been described in other human malignancies such as
acute myeloid leukemia, adult T-cell acute lymphoblastic leukemia and colon carcinoma.
All of these data suggest that the main function of ATR pathway overexpression in ACC is
to promote tumor cell survival through an anti-apoptotic function at the level of mitochon-
dria [30]. In support of this hypothesis, the treatment of cultured MYB-positive ACC cells
with phase 2 ATR kinase inhibitor VX-970 results in significant tumor growth inhibition
and apoptosis [24]. These data indicated that the inhibition of ATR pathway could be an
interesting future therapeutic option in ACC with co-expression of MYB and ATR. The
consequence of MYB overexpression in ACC cells was also explored by Xu et al., using
the ACC cell line SACC-83 [31]. The authors overexpressed MYB, using a lentiviral vector,
and knocked down MYB, using siRNA, in ACC cells, which showed that MYB overexpres-
sion promoted ACC cell proliferation, migration and invasion, whereas its knockdown
inhibited these activities [31]. Furthermore, MYB overexpression was associated with the
downregulation of CDH1 (the gene that encodes cadherin-1; E-cadherin) and upregulation
of CDH2 (the gene that encodes cadherin-2; N-cadherin), VIM (the gene that encodes
vimentin) and ACT2 (the gene that encodes actin, aortic smooth muscle), suggesting that
MYB promotes epithelial–mesenchymal transition (EMT). EMT is a complex transforma-
tion process that induces local and distant progression of many cancers through a cellular
differentiation from polarized epithelial phenotype to mesenchymal features; thus, the
cells gain an invasive phenotype and stronger motility. The EMT process is marked by a
loss of E-cadherin and by the expression of mesenchymal markers such as vimentin and
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N-cadherin [32]. Therefore, the results of Xu et al.’s study suggest that MYB regulated
ACC metastasis by promoting EMT. Furthermore, the effect of MYB on tumor metastasis
promotion was also investigated in an animal model, in vivo, through an injection of MYB
overexpressing cells or control cells into the mouse tail vein [31]. The lung tissues were
collected from all mice after 8 weeks. The mice injected with MYB-overexpressing cells
had visible tumor nodules, which were not observed in mice treated with control cells;
suggesting a key role of MYB in the promotion of lung metastasis [31]. MYB is able to
decrease apoptosis and promote cancer cell survival through (vi) upregulation, which
encodes proteins belonging to the BCL-2 family [33]. The BCL-2 proteins have conserved
BCL-2 homology (BH) domains and are classified as pro- or anti-apoptotic proteins. The
BCL-2-associated X protein (BAX) and the BCL-2 homologous antagonist killer (BAK) are
pro-apoptotic multi-domain members that contain several conserved BH domains and act
as apoptosis executors in mitochondria. MCL-1 is widely expressed in human cells and
is located in the mitochondrial membrane via a hydrophobic tail [33]. MCL-1 exerts its
anti-apoptotic function by sequestering BAK/BAX proteins [33]. Given the critical role
of the BCL-2 family protein in maintaining cellular homeostasis, perturbation of these
complex control mechanisms through the upregulation of anti-apoptotic MCL-1 protein
can promote tumorigenesis. The overexpression of MCL-1 is described in several human
cancers such as non-small cell lung cancer, breast cancer, ovarian cancer and pancreatic
cancer [34]. MCL-1 upregulation may also play a significant role in cancer cell survival and
drug resistance in ACC with MYB overexpression. Furthermore, in ACC cells, MYB is able
to promote the migration and invasion of cancer cells through the upregulation of VEGFA
and ICAM-1, and by increasing MMP7 and MMP9 expression [31]. Figure 1 summarizes
the consequence of MYB activation in ACCs.
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Figure 1. Molecular alterations behind ACC pathogenesis.

Translocations between the long arm of chromosome 6 and the short arm of chro-
mosome 9 result in the fusion of the MYB oncogene to the transcription factor NFIB. The
biological consequence of MYB–NFIB fusion is the overexpression of MYB with the acti-
vation of the target genes promoting cell survival, invasion and chemotherapy resistance.
Read the text for details. ATR: ataxia telangiectasia and Rad3-related (ATR), CDH2: Cad-
herin 2, VIM: Vimentin, ACT2: Actin Alpha 2, Smooth Muscle, CDH1: Cadherin 1, MCL-1
myeloid cell leukemia-1, BAX: BCL-2-associated X protein.
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2.1.4. Receptor Tyrosine Kinase and Growth Factors Expression in ACC

