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Abstract: Immune checkpoint inhibitors (ICIs), including anti-cytotoxic T-lymphocyte-associated protein 4
(CTLA-4) and anti-programmed death-1 (PD-1) antibodies, have initiated a new era in the treatment of
malignant melanoma. ICIs can be used in various settings, including as first-line, adjuvant, and neoadjuvant
therapy. In the scope of this review, we examined clinical studies utilizing ICIs in the context of treating oral
mucosal melanoma, a rare disease albeit with an extremely poor prognosis, with a specific focus on unraveling
the intricate web of resistance mechanisms. The absence of a comprehensive review focusing on ICIs in oral
mucosal melanoma is notable. Therefore, this review seeks to address this deficiency by offering a novel and
thorough analysis of the current status, potential resistance mechanisms, and future prospects of applying ICIs
specifically to oral malignant melanoma. Clarifying and thoroughly understanding these mechanisms will
facilitate the advancement of effective therapeutic approaches and enhance the prospects for patients suffering
from oral mucosal melanoma.
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1. Introduction

Oral melanoma is an uncommon cancer that is characterized by aggressive progression. It
accounts for only 0.2-8% of all melanomas and 1-2% of all oral carcinomas [1]. The cause of oral
melanoma and the risk factors contributing to the malignant transformation of cells remain unclear.
Mechanical irritation due to prostheses, tobacco use, and infection have been proposed as potential
contributors to the onset of oral mucosal melanoma [2].

Oral melanoma holds significant clinical relevance because it is correlated with a higher
mortality rate than cutaneous melanoma. This is due to the fact that it is often not diagnosed or
misdiagnosed in the early stages, and when diagnosed, the disease has often already invaded the
surrounding tissues [3-5]. Consequently, the anatomical features limit surgical intervention, making
it more complicated [6]. This underscores the significance of exploring and implementing effective
systemic therapies while encouraging continued research in this field. Furthermore, compared with
skin melanoma, fewer treatment options are available for oral melanoma. Therefore, the development
of efficient immunotherapy for oral melanoma is vital for improving patient outcomes.

Surgical resection is the standard therapy for treating patients with melanoma. In situations
where the lymph node status has the potential to influence treatment planning or the ability to
participate in clinical trials, it is advisable to consider sentinel lymph node (SN) biopsy for accessible
sinonasal or oral mucosal melanomas [7]. However, it is not desirable that routine complete lymph
node dissection, i.e., completion neck dissection, be performed for patients with SN-positive oral
melanoma [7,8].
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Radiotherapy received after the surgery reduces the possibility of local recurrence [9]. Although
certain guidelines suggest photon-based intensity-modulated radiotherapy after surgical operation
in patients with head and neck mucosal melanoma, its effectiveness in addressing distant metastasis
is limited [7,9]. Thus, achieving systemic disease control is of paramount importance, particularly for
patients with a heightened likelihood of metastasis.

Dacarbazine has held a notable place on cancer treatment, serving as a commonly used initial
chemotherapy option in the management of metastatic melanoma. It exhibits an overall response rate
of 13.4%, and the median survival duration varies from 5.6 to 11 months [10]. Nonetheless, owing to
its limited efficacy, researchers have been driven to investigate more effective treatment modalities,
particularly for cases with unresectable and metastatic melanoma where surgery is not a viable
option. For many years, dacarbazine has held the status of the standard of therapy, but since 2011,
the Food and Drug Administration (FDA)-approved use of immune checkpoint inhibitors (ICIs) and
small-molecule inhibitors has brought about substantial changes in the standard treatment approach
[11].

The discovery of the BRAFV6%E mutation was a milestone in the development of targeted and
more personalized approaches to melanoma [12]. As a first-line treatment option, targeted therapies
such as BRAF and MEK inhibitors are highly efficient, especially in combination [13].

Despite the great potential of targeted therapies for melanoma treatment, they have some
limitations—only patients with targetable gene mutations are suitable candidates for therapy.
Moreover, melanoma treatment that targets a single mutation tends to result in resistance [14,15].
Therefore, additional therapy is required.

Remodeling the immune system to leverage the host’s immune defenses against cancer cells has
been an appealing concept for years, and curated knowledge of the immune system has created
opportunities for the development of various immunotherapies.

