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Advances in the Treatment of Mucoepidermoid Carcinoma

Srikar Sama?, Takefumi Komiya®, Achuta Kumar Guddati® °

Abstract

Mucoepidermoid carcinoma (MEC) represents 10-15% of salivary
neoplasms. Due to their low incidence, it is challenging to conduct
clinical trials and develop treatment guidelines. Although surgery is
the most common approach for a resectable tumor, various treatment
options such as chemotherapy, radiotherapy, and immunotherapy
have been investigated. There is a need to implement a standard-
ized treatment protocol to effectively manage MEC as it is a com-
mon histological subtype. Furthermore, it has become essential to
assess chromosomal and genetic abnormalities recently identified
with MEC, including alterations of CDKN2A4, TP53, CDKN2B,
BAPI, etc. These mutations are involved in the transformation of
low-grade tumors to high-grade tumors, presenting a vital tool for
evaluating the aggressive behavior of this carcinoma. Detailed im-
munohistochemical and translocation studies can help develop tar-
geted therapies and monitor treatment response. Therefore, biomark-
er-driven research will immensely improve the outcome, especially
in advanced cases. Based on thorough histology and chromosomal
translocations, a more personalized treatment plan can improve the
overall disease outcome. The purpose of this article is to elaborate on
the current treatment advancements, particularly chemotherapy and
targeted therapy, as an effective treatment modality for the manage-
ment of MEC and highlight the comparison with traditional treat-
ment approaches.
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Introduction

Mucoepidermoid carcinoma (MEC) is the most common
malignant salivary gland tumor, accounting for 10-15% of
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all salivary gland tumors and one-third of all salivary gland
malignancies [1, 2]. It is believed to arise from reserve cells
of excretory ducts that are pluripotent in nature [3]. MEC
has a wide age range (15 - 86 years, median 49 years), and a
slight female predominance was observed [4, 5]. MEC com-
monly occurs in the parotid gland, with the submandibular
and sublingual glands being the subsequent two common sites
[6]. MEC diagnosis carries an excellent prognosis in adults,
with an approximately 5-year survival rate of 98.8% in low
grade, 97.4% in the intermediate grade, and about 67% for
high-grade tumors [6]. MEC commonly presents as a painless
swelling with pressure; however, symptoms vary with tumor
size and site [7]. High-grade tumors tend to metastasize to lo-
cal lymph nodes, but rarely distant metastases can also occur
[8]. However, even low-grade MEC has also been shown to
metastasize [9].

The earliest salivary gland cancers stage 0 (carcinoma
in situ), and then stages range from I through IV (Table 1).
MEC is relatively rare with a variable presentation; thus, dif-
ferent opinions have emerged about the treatment plan [4, 9,
10]. Salivary gland tumors are like any other salivary gland
malignancy; the mainstay treatment for MEC is surgical re-
section with disease-free margins [11]. When there is perineu-
ral invasion, lymph node involvement, advanced high-grade
tumors, positive margins after resection, and extra-glandular
extension, adjuvant radiotherapy is recommended [12, 13].
Combined chemoradiotherapy showed better regional control,
but no difference was found between the overall survival rate
and patients receiving radiotherapy alone [14]. Systemic thera-
pies have shown no evidence to improve survival; therefore,
they should be used as palliative treatment for cancer-related
symptoms relief or in rapid progression of the disease [15-17].
Clinical trials are being conducted to find out the efficacy of
novel drugs. The purpose of writing this paper is to review the
standard treatment and latest advances in systemic therapies in
the treatment of MEC and bring out the importance of the role
of targeted therapies.

Standard Therapy

Malignant salivary gland tumors are best removed through sur-
gery. For the high-grade tumor, complete resection with nega-
tive surgical margin and lymph node dissection is indicated
(Fig. 1). The goal should be to effectively plan the removal of
most of the tumor without damaging the facial nerve. Intraop-
erative assessment of the facial nerve is necessary to identify
early nerve invasion, which is not detected on preoperative
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Table 1. Staging of Salivary Gland Cancers

Stage 1 Noninvasive tumors with no spread to lymph nodes and no distant metastasis
Stage 11 An invasive tumor with no spread to lymph nodes and no distant metastasis
Stage Il Smaller tumors (< 4 cm) that have spread to regional lymph nodes but no signs of metastasis

Stage IVA  Any invasive tumors with either no lymph node involvement or spread to only a single same-sided lymph node, but no metastasis

Stage IVB  Any cancer, with more extensive spread to lymph nodes but no metastasis

Stage IVC  Any cancer with distant metastasis

imaging. The most critical factor in determining the prolonged
outcome and disease-specific survival is locoregional discase
control. Postoperative radiotherapy enhances locoregional
control and is typically reserved for cancers with high-risk
characteristics, such as close or positive surgical margins, nod-
al metastases, extracapsular spread (ECS), perineural invasion,
lymphovascular invasion, advanced tumor (T) stage, and high-
grade histopathology [17].