Several tyrosine kinase receptors and growth factors are overexpressed in ACC. One of
them is c-KIT, whose mutations affect signaling pathways such as NOTCH, PI3K Catalytic
Subunit Alpha, and PTEN, as well as alterations in chromatin remodeling genes [35]. c-Kit
is a receptor tyrosine kinase whose dysregulate function caused by either overexpression
or mutation is involved in the development of several cancers such as hematological malig-
nancies, thyroid cancer and breast cancer [36]. c-KIT, mapped to chromosome 4q11–12 in
humans, was discovered in 1986 as the cellular homolog of the transforming viral oncogene
v-kit in the Hardy–Zuckerman 4 feline sarcoma virus [37]. Binding of c-KIT to its ligand,
stem cell factor (SCF), results in c-KIT homodimerization and autophosphorylation of se-
lected tyrosine residues with activation of downstream signaling pathways. Signal cascade
due to c-KIT activation is implicated in several physiological processes, including cell
proliferation and survival. c-KIT downstream signaling results in the activation of mitogen
activated protein kinase (MAPK)/extracellular signal-regulated kinase (ERK) pathway,
which is involved in the regulation of gene transcription, promoting cell proliferation and
exerting an anti-apoptotic function [38]. Cell survival, proliferation and evasion of apopto-
sis can also be promoted by the activation of phosphatidylinositol 3kinase/protein kinase B
(PI3K/AKT) and phospholipase-C-γ (PLC-γ) pathways [38]. In addition, phosphorylation
of some c-KIT tyrosine residues leads to the activation and translocation of STAT protein
into the nucleus, promoting the transcription of target genes, which has an influence on
growth, survival, apoptosis and differentiation functions [39]. c-KIT alterations resulting
in “gain of function” such as mutation that led to constitutive activation of c-KIT in an
SCF-independent manner represent an oncogenic driver in the development of several
cancers including gastrointestinal stromal tumor (GIST), melanomas, mastocytosis and
acute myeloid leukemia [38]. Vila et al. studied 14 adenoid cystic carcinoma of the salivary
gland and performed mutational analyses of c-KIT by polymerase chain reaction, clonal se-
lection and DNA sequencing [40]. c-KIT missense point mutations were detected in 88% of
cases, including gain-of-function mutations in exon 11, and less frequently in exon 9, 13 and
17 [40]. However, Jeng Y-M et al. analyzed c-KIT expression and genetic alteration in the
juxta-membrane domain (exon 11) and tyrosine kinase domain (exon 17) in 79 carcinomas
of major and minor salivary glands without identifying gene mutation by DNA sequenc-
ing [41]. A previous study by Holst V A et al. noted Kit protein expression in 90% of ACCs
with an association between the presence of at least 50% Kit-positive neoplastic cells and
Grade 3 ACC or a solid growth pattern [42]. However, no c-KIT mutations were found in
any of the tumors examined [42]. Freier K et al. conducted a study aimed at clarifying if the
overexpression of c-KIT protein in ACC was due to an increase of gene copy number as in
other tumors such as glioblastoma and small-cell lung cancer [43]. Tumor tissue microarray
sections of 55 ACCs were analyzed by fluorescence in situ hybridization (FISH), which
revealed copy number gains of the KIT gene in 6.1% of the tumors [43]. In conclusion, the
reason for kit overexpression in ACC remained unclear, the point mutations presumably
being rare events, while KIT copy number gains may contribute only to a limited subset of
ACC. However, due to the high c-KIT expression in ACC, target therapies against c-KIT
receptor using tyrosine kinase inhibitors have been undertaken in some clinical trials with
negligible clinical benefit. Epidermal growth factor receptor (EGFR) is a transmembrane
tyrosine kinase receptor that showed “gain of function” in many cancers through different
mechanisms such as receptor overexpression, mutations, ligand-dependent receptor dimer-
ization and ligand-independent activation [44]. EGFR signaling cascade is a key regulator in
cell proliferation, differentiation, survival and cancer transformation [44]. EGFR inhibition
is one of the main strategies of treatment in cancer with abnormal activation of this tyrosine
kinase receptor such as non-small lung cancer [45]. Dahse R et al. analyzed 65 salivary
gland carcinomas, among which 25 were ACCs. In ACC samples, the immunohistochem-
ical expression of EGFR was quantified as weak–moderate in 32% and as strong in 64%
of samples [46]. However, EGFR gene mutation is rarely found in ACCs [47]. The lesson
learned from lung cancer is that the concurrent presence of EGFR and Kristen rat sarcoma
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viral oncogene homologue (KRAS) mutations is rare and their appearance is believed to be
mutually exclusive [48]. Furthermore, tumors harboring KRAS mutation showed resistance
to tyrosine kinase inhibitor therapy in different studies [48]. The KRAS gene is a member
of the rat sarcoma viral oncogene family (RAS) and is the most common oncogenic gene
driver in human cancer [49]. RAS proteins are GTPases located downstream of EGFR,
which act as regulators of the EGFR pathways. Gene mutation, typically at codon 12, 13
or 61, may result in constitutive activation of RAS and is associated with poor prognosis
in many cancers. Saida K et al. analyzed the mutational status of the EGFR pathway
genes in 70 cases of ACCs, finding KRAS mutation in 14.3% of cases [47]. Furthermore,
KRAS mutation was associated with poor prognosis for the patient [47]. Several studies
have analyzed EGFR pathway inhibition treatments in patients suffering from ACC, using
different therapeutic agents such as gefitinib, cetuximab, and lapatinib, without finding a
meaningful response rate [50]. Vascular endothelial growth factor (VEGF) is an angiogenic
factor upregulated in several cancers with a key role in tumor angiogenesis. Overexpression
of VEGF is correlated with malignant disease progression and metastasis [51]. In ACC,
high VEGF expression was correlated with the tumor stage and microvessel density [52].
In a study by Park S et al., 68 patients underwent curative surgery, and the available tissue
samples were analyzed [53]. High expression of VEGF was correlated with poor prognostic
factors for overall survival. The Notch signaling pathway is a regulator of self-renewal and
differentiation in several tissues, and its dysregulation is implicated in oncogenic transfor-
mation [54]. The Notch family comprises four transmembrane protein receptors (Notch1
to 4) and five ligands, which are members of the Delta-like (DLL1 to 4) and the Jagged
(JAG1 and JAG2) family. The interaction between the Notch receptor with Delta-like and
jagged ligands on neighboring cells results in downstream signaling activation through the
initiation of the sequential receptor proteolytic cleavages. ADAM10, a cell surface protein
member of the ADAM family metalloprotease, cleaves the receptors on the cell membrane,
releasing the Notch extracellular domain (NECD), while the transmembrane region of the
Notch receptor is cleaved by γ-secretase, generating the Notch intracellular domain (NICD),
which enters the cell nucleus and induces gene expression [55]. In the nucleus, target gene
expression is promoted by the formation of a ternary complex consisting of NICD with
the DNA-binding protein CBF1/RBPjk/Su (H)/Lag1 (CSL), which helps with adaptor
protein Mastermind-like (MAML) transcriptional coactivator recruitment [55]. Despite
point mutations that result in a gain of function in terms of Notch signaling possibly being
relevant for oncogenic events in several hematologic and solid cancers, the true functional
impact of Notch dysregulation in the context of cancer is not yet fully understood. For
example, in glioma, several studies showed that Notch pathway dysregulation may act as
both a tumor suppressor and oncogene [56]. However, in several solid cancers, such as
colorectal carcinoma and pancreatic cancer, activating mutant Notch receptors may further
collaborate with p53 mutations, promoting EMT, enhancing cancer invasiveness [57]. Fur-
thermore, Notch mutations associated with gain of function are able to promote EMT, more
aggressive cancer phenotypes, and gefitinib acquired-resistance in NSCLC [58]. NOTCH1
mutations with gain of function are present in approximately 20% of ACC cases, and are
associated with more aggressive phenotypes, increased tendency to metastasize, and an
overall shorter survival [59]. Ferrarotto R et al. genotyped 102 ACCs that have available
pathologic and clinical data, showing that NOTCH1 mutations define a distinctive ag-
gressive ACC subgroup associated with a significantly higher likelihood of solid subtype,
advanced-stage disease at diagnosis, higher rate of liver and bone metastases, shorter
disease-free survival and shorter overall survival when compared with NOTCH1 wild-type
tumors [59]. Chintakuntlawar et al. retrospectively reviewed genetic testing for mutations
by Foundation Medicine (Cambridge, MA, USA) performed on specimens derived from
twenty-three patients suffering from ACC and identified 41 unique genes demonstrating
either mutations or amplifications, among which 22% (5/23) were NOTCH mutations [60].
Su B et al. analyzed, in a SACC cell line, the effects of NOTCH1 overexpression or NOTCH1
knockdown on proliferation, migration and invasion. The knockdown of NOTCH1 in
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SACC cells significantly inhibited cell migration and invasion; in contrast, the overex-
pression of NICD1 promoted cell motility and invasiveness and robustly increased cell
proliferation over the long term in vitro [61]. Furthermore, to further assess the oncogenic
effect of NOTCH1 on tumorigenicity in vivo, Su B et al. inoculated subcutaneous SACC
cells, knock-down for NOTCH1, silenced by NOTCH1-specific siRNAs, into the flanks of
athymic mice, demonstrating that by silencing the NOTCH1 gene, tumor growth may be
inhibited by inducing cellular apoptosis [61]. All of these data suggest that NOTCH1 gain
of functions act as oncogenes in ACC pathogenesis and may be a potential treatment target.