Interleukin-2 (IL-2) administration represents the first effective immunotherapy for patients
with melanoma [16]. A high dose of IL-2 induces a durable anti-tumor response, especially in
advanced renal cell carcinoma and melanoma, but severe toxicity is the main obstacle to successful
treatment [17]. However, immunotherapy did not meet expectations until the breakthrough
discovery of immune checkpoint blockade. The groundbreaking research conducted by Honjo et al.
led to the discovery of programmed death-1's (PD-1) role in immune regulation in 1992 [18]. PD-1 is
predominantly found on T-cell surfaces, whereas programmed death ligand-1 (PD-L1) is present on
many cell types, including cancer cells [19]. When PD-1 on T cells binds to PD-L1 on cancer cells, it
can lead to the suppression of the immune response, enabling cancer cells to avoid recognition and
elimination by the immune system [19]. Thus, blocking PD-1 or PD-L1 has taken center stage in the
realm of immunotherapy [20]. Targeting PD-1 and PD-L1 showed good anti-tumor activity along
with less toxicity than IL-2 therapy [21]. PD-1 blockade also has a long-term therapeutic effect
compared with other cancer therapies that target cancer cells, as it targets T cells instead of cancer
cells, which constitute a heterogenous population [22].

Cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) is another immune checkpoint protein
first discovered by Brunet et al. in 1987 [23]. To ensure an efficient and well-regulated immune
response, complete T cell activation necessitates both TCR engagement and the presence of co-
stimulatory signals. Among these signals, CD28-mediated co-stimulation, whereby the CD28 on T
cells binds to CD80/CD86 ligands on antigen-presenting cells (APCs), is important. However, CTLA-
4 on T cells engages in competition with CD28 to bind to CD80/CD86, resulting in the inhibition of T
cell activation. Therefore, blocking CTLA-4 activation has surfaced as an innovative approach within
the field of immunotherapy [24]. After several clinical trials proved the effectiveness of ipilimumab,
a monoclonal antibody that targets CTLA-4, the FDA authorized the inclusion of this antibody in the
treatment of patients with unresectable or metastatic melanoma [25-27].

Currently, ICIs and small-molecule inhibitors play significant roles in melanoma treatment. The
American Society of Clinical Oncology (ASCO) guidelines recommend nivolumab or pembrolizumab
as adjuvant systemic therapy for patients with resected stage IIIA/B/C/D melanoma harboring wild-
type BRAF. For BRAF-mutant patients, in addition to these options, dabrafenib plus trametinib is also
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recommended. Based on the Checkmate 238 trial, nivolumab has been suggested as adjuvant therapy
for patients with resected stage IV melanoma.

For patients with unresectable or metastatic melanoma harboring wild-type BRAF, ipilimumab
plus nivolumab followed by nivolumab or pembrolizumab or nivolumab, are recommended. For
patients with BRAF mutations, a combination of BRAF/MEK inhibitor therapy is recommended. If
the disease continues to progress after first-line anti-PD1 therapy, ipilimumab-containing regimens
or therapeutic approaches that combine BRAF and MEK inhibitors are recommended based on the
mutation status. Although primarily intended for patients with cutaneous melanoma, the guidelines
state that these treatment regimens can also be applied to unresectable or metastatic mucosal
melanoma [28]. Despite its reduced effectiveness in mucosal melanomas compared to cutaneous
melanomas, immune checkpoint blockade remains a valuable treatment option [29].

The United Kingdom National Guidelines for Head and Neck Melanoma recommend
anti-PD1 and anti-CTLA4 combination therapy for advanced and metastatic melanoma. If the patient
is unsuitable for combination treatment, either nivolumab or pembrolizumab monotherapy is
suggested. Depending on the mutation status, either BRAF or ¢-KIT inhibitors are recommended. In
the case that immunotherapy and targeted therapy are not viable choices or resistance occurs,
then chemotherapy may be a suitable alternative according to these guidelines [7].

Despite being a groundbreaking treatment approach in melanoma therapy, ICIs  exhibit
significant limitations, including immune-related adverse events (irAEs) and, most importantly,
therapy resistance, which continues to stand as a crucial barrier to achieving successful outcomes.
However, enhancing our comprehension of resistance mechanisms makes it possible to design
treatments that optimize the benefits of ICIs. In the landscape of immunotherapy research, numerous
studies have explored the application of ICIs across various malignancies. However, a notable
gap exists in assessing their efficacy and potential in the context of oral malignant melanoma
(OMM). To the best of our knowledge, the current literature also lacks a comprehensive review of the
status of ICIs in OMM. Therefore, this review gives a comprehensive overview of the current status
of ICIs in the treatment of oral mucosal melanoma as well as the molecular mechanisms of resistance
to ICIs, which is the major obstacle to their effectiveness in melanoma treatment.

2. ICI therapy for OMM

In 1980, Umeda and Shimada proposed a successful treatment regimen for stage 1 and 2 oral
melanomas. This protocol involves: 1) performing intraoral surgery to excise the primary lesion; 2)
therapeutic radical neck dissection in cases with neck lymph node metastases; and 3) DAV and OK-
432 as adjuvant therapy [30]. This approach, incorporating surgical treatment and dacarbazine-based
chemotherapy, is considered the standard therapy for patients with stage 1 or 2 oral melanoma.