In the case of deep lobe and recurrent cancers, radiation
may also be an option. High doses of greater than 60 Gy are
necessary to achieve maximal local tumor control and other
therapies. Radiation therapy, alone or in combination with
chemotherapy, may be used to treat medically or technically
unresectable tumors definitively at a dose of 66 Gy or greater
[18].

Clinical Trials

Clinical trials were summarized in Table 2 [19-25].

Chemotherapy

Cisplatin plus vinorelbine (VNB)

VNB, when used alone in adenocarcinoma and adenoid cystic
carcinoma, has a moderate activity. It binds to microtubular
proteins in the mitotic spindle, and its mechanism of action is
different from 5-FU, cisplatin, and anthracycline/mitoxantrone.
Airoldi et al conducted a study, the average duration of partial
response for patients treated with cisplatin plus VNB was 7.5
months (range, 3 - 11 months), the median stable disease du-
ration was 5 months (range, 3 - 8 months), the median time
to disease progression was 7 months, and the median overall
survival duration was 11 months (range, 3 - 29 months) [19].
VNB alone is less effective than the combination therapy that
involves cisplatin and VNB with a 19% complete response rate
and some long-term survivors. The study’s poor results could
be due to the high percentage of adenoid cystic carcinoma, and
also the patients had been treated heavily previously. Pallia-
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Figure 1. Stage-based management strategy for mucoepidermoid carcinoma.
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Table 2. Various Clinical Trials Conducted in Treating Mucoepidermoid Carcinoma of the Salivary Gland

Author Reswen Nul'nber of 1\'Iumber of objec-
patients tive responses

Airoldi et al, 2001 [19] Cisplatin, 80 mg/m? on day 1, plus VNB 25 mg/ 16 0

m?, on days 1 and 8, every 3 weeks
Gilbert et al, 2006 [20] Paclitaxel 200 mg/m? every 3 weeks 50 3
(NCTO01096407)
Locati et al, 2016 [23] Sorafenib 400 mg orally every 12 h continuously in 4-week cycle 37 2
(NCTO01703455)
Kim et al, 2017 [24] Nintedanib 200 mg daily on a continuous schedule until disease 20 -
(NCT02558387) progression, unacceptable toxicity, or patient withdrawal.

Tumor response was assessed every two cycles.
Raguse et al, 2004 [21] Docetaxel 100 mg/m? every 3 weeks 4 4
Haddad et al, 2003 [22] Trastuzumab 4 mg/kg loading dose, 2 mg/kg weekly after that 14 1
Agulnik et al, 2007 [25] Lapatinib 1,500 mg daily 40 0

VNB: vinorelbine.

tion of pain and local disease control was observed, despite the
absence of an apparent survival benefit.

Paclitaxel

In a phase II evaluation of single-agent paclitaxel, it was re-
ported a moderate activity in mucoepidermoid carcinoma [20].
Among the 14 eligible patients with MEC who received pacli-
taxel, the median age was 67 years (range, 53 - 83 years), the
1-, 3-, 5-year survival rates were 0.57, 0.11, 0.00, respectively;
it took more than 6 months for progression in four MEC pa-
tients, and partial response was noted in three patients. Com-
mon toxic events reported in this study were leukopenia (in six
MEC patients) and granulocytopenia (in seven MEC patients).
Gilbert et al [20] observed a variation in paclitaxel sensitiv-
ity among the histological subtypes: adenoid cystic carcinoma
compared with mucoepidermoid and adenocarcinoma.

Docetaxel

Raguse et al determined the mechanism of docetaxel in four pa-
tients with high-grade mucoepidermoid cancer of the major sali-
vary glands. After six cycles, complete remission was noticed
in two patients, and partial remission was seen in the other two
patients [21]. Docetaxel has shown excellent antitumor activity
in squamous cell carcinoma of the head and neck [26]. Thus, this
drug seems like a logical alternative in salivary gland tumors,
but it needs further investigation with large sample size.