Phosphatase and tensin homolog (PTEN) is a key tumor suppressor gene that acts by
promoting cellular apoptosis and inhibiting cellular growth by antagonizing phosphatidyli-
nositol 3-kinase (PI3K) signaling. Loss or alteration of PTEN function has been identified
in several solid cancers and results in the activation of downstream components of PI3K
pathway such as AKT and mTOR [62]. Liu et al. conducted an immunohistochemistry
study on a total of 114 human salivary gland tumors, reporting that loss of PTEN expres-
sion is a frequent event in poorly differentiated, high-grade ACC (i.e., solid ACCs) [63].
Furthermore, reduced expression of PTEN in human SACC cell lines correlated with mi-
gration and invasion in vitro and in an animal model. The use of a PI3K/mTOR inhibitor
named NVP-BEZ235 caused strong growth and invasion inhibition both in vitro and in a
xenograft mouse model, suggesting a potential role of treatment in ACCs with loss of PTEN
expression [63]. PI3K/PTEN/mTOR pathway could have a key role in ACC pathogenesis,
as suggested by Ho et al., who determined the ACC mutational landscape identifying recur-
rent mutations in the FGF-IGF-PI3K pathway (30% of tumors) [64]. Figure 2 summarizes
the major molecular mechanisms associated with the aggressive ACC phenotype.
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Figure 2. Molecular alterations associated with ACC aggressive phenotype.

NOTCH1 mutations with a gain of function are present in approximately 20% of ACC
cases. The interaction between the Notch receptor with DLL and JAG on neighboring cells
results in downstream signaling activation through the initiation of the sequential receptor
proteolytic cleavages. The transmembrane region of the Notch receptor is cleaved by g-
secretase, generating the Notch intracellular domain (NICD), which enters the cell nucleus
and induces gene expression through the formation of a ternary complex consisting of NICD
with CSL and MAML. Transcription of target genes ultimately results in the activation
of the EMT process, with improvement in migratory and invasive cell properties. PTEN
is a key tumor suppressor gene that acts by promoting cellular apoptosis and inhibiting
cellular growth by antagonizing PI3K signaling. Loss or alteration of PTEN is a frequent
event in high-grade ACC and results in the activation of the downstream components of
the PI3K pathway, such as AKT and mTOR. NECD: Notch extracellular domain, NICD:
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Notch intracellular domain, DLL: delta-like ligands, JAG: Jagged ligands, MAML: adaptor
protein Mastermind-like, CSL: DNA-binding protein CBF1/RBPjk/Su (H)/Lag1, PTEN:
phosphatase and tensin homolog, PI3K: phosphatidylinositol 3-kinase, mTOR: mammalian
target of rapamycin.