Another adjuvant therapy is high-dose interferon-a2b (HDI). In clinical trials, while HDI
treatment group showed a prolonged relapse-free survival rate (RFS), a significant difference was

not detected in terms of overall survival (OS) between patients diagnosed with stage-III oral mucosal
melanoma who were treated with chemotherapy and those who received HDI after chemotherapy as
adjuvant therapy. Nevertheless, it has been suggested that for patients with OMM, especially those
in stage IVa who do not respond to chemotherapy, HDI can serve as an effective adjuvant therapy
[31]. However, routine use of HDI is not within the standard adjuvant therapy recommendations
according to ASCO guideline [28].

Clinical trials have been carried out to evaluate the effectiveness of specific small-molecule
inhibitors in an adjuvant setting for melanoma. Patients with completely resected stage III cutaneous
melanoma harboring BRAF V600E or V600K mutations showed improved RFS and OS, along with a
decreased chance of relapse, when they received dabrafenib plus trametinib as adjuvant treatment
[32]. Following the outcomes of the COMBI-AD clinical trial (NCT01682083), dabrafenib plus
trametinib received FDA approval in 2018 for adjuvant treatment of melanoma patients harboring
BRAF V600E or V600K mutations [33]. However, although 50-60% of patients with cutaneous
melanoma have a BRAF mutation, this rate was found to be only 3.5% among 57 patients with OMM
in a previous study [34].
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Conversely, KIT mutations have been identified as more prevalent than BRAF mutations in
OMM [35]. To date, there have been no clinical trials exploring the use of KIT inhibitors as adjuvant

therapy for OMM. If such trials are to be conducted, it would be essential to consider that the potential
benefits of imatinib, a KIT inhibitor, could vary depending on the specific exon in which the mutation
is present [14]. Careful examination and understanding of the mutation location are crucial for
determining the likelihood of patients gaining benefits from this treatment approach.

The favorable outcomes achieved with anti-PD-1 and PD-L1 treatment in patients with
metastatic and unresectable melanoma have led to consideration of their potential use as adjuvant
therapy. Pembrolizumab was approved by the FDA for use as adjuvant treatment for stage IIIA (>1
mm lymph node metastasis), IIIB, or IIIC cutaneous melanoma after surgery in 2019 based on the
KEYNOTE-054 pivotal trial [36,37]. Furthermore, in 2021, it received FDA approval for the adjuvant
treatment for patients aged 12 years and older with stage IIB or IIC melanoma following complete
resection, based on the KEYNOTE-716 (NCT03553836) trial [38]. However, pembrolizumab,
nivolumab, or combination therapy with dabrafenib and trametinib are not recommended as
adjuvant therapy for stage II melanoma patients in the ASCO guidelines [28].

Studies have shown that patients with nodular-type oral mucosal melanoma who were treated
with chemotherapy —dacarbazine and cisplatin—plus anti-PD-1 agents as adjuvant therapy showed
improved 2-year OS and progression-free survival (PFS), along with less cytotoxic effects, while
decreasing the likelihood of melanoma recurrence in the oral and distant regions compared to
patients who received chemotherapy alone or chemotherapy plus high-dose interferon-a2b(HDI)
[39].

In a double-blind phase III trial (EORTC 18071) involving patients with stage III cutaneous
melanoma, researchers found that adjuvant treatment with intravenous infusions of ipilimumab at a
dosage of 10 mg/kg, given every 3 weeks for four doses initially, followed by its administration every
3 months for a maximum duration of 3 years after complete resection led to a noteworthy
improvement in RFS. In light of the findings from this study, the FDA authorized the use of
ipilimumab as adjuvant treatment for high-risk stage III melanoma after complete resection.
However, a noteworthy percentage of the patient cohort (245 out of 471) experienced side effects that
resulted in the discontinuation of treatment [40,41]. Due to the high cost and severe toxicity associated
with the use of ipilimumab as adjuvant therapy, its use is not recommended in adjuvant settings
[42,43].

In a clinical trial comparing adjuvant nivolumab and ipilimumab in patients with resected stage
III or IV melanoma, the 18-month RFS in patients treated with nivolumab was 66.4%, whereas that in
patients treated with ipilimumab alone was 52.7%. Additionally, the ipilimumab treatment group
demonstrated a drug-related death rate of 0.4%, whereas there were no recorded fatalities attributed
to drug-related issues in the nivolumab alone group. Moreover, drug-related grade 3 or 4 side effects
were observed in 45.9% of patients in the ipilimumab group, whereas only 14.4% of patients in the
nivolumab group experienced such side effects. These results indicated that nivolumab was safer
than ipilimumab [44]. However, the scarcity of mucosal melanoma cases, particularly OMM, has
resulted in a restricted number of clinical trials exploring the utilization of ICIs in adjuvant therapy.