Monoclonal antibody

Trastuzumab

Trastuzumab is considered a monoclonal antibody that is ef-
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fective against the human epidermal growth factor receptor 2
(HER2/neu) receptors. Many studies suggest amplification/
overexpression of HER2/neu in mucoepidermoid carcinomas
[27-30]. According to Lagha et al, this rate ranged from 0% to
38% [15]. Haddad et al [22] conducted a phase II trial using
Herceptin (trastuzumab) on 14 patients having overexpressed
HER2/neu in their salivary gland tumors. Among the three pa-
tients with MEC, partial response was seen only in one patient,
which lasted more than 2 years. Herceptin as a single agent has
a limited response. Hence it should be combined with other
agents for a better therapeutic activity.

Targeted therapies

Sorafenib

In a phase II trial conducted on 37 adult patients with recurrent
and malignant salivary gland cancer, Locati et al reported that
sorafenib was included among the first antiangiogenic agents
mainly effective in recurrent and metastatic salivary gland
carcinoma [23]. There is a rapid decrease in disease progres-
sion in two patients with this disease because MEC showed
the highest angiogenic activity with increased expression of
vascular endothelial growth factor (VEGF) and ANG2 [31-
33]. The median duration of response was 3.3 months (range,
1.2 - 20.2 months), the median progression-free survival was
4.2 months, and prolonged stabilization (> 6 months) was ob-
served more commonly in non-adenoid cystic carcinoma pa-
tients. Tumor necrosis with cavitation occurred in one patient
with a high-grade MEC, which is an expected effect of such
agents.

Nintedanib

Nintedanib is an angiokinase inhibitor that attacks proangio-
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genic pathways mediated by VEGF receptor (VEGFR), fi-
broblast growth factor receptor (FGFR), and platelet-derived
growth factor receptor (PDGFR). In a single-arm phase II trial
done by Kim et al, 20 patients were enrolled, of which two pa-
tients (10%) had mucoepidermoid carcinoma [24]. There were
no partial responders; in 15 patients (75%), the stable disease/
disease-control rate was recorded. The median duration of sta-
ble disease was 8.2 months (range, 1.76 - 12.36 months), and
the progression-free survival rate at 6 months was 60%. Most
patients are well tolerated after nintedanib use, and dose re-
duction was needed only in four due to aspartate transaminase
(AST)/alanine aminotransferase (ALT) elevations. Other side
effects include diarrhea (35%) and nausea (25%). This study
has limitations since all the subtypes of salivary gland cancers
(SGCs) were included in this trial. Further investigation for
each specific histological type is required.

Lapatinib

Lapatinib inhibits both epidermal growth factor receptor
(EGFR) and receptor tyrosine-protein kinase (erbB2) recep-
tors. When erbB2 is overexpressed in MEC, there is an in-
creased risk of death compared to patients with little or no
expression of erbB2 [34]. According to Lujan et al, the EGFR
pathway is activated in high-grade MECs with aggressive be-
havior [34]. In a phase II study done by Agulnik et al [25], no
objective response was noticed in the two MEC patients; but
the stable disease (> 6 months) was observed in 36% of all the
eligible patients [25]. Thus, the antitumor effect of lapatinib is
mainly cytostatic, and more studies need to be done regarding
the use of lapatinib in combination with other targeted molecu-
lar therapies.

ANA-12

ANA-12 is a tyrosine receptor kinase B (TrkB) inhibitor. The
brain-derived neutropenic factor (BDNF) is a growth factor
that binds to TrkB and activates downstream pathways like
PI3K/Akt, which has a crucial role in tumorigenesis [35].
BDNF and TrkB expression are associated with perineural in-
vasion in high-grade MEC, a poor prognostic factor [36, 37].
According to Wagner et al, TrkB inhibition decreases invasion
and delayed migration, thus decreasing the in vitro survival
of MEC cells [37]. However, this study also reported that the
combination therapy of cisplatin and ANA-12 caused recovery
and accumulation of cancer stem cells (CSC), indicating that
there must be a limiting factor. The latest research has shown
that the CSC can start the growth of new tumors and interfere
with conventional therapy in MEC [38, 39].