2.1.5. Immune Checkpoint Targets in ACC

CD8+ tumor-infiltrating lymphocytes (TIL) are the key cells of the antitumor response
through the release of enzymes such as perforin and granzyme B (Grb), which induce
apoptosis in cancer cells. This anti-cancer immune response depends on the recognition and
capture of tumor antigens by dendritic cells (DC), which have the task of transporting and
presenting antigens to T lymphocytes in regional lymph nodes. Failure of this mechanism
occurs due to the tumor’s ability to inhibit the immune activation of antigen-presenting
cells, CD8+TIL and Natural Killer (NK), and involve some trans-membrane proteins such
as Programmed Cell Death protein 1 (PD-1) and its ligand PD-L1. Cancer immunotherapy
has been developed with the aim to promote an effective immune response against cancer
cells through the inhibition of “cancer immune escape” mechanisms. PD-1 is a trans-
membrane protein that plays a key role in inhibiting immune responses and promoting
self-tolerance through the modulation of T-cell activity [65]. PD-1 is expressed on activated
NK, B lymphocytes, macrophages, DCs, and monocytes and is highly expressed on tumor-
specific T cells. PD-1 ligand (PD-L1 also referred to as CD279 and B7-H1) is a 33kDa type1
transmembrane glycoprotein usually expressed by macrophages, some activated T and
B cells, DCs, and some epithelial cells under inflammatory stimuli. However, PD-L1 is
overexpressed in tumor cells, acting as one of the main mechanisms for the promotion of
the escape from the anti-tumor immune response, via binding to its receptors (PD-1) [65].
Indeed, the interactions between PDL-1 and PD-1 result in a reduction in the proliferation
of PD-1-positive cells and their apoptosis. James P. Allison and Tasuku Honjo won the 2018
Nobel Prize for Physiology or Medicine for discovering a potential therapeutic treatment
based on immune checkpoint inhibition in order to reactivate a T cell immune response
against cancer cells [66]. Targeting PD-L1 has been associated with a significant clinical
response in a wide range of solid cancers such as lung cancer, breast cancer and others [67].
Limited studies have investigated the expression and the role of the PD1/PD-L1 axis
as an immune-escape mechanism in ACC. Mosconi et al. investigated the expression
of the immune-related markers in 36 samples from patients with ACC as well as the
associations between the immunological microenvironment characterization and the clinical
features [68]. The main finding of the study is that the ACC microenvironment exhibits low
immunogenicity, as evidenced by the low TIL and DC densities as well as low density of PD-
1-positive cells and absence of PD-L1 cells [68]. Teng et al. proposed a classification based
on immunological features of the cancer microenvironment, distinguishing four different
cancer immune environments: type I: immune resistance, type II: immune ignorance, type
III: intrinsic induction, and type IV: immune tolerance [69]. The majority of ACC cases
reported by Mosconi et al. can be classified as type IV. In another study, Sridharan et al.
examined tissue from 28 ACC samples obtained from 21 patients for immune cells and
PD-L1/PD-L2 expression [70]. Most of the tumors showed few infiltrating immune cells,
confirming the low immunogenicity of the ACC-related microenvironment, emphasizing
that the lack of immune-cell infiltrate was associated with the expression of genes in the
β-catenin/Wnt and PI3K pathways [70]. However, although no patients showed significant
expression of PD-L1 on tumor cells, the authors found that PD-L2 was expressed in 60%
of the primary and 73% of metastatic tumor samples. The role of PD-L2 expression in the
modulation of the anti-cancer immune response is less explored than PD-L1. However, like
PD-L1, PD-L2 is also able to bind PD-1 receptors, inhibiting T cell proliferation, and also
binds to repulsive guidance molecule B (RGMb) receptor on the surface of several immune
cells, promoting immune tolerance [71,72]. Tapias et al. conducted a retrospective review
of specimens obtained by 23 patients with resected primary tracheal malignant tumors to
determine the expression of PD-L1 and the infiltration of CD8+ immune cells in the tumor
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or peritumoral stroma [73]. PD-L1 expression was observed in 75% of SCC and 100% of
adenosquamous carcinoma, but it was absent in ACC and mucoepidermoid carcinomas.
Furthermore, the presence of CD8+ infiltration in the tumor stroma was significantly higher
in cases of tracheal tumor with an SCC component than in salivary-type tumors [73].

2.1.6. Current Treatment Strategy for ACC

The mainstay of ACC treatment is surgical resection. The indication for surgery
treatment is determined based on local extension in the trachea and extension to contiguous
organs, while the lymph node status does not influence survival and therefore does not
contraindicate surgery [1]. Surgical resection may be also considered in metastatic disease,
since the slow progression allows a long survival in patients presenting with distant
metastases at the time of diagnosis. The surgical technique depends mainly on the site of
tumors. When ACC is located in the upper trachea, tracheal resection may be combined
with total laryngectomy and terminal tracheostomy [74]. When ACC involves carina and
main bronchi, carina resection and reconstruction are required. A report that analyzed
patient survival after ACC complete resection showed comparable five-year survival rates
of 52% to 79% and ten-year survival of 29% to 56% [75–78]. Recurrences after surgery are
not uncommon and are mainly due to the ability of the tumor to spread along perineural
and lymphatic layers. The role of post-operative radiotherapy in ACC is debated and is
generally recommended in the case of incomplete resection [78]. However, despite the
lack of a randomized control trial, the available data suggest that adjuvant radiotherapy
may delay or even reduce the incidence of local recurrence [78]. Radical radiotherapy
alone is performed in patients that are not candidates for surgical resection due to local
involvement, extension to contiguous organs, or due to the poor clinical condition of the
patient. However, ACC is considered a tumor with low radiation sensitivity and requires
a dose of 70 Gy (35 fractions over 7 weeks) to obtain local cancer control [1]. Studies
focused only on unresectable ACCs showed five-year OS ranging between 17% to 56%
after definitive radiotherapy, with significantly worse outcomes when compared to patients
that underwent surgery [79–81]. However, recent retrospective data showed no significant
difference between operated and non-operated patients with ACCs, despite local relapse
being observed mainly in non-operated patients [82]. The role of systemic treatments in
the management of recurrent or metastatic ACC is not well defined due to the few clinical
trials published so far. ACC is considered a histotype that exhibits poor sensitivity to
chemotherapy, and it is unlikely that chemotherapy will alter the natural history of the
disease. Several single-agent standard cytotoxic drugs were studied in a clinical trial,
which enrolled few patients, showing infrequent objective responses [83]. Vinorelbine and
epirubicin are probably single-cytotoxic agents of choice since some objective responses
have been reported for these agents, while paclitaxel is not recommended based on an
Eastern Cooperative Oncology Group (ECOG) phase 2 study [84]. Combination regimens
containing cisplatin, generally in conjunction with anthracycline, improve the response
rate compared with single agents; however, an evident response rate is noticeable in no
more than 33% of patients [83].

2.1.7. Molecular Therapeutic Targets for ACC

Improved understanding of the molecular mechanisms underlying carcinogenesis
in ACC has opened up new treatment perspectives, particularly through the potential
use of molecular target therapy in patients suffering from locally advanced, recurrent, or
distantly metastatic disease. Target therapies against c-KIT receptor, using tyrosine kinase
inhibitors, were the first to be explored in clinical trials. In two phase II trials, 26 patients
with advanced and metastatic c-Kit-positive ACC were treated with imatinib (400 mg orally
bid) without any responses and with disease progression in the majority of subjects within
6 months [85,86]. Ghosal et al. explored the efficacy of combined treatment with imatinib
and cisplatin in 28 patients with advanced and metastatic ACC with an overexpression of
c-KIT. Only 3 of 28 patients showed partial response on subsequent radiological imaging,
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and the median time to progression and overall survival was 15 months (range 1–43) and
35 months (range 1–75), respectively [87]. Wong at al. conducted a phase II trial treating
patients with recurrent/metastatic ACC, with c-KIT overexpression, with desatinib (70 mg
orally bid). The response was assessed every eight weeks using RECIST [88]. However,
only one objective response (2.5%) was reported, and median survival was 14.5 months [88].
Chau et al. conducted a single-arm, phase II trial that enrolled fourteen patients suffering
from recurrent and/or metastatic ACC, who were treated with sunitinib (37.5 mg daily),
a multi-targeted inhibitor of VEGFR, c-KIT, PGFR, ret proto-oncogene (RET) and FMS-
like tyrosine kinase 3 (FLT3). No objective responses were observed and median overall
survival was 18.7 months. Furthermore, toxic effects occur in at least 50% of patients,
including fatigue, oral mucositis and hypophosphatemia [89]. Based on the results of
these studies, we can conclude that the inhibition of the c-KIT pathway is not able to
modify the natural history of the ACC disease. Target EGFR pathway is another potential
therapeutic strategy in ACC. Unfortunately, some trials that used different agents such
as gefitinib, cetuximab and lapatinib have shown no objective responses in previously
treated patients [90–92]. Fibroblast growth factor receptor 1 (FGFR1) is a downstream
pathway of the MYB gene; therefore, target FGFR1 could inhibit one of the main molecular
dysregulation pathways in the pathogenesis of ACC. In a phase II study, 35 patients with
progressive ACC were treated with dovitinib, a small molecular inhibitor of FGFR1, and
it was found that 6% of patients showed a partial response while 65% exhibited stable
disease; however, progression-free survival (8.2 months) was more favorable when com-
pared with other molecular target agents [93]. Lenvatinib is a multi-kinase inhibitor against
FGFR1, VEGFR2, c-KIT, RET, PDFR-α and PDGFR-β. Locati et al. enrolled twenty-eight
patients with recurrent/metastatic ACC who were treated with oral lenvatinib at a dose of
24 mg/day [94]. Here, three partial responses (11.5%) were reported; however, target lesion
reductions between 23% and 28% were observed in 4 of 20 patients with stable disease.
The median overall survival and progression-free survival were 27 months and 9.1 months,
respectively. Treatment-related adverse events were frequent (fatigue, dry mouth); thus, the
dose of lenvatinib was reduced in 24 patients [94]. Similarly, Tchekmedyian et al. treated
32 patients suffering from recurrent/metastatic ACC with lenvatinib 24 mg orally per day,
and reported a partial response rate of 15.6% [95]. However, eight patients (25%) showed
more than 20% reduction in tumor size. The median progression-free survival time was
17.5 months. A total of 23 patients required at least one dose modification, and 18 of
32 patients discontinued Lenvatinib for drug-related side effects. The most common grade
3 adverse events were hypertension and oral pain, but three grade 4 adverse events were
observed (myocardial infarction, posterior reversible encephalopathy syndrome and in-
tracranial hemorrhage) [95]. These results show that Lenvatinib has an anti-cancer effect
despite toxicity being common and dose reduction being necessary for 72% to 86% of pa-
tients. However, Lenvatinib was designed as a National Comprehensive Cancer Network
(NCCN) grade 2b recommendation for treatment of progressive/metastatic ACC in the
NCCH Head and Neck Cancer guidelines [96]. Several inhibitors of VEGFR pathways,
such as sorafenib, regorafenib, axitinib and pazopanib, have been studied in ACC and have
shown some clinical benefit, with the overall response rate ranging between 0% and 10%,
and prolonged stable disease (>6 months) in up to 85% of unselected patients [97–100].
The NOTCH signaling pathway is a well-known critical regulator of cell proliferation
and seems to play a significant role in 20% of recurrent/metastatic ACC due to the ev-
idence of NOTCH-activating mutations; therefore, the inhibition of this pathway could
be a favorable molecular target in aggressive phenotypes of ACC. However, preliminary
results of a human phase I trial with the pan-notch inhibitor LY3039478 demonstrated
only minimal responses, with a partial response in 1 out of 22 unselected patients, while
4 patients showed stable disease for over 6 months [101]. Treatment-related adverse events
included diarrhea, fatigue, vomiting, dry mouth and dry skin [101]. Brontictuzumab is a
monoclonal antibody that targets Notch1, binding the juxtamembrane negative regulatory
region, and inhibits pathway activation. Ferrarotto et al. conducted a phase I study treat-
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ing 48 patients suffering from refractory solid cancers with brontictuzmab intravenously
at various dose levels [102]. Clinical benefit was seen in 6 of 36 (17%) assessable sub-
jects, among which 5 were affected by ACC with evidence of Notch1 pathway activation,
2 with partial response and 3 prolonged disease stabilization (>6 months) [102]. CB-103
is an upstream inhibitor of the NOTCH pathway that in a phase 1 trial showed a median
progression-free survival of 22 weeks in ACC patients. No discontinuations occurred
due to treatment-related adverse events [103]. AL101 is a small molecule that inhibits
gamma-secretase, an enzyme that plays a key role in the activation of the Notch pathway
by releasing the NICD of Notch receptors. The preliminary data from the ACCURACY
trial, a phase 2, open-label, multi-center study of AL101 in patients with ACC-bearing
activating NOTCH mutations, showed a response rate of 15%, confirming the potential
anti-tumor activity of Notch pathway inhibition [104]. Another potential molecular tar-
get in the treatment of ACC is the PI3K/PTEN/mTOR pathway. Everolimus was tested
for progressive unresectable ACC patients in a phase 2 trial. No patients achieved a
partial response by RECIST; however, 44% of 18 patients with available data about pre-
treatment and post-treatment positron emission tomography-CT scan showed a metabolic
partial response, defined as a >25% reduction in maximum standardized uptake values
(SUVmax). Furthermore, metabolic partial response was associated with longer median
progression-free survival [105]. Despite the poor representation of PDL-1 expression and
the low immunogenicity of the ACC microenvironment, some trials have tested check-
point inhibitor therapy with limited success. The NISCAHN trial evaluated the efficacy
of nivolumab in the treatment of 45 recurrent metastatic ACC patients. An 8.7% partial
response and 56% of stable disease were observed in ACC patients, while the median
progressive-free survival was 5 months [106]. Pembrolizumab was tested for salivary gland
carcinomas as a single agent and in association with hypo-fractionate radiotherapy in
advanced ACCs, but no evidence of the tumor response was highlighted [107,108]. Table 1
summarizes the studies on molecular therapeutic targets for ACC.