Vorinostat

Vorinostat is a histone deacetylase inhibitor (HDACH). Recent
evidence suggests that acetylation of chromatin by drugs in
squamous cell carcinoma of the head and neck (HNSCC) can
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Table 3. Oncogenes and Its Potential Therapeutic Targets in
Treating Mucoepidermoid Carcinoma

Targeted agent Oncogenes involved in MEC
Sorafenib VEGF and ANG2

Nintedanib VEGFR, FGFR, and PDGFR
Trastuzumab HER2/neu

Lapatinib EGFR and erbB2

ANA-12 TrkB and BDNF

MEC: mucoepidermoid carcinoma; VEGF: vascular endothelial growth
factor; VEGFR: VEGF receptor; FGFR: fibroblast growth factor recep-
tor; PDGFR: platelet-derived growth factor receptor; HER2/neu: human
epidermal growth factor receptor 2; EGFR: epidermal growth factor
receptor; erbB-2: receptor tyrosine-protein kinase; TrkB: tropomyosin
receptor kinase B; BDNF: brain-derived neurotrophic factor.

cause drastic phenotypic changes in cancer cells like the de-
struction of tumorspheres [40, 41]. According to Almeida et al,
HDAC: can avoid resistance to chemotherapy in HNSCC tu-
mors [41]. Guimaraes et al demonstrated the impact of HDACi
and cisplatin on CSCs taken from two MEC cell lines [38].
The results show that cisplatin is not effective against CSCs.
Secondly, they found out that there can be a depletion of CSCs
even at extremely low concentrations of HDACi. Furthermore,
administration of HDACi before cisplatin depleted CSCs and
thus sensitized the tumor cells to cisplatin. In addition, this
pre-administration of HDACi reduced the amount of cisplatin
needed to achieve the half-maximal inhibitory concentration
(IC50). This result, in particular, is significant because we can
pre-treat the patients with HDACi who fail the initial chemo-
therapy due to high toxicity [42].

Discussion

International Agency for Research on Cancer presents a report
showing that salivary gland carcinomas will increase by more
than 55% in the next 22 years, indicating the need for exten-
sive research [43]. Currently, surgical management and adju-
vant radiotherapy are the best options for achieving disease
control because conventional chemotherapies are ineffective
against this disease because of resistance [44-47]. The recent
shift towards targeted therapies involving signaling pathways
considering molecular signatures was a much needed change
[48] (Table 3).

Recent research has demonstrated many molecular targets
in MEC. CRTCI/MAML2 fusion in a low-grade tumor is as-
sociated with a better prognosis [49-53]. Some evidence sug-
gests HER2, EGFR or MUCI is expressed more in high-grade
tumors, which indicate a poor prognosis [54]. In addition, ac-
cording to the reports, the presence of markers such as Ki-67,
CEA, p53, and c-erbB-2 is directly associated with a patient’s
survival with MEC [55]. The t(11;19) (q21;p12-13) chromo-
somal translocation is the most frequently detected transloca-
tion (27%) in MEC [56]. It has been shown that the expression
of the fusion protein MECT1/MAML2 activated the cAMP/
CREB pathway, is essential for tumor cell growth and is an
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attractive target for this cancer [57, 58]. Notably, MEC can oc-
cur in other organs, but this review will pertain only to salivary

a retrospective analysis based on a double-center study.
Sci Rep. 2017;7:43907.

gland cancers [59]. There are other mutations/genomic chang- 3. Batsakis JG. Salivary gland neoplasia: an outcome of
es which are site agnostic and for whom therapeutic agents are modified morphogenesis and cytodifferentiation. Oral
available regardless of the tumor histology, pembrolizumab for Surg Oral Med Oral Pathol. 1980;49(3):229-232.
microsatellite instability-high (MSI) tumors and larotrectinib/ 4. Brandwein MS, Ivanov K, Wallace DI, Hille JJ, Wang
entrectinib for neurotrophin receptor tyrosine kinase (N7RK) B, Fahmy A, Bodian C, et al. Mucoepidermoid carci-
mutations [60, 61]. noma: a clinicopathologic study of 80 patients with spe-
cial reference to histological grading. Am J Surg Pathol.
. 2001;25(7):835-845.

Conclusions 5. Rapidis AD, Givalos N, Gakiopoulou H, Stavrianos SD,
Faratzis G, Lagogiannis GA, Katsilieris I, et al. Mucoepi-

The role of systemic therapies in managing such advanced, dermoid carcinoma of the salivary glands. Review of the

recurrent and metastatic tumors still needs to be defined. In literature and clinicopathological analysis of 18 patients.

fact, most anticancer drugs are active against rapidly prolif- Oral Oncol. 2007;43(2):130-136. .

erating cells; thus, the slow growth of SGC could explain the 6. Mucoepidermoid carcinoma. 2021. Available from: htt-
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