Table 1. Published studies with available data on molecular therapeutic targets for ACC. ORR:
objective response rate, mPFS: median progression-free survival, NR: not reached.

Study Number of
Treated Patients Subtype Drug ORR(%) mPFS (mo)

Gilbert et al. [84] 45 Salivary gland carcinoma Paclitaxel 0 4

Pfeffer et al. [85] 10 Adenoid cystic carcinoma Imatinib 0 6

Hotte et al. [86] 15 Adenoid cystic carcinoma Imatinib 0 2.5

Ghosal et al. [87] 28 Adenoid cystic carcinoma Imatinib +
Cisplatin 0 15

Wong et al. [88] 40 Adenoid cystic carcinoma Desatinib 2.5 4.8

Chau et al. [89] 13 Adenoid cystic carcinoma Sunitinib 0 7.2

Jakob et al. [90] 19 Adenoid cystic carcinoma Gefitinib 0 4.3

Locati et al. [91] 30 Adenoid cystic + non
adenoid cystic carcinoma Cetuximab 0 6

Agulnik et al. [92] 19 Adenoid cystic carcinoma Lapatinib 0 3.5

Dillon et al. [93] 34 Adenoid cystic carcinoma Dovitinib 0 8.2

Locati et al. [94] 26 Adenoid cystic carcinoma Lenvatinib 0 9.1

Tchekmedyian et al. [95] 32 Adenoid cystic carcinoma Lenvatinib 0 17.5

Pfister et al. [96] 32 Adenoid cystic carcinoma Lenvatinib 15.6 17.5

Ho et al. [97] 33 Adenoid cystic carcinoma Axitinib 0 5.7
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Table 1. Cont.

Study Number of
Treated Patients Subtype Drug ORR(%) mPFS (mo)

Ho et al. [98] 38 Adenoid cystic carcinoma Regorafenib NR NR

Thomson et al. [99] 23 Adenoid cystic carcinoma Sorafenib 0 11.3

Guigay et al. [100] 46 Adenoid cystic carcinoma Pazopanib 0 5.9

Even et al. [101] 22 Adenoid cystic carcinoma
NOTCH inhibitor

crenigacestat
(LY3039478)

NR 5.3

Ferrarotto et.al. [102] 48 Solid tumors (adenoid
cystic carcinoma) Brontictuzumab NR 2

Miranda et al. [103] 41

Solid tumors and
hematological

malignancies (adenoid
cystic carcinoma)

CB-103 NR 5

ACCURACY [104] 87 Adenoid cystic carcinoma AL 101 15 NR

Dong-Wan et al. [105] 34 Adenoid cystic carcinoma Everolimus NR 11.2

Fayette et al. NISCAHN.
[106] 46 Salivary gland carcinoma Nivolumab 0 4.9

KEYNOTE-028 [107] 26 Salivary gland carcinoma Pembrolizumab 12 4

Mahmood et al. [108] 10 Adenoid cystic carcinoma Pembrolizumab 0 4.5

2.2. Mucoepidermoid Carcinoma of the Trachea

Mucoepidermoid carcinoma (MEC) is a rare type of salivary gland cancer that can
originate in the upper airways [1]. Most commonly, it arises in the posterior wall of the
trachea, and histology displays cellular heterogeneity containing various proportions of
mucin-secreting cells, epidermoid cells and cells of intermediate type, with varying archi-
tectural formations from cystic structures to small solid nests or glandular-like structures.
MEC is classified as high-grade or low-grade based on the histologic appearance, local
invasion, cellular atypia and presence of necrosis. A recent retrospective study suggests that
MEC with airway involvement has different biological behaviors and better prognosis than
ACC. However, MEC patients showed more bronchial tumors when compared to ACC;
therefore, these results may not be generalizable to tumors confined to the trachea [109].
Furthermore, the clinical course of these tumors is correlated with the histological grade;
thus, high-grade-MEC of the trachea generally carries a worse prognosis. The preferred
treatments in the curative-intent setting include tracheal surgery and adjuvant radiotherapy.
However, therapies for relapsed/metastatic or unresectable disease are notoriously ineffec-
tive; thus, new targets are required for precision therapy in patients suffering from MEC.
A recurrent t(11;19)(q14–21;p12–13) translocation encoding a potentially novel CRTC1-
MAML2 gene fusion has been detected in up to 80% of MEC cases, and this biological
feature is occasionally the sole cytogenetic alteration [110]. The CRTC1-MAML2 fusion
protein consists of the 42-aa CREB binding domain (CBD) of the CREB transcriptional
coactivator CRTC1 at its N terminus and the 981-aa transcriptional activation domain
(TAD) of the Notch transcriptional co-activator MAML2 at its C terminus [111]. Studies
in vitro showed that CRTC1-MAML2 constitutes an oncogenic driver in MEC development
since MEC cells depend on its expression for growth and survival [112]. CRTC1-MAML2
fusion acts through an interaction with CREB, resulting in aberrant activation of the CREB-
mediated transcriptional program; furthermore, fusion protein is also able to interact with
and activate MYC and AP-1 [113–115]. Ni et al. have shown that the CRTC1-MAML2
fusion upregulates the expression of amphiregulin (AREG), an EGFR ligand, resulting
in EGFR pathway activation in an autocrine manner [116]. MEC cells bearing the fusion
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gene have shown high sensitivity to EGFR signal inhibition through the use of the EGFR
monoclonal antibody Cetuximab, with an evident inhibition effect on cell growth in vitro
and in vivo [116]. However, EGFR inhibition is unable to eradicate all the MEC cells,
and usually, a proportion of the surviving cells may develop resistance associated with
anti-EGFR therapies in a clinical setting. Some evidence suggests that MEC arises from
the transformation of salivary gland stem/progenitor cells and is maintained by MEC
stem-like cells regulated through Notch signaling [116]. Cancer stem-like cells consti-
tute a subpopulation of highly tumorigenic cells that in different cancers have shown a
key role in tumor maintenance and metastatic ability [117]. Given the essential role of
Notch signaling in maintaining the MEC stem-cell-like compartment, targeting Notch
could effectively contribute to control MEC recurrence due to the action of the cancer
stem-cell-like compartment. Furthermore, data extrapolated from an in vitro study suggest
that treatments co-targeting Notch and EGFR signaling could be promising as anti-MEC
treatment [116]. Wang et al. used comprehensive genomic profiling (CGP) to describe the
genomic landscape of a large group of clinically advanced MECs, identifying recurring
genomic alterations [118]. MECs showed a similar number of genetic alterations per tumor
to adenocarcinomas but a greater number than ACC. TP53 mutations and cyclin family
genetic alterations were common while ERBB2 amplification was uncommon in MECs,
occurring in less than 10% of tumors. High-grade MEC showed greater genetic complexity
compared to low- and intermediate-grade tumors, with a high frequency of PI3K pathway
activation, suggesting a potential role of PI3K/mTOR inhibitors [118]. Alteration in DNA
repair genes such as BAP1 (BRCA1-associated protein 1) was detected in 10% of tumors,
while 10% harbored BRCA gene alterations. BAP1 is a nuclear-localized deubiquitinating
enzyme able to regulate transcription, cell cycling and DNA damage repair, which is com-
monly altered in sporadic melanoma, renal cell carcinoma and mesothelioma. Clinical trials
focused on MEC target therapy are lacking; however, some patients affected by MEC were
enrolled in clinical trials that evaluated the effect of different agents on patients suffering
from recurrent/metastatic salivary gland tumors. In a phase 2 trial, sorafenib showed
in two MEC patients, with high expression of VEGF and ANG2, the ability to decrease
disease progression, probably through antiangiogenetic activity [119]. Tumor necrosis with
cavitation occurred in one patient with a high-grade MEC [119]. Nintedanib was tested in a
population of patients with different subtypes of salivary gland cancers, among which two
patients (10%) were affected by MEC. However, there were no partial responders, although
75% of patients achieved disease stabilization with a median duration of 8.2 months (range,
1.76–12.36 months) [120]. In a phase 2 study, lapatinib showed no objective response in
two MEC patients, but stable disease (>6 months) was observed in 36% of all the eligible
patients [92].

2.3. Primitive Squamous Cell Carcinoma of the Trachea

Squamous cell carcinoma (SCC) is the most frequent histological type of primary
tumor arising from the trachea [1]. Patients with SCC, unlike patients affected by ACC
or MEC, commonly have a history of smoking [1]. Although a delay in diagnosis is a
typical feature of all primary tumors of the trachea, the duration of symptoms prior to
diagnosis is shorter in SCC than in ACC [121]. Furthermore, 60% of patients suffering
from SCC present with hemoptysis, compared to 30% of patients with ACC [1]. Surgical
resection and adjuvant radiotherapy are treatments of choice. However, tumor extension,
lymphatic invasion, mediastinal extension or distant metastases all are factors that may
limit surgical resection. In patients with SCC who underwent resection, the overall 5- and
10-year survival was 39% and 18%, compared to 52% and 29%, respectively in patients
with ACC who underwent resection [76]. In the Epidemiology and End Result program
(SEER) database of 578 cases of primary tracheal tumors, the overall 5-year survival was
better in ACC (74%) than in SCC (12.6%), underlining the different biological behavior of
the two main tracheal tumor histotypes [122]. However, in a retrospective matched-pair
analysis of the SEER database, treatment with radiation was associated with improved
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survival, particularly in patients with SCC [123]. The biological features and histologic
appearance of the SCC of the trachea are identical to the SCC of the lung; thus, molec-
ular alterations and the response to treatment of the most studied lung cancer could be
translated. Therefore, patients suffering from unresectable/metastatic SCC of the trachea
should be managed with the same treatments that are used in the squamous histotype
of the lung. Unlike salivary gland tumors, immune checkpoint inhibition has opened
the door to new treatment options for patients with SCC of the lung. KEYNOTE-024
established the use of pembrolizumab monotherapy as the standard of care for patients
suffering from metastatic non-small lung cancer with 50% or greater tumoral PD-L1 ex-
pression [124]. Among the patients enrolled in this trial, 18% had SCC. The primary
outcome was progression-free survival, which was 10.3 months for pembrolizumab versus
6.0 months for chemotherapy (hazard ratio 0.50; 95% CI, 0.37–0.68; p < 0.001). The objective
response rate for patients treated with pembrolizumab was 44.8% versus 27.8% for patients
treated with chemotherapy. Furthermore, pembrolizumab resulted in a significant survival
benefit in all patient subgroups, including SCC. However, in patients affected by SCC with
PD-L1 expression less than 50%, pembrolizumab showed no additional benefit compared to
platinum doublet chemotherapy [125]. Based on KEYNOTE-407 results, platinum doublet
chemotherapy plus immunotherapy has been recently approved for use as first-line therapy
in patients with SCC of the lung regardless of the level of PD-L1 expression. The addition
of pembrolizumab to chemotherapy with carboplatin plus paclitaxel or nab-paclitaxel
resulted in significantly longer overall survival and progression-free survival compared
to chemotherapy alone [126]. Recent comprehensive genomic analysis has defined the
genomic and epigenomic alterations driving lung SCC, with the identification of relatively
high-frequency recurrent somatic alteration. The most common genetic alterations are the
loss of TP53 and CDKN2A [127]. However, other highly prevalent genetic alterations that
occur in a mutually exclusive manner are the alteration of the nuclear factor erythroid
2-like 2 (NFE2L2)/kelch-like ECH-associated protein 1 (KEAP1)/cullin 3 (CUL3) pathway
(i.e., mutations of NFE2L2 or KEAP1), which regulates the response to oxidative stress,
and the truncating mutations of the NOTCH1 gene [128]. A common alteration described
in SCC of different organs is the amplification of 3q, a region containing SOX, TP63 and
PIK3CA, but also the amplification of 7p11 and 8p12, regions where the EGFR and FGFR1
genes are located [128]. However, despite EGFR amplification occurring in 7% of lung SCC
cases, EGFR exon deletions and exon 21 L858R mutations are absent [128]. Furthermore,
KRAS mutations are a rare occurrence in SCC. Considering the frequent focal amplification
of FGFR1 and the recurrent activating mutations of FGF2 and FGF3, the fibroblast growth
factor receptor family may represent one of the main potential targets in the treatment
of advanced/metastatic SCC. However, initial clinical data suggest that only a limited
number of SCC patients with FGFR1 amplification may have a clinical benefit from FGFR
kinase inhibitors [129,130]. Another potential target in SCC molecular therapy involves
members of the PIK3 pathway. PIK3CA mutations/amplification and PTEN loss are not
uncommon in SCC and are sensitive to PI3K inhibitors [131]. Unfortunately, early phase
studies evaluating treatment with PI3K inhibitors found no significant clinical benefit from
the treatment, with a response rate that does not exceed 5% and medial progressive-free
survival similar to what was obtained from docetaxel [132–134].

3. Conclusions

Primitive tracheal tumors are rare and are typically treated with surgery and adjuvant
radiotherapy [135]. However, surgery can be limited by several factors such as the excessive
extent of tracheal involvement by the tumor, a poor patient clinical condition, contiguous
organ infiltrations, and the presence of distant metastasis [136]. Patients suffering from
unresectable/recurrent or metastatic disease have limited therapeutic options. RT may
provide survival benefits for tracheal cancer patients who do not undergo surgery, while
CT generally does not allow further outcome improvement [137]. However, tumors arising
from the salivary glands exhibit poor sensitivity to chemotherapy and/or radiotherapy.
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Nevertheless, the improvement and the deeper knowledge of the genetic and biological
alterations of these different types of tumors may precisely characterize the molecular
profile of each patient, opening up new targeted treatment perspectives. Several targets are
under clinical investigation, and improvements in target therapy against driver mutations
will be the starting point for the next trials involving patients affected by this rare disease.

Finally, improving early diagnosis may improve the standard of living and the survival
rate since delayed diagnosis and treatment may impair patient survival.
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PI3K/AKT phosphatidylinositol 3kinase/protein kinase B
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DLL1 Delta Like Canonical Notch Ligand 1
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TP53 Tumor Protein P53
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