When surgery is not indicated, such as in patients with unresectable or metastatic melanoma,
targeted therapy or immunotherapy have emerged as the preferred initial treatment options because
the efficacy of chemotherapy in terms of OS is notably limited [45]. BRAF inhibitors, particularly in
combination with MEK inhibitors, have proven to be highly efficient in patients with cutaneous
melanoma. However, these mutations are seldom found in mucosal melanoma, making them
infrequently considered a viable treatment for patients with mucosal melanoma [46]. In cases where
a targetable mutation exists in the patient, targeted therapy may be a potential candidate as the first-
line treatment.

A patient with OMM harboring a KIT mutation underwent targeted therapy for this mutation
with a KIT inhibitor, and no signs of recurrence were detected within a 41-month period [47].
Moreover, in patients with metastatic OMM with the KIT mutation, it was reported that treatment
with imatinib extended the OS compared to conventional chemotherapy. However, of the 12 patients,
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five died due to treatment resistance [14]. Thus, the inherent heterogeneity of melanoma necessitates
a multifaceted approach, targeting not only the individual mutations but also various mutation
patterns or pathways in combination to enhance the response rate to treatment.

ICIs are of paramount importance in melanoma treatment, especially when patients lack a
targetable mutation. In a pooled data analysis, patients who received nivolumab alone experienced
a median PFS of 3.0 months for mucosal melanoma and 6.2 months for cutaneous melanoma, with
objective response rates (ORR) of 23.3% and 40.9%, respectively. However, the most significant
outcome was observed in patients who received nivolumab and ipilimumab in combination, where
the median PFS increased to 5.9 months for mucosal melanoma and 11.7 months for cutaneous
melanoma, with increased ORRs of 37.1% and 60.4%, respectively [48]. This suggests that
combination therapy has more significant and favorable outcomes in terms of response rates and PFS
in patients with either type of melanoma. However, it should be noted that the combination treatment
also resulted in higher levels of toxicity.

Oral amelanotic melanoma, a subtype of oral melanoma without pigmentation, is an infrequent
type of melanoma; however, it constitutes 75% of oral melanoma cases [49]. The absence of typical
melanin pigmentation can make the diagnosis more challenging, further delaying timely and
appropriate treatment [50]. Thus, oral amelanotic melanomas have a poorer prognosis than
melanomas with pigmentation.

In a patient with metastatic oral amelanotic melanoma stage IVc with negative PD-1 levels, it
was observed that combination therapy with ipilimumab at 3 mg/kg and nivolumab at 1 mg/kg
administered every three weeks for four cycles visibly decreased the size of the oral melanoma lesion
along with shrinkage of the metastatic lesions. However, following the administration of the second
immunotherapy dose, the patient suffered from severe adverse side effects, such as myocarditis,
hypophysitis, and neuritis, and the patient died due to cardiac arrest [51].

A post-hoc analysis of the KEYNOTE-001, 002, and 006 studies evaluated the effectiveness of
pembrolizumab in advanced mucosal melanoma cases; the overall ORR in patients with mucosal
melanoma was 19%, with a median PFS of 2.8 months and a median OS of 11.3 months. Notably, the
responses were comparable between ipilimumab-naive and ipilimumab-treated patients, indicating
that pembrolizumab showed promising efficacy regardless of previous ipilimumab exposure [52].

In a patient with extensive advanced oral melanoma, treatment with ipilimumab followed by
pembrolizumab showed a favorable response. This response was so effective that it eliminated the
need for surgery as long as there was no tumor progression or recurrence [53]. However, to observe
the long-term, reliable effects of pembrolizumab on mucosal melanoma, larger patient cohorts and
longer-duration clinical studies are needed.

Numerous clinical trials have been conducted and are planned for advanced melanoma (Table
1.). However, due to its rarity, there are fewer clinical trials for mucosal melanoma compared to
cutaneous melanoma. Particularly, patients with oral mucosal melanoma should be encouraged to
participate in clinical trials, as it is crucial due to the condition’s rarity, limited treatment options,
potential for personalized therapies, access to advancements, and the contribution to scientific
progress.
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3. Immunotherapy resistance

Resistance to immunotherapy can be clinically classified into two main categories. Patients who
do not experience any therapeutic benefits from the initial attempt are considered to have primary
resistance to the therapy. In contrast, some patients may initially benefit from the therapy, but over
time, the tumor cells can acquire resistance, known as an acquired resistance, through adaptive
changes, leading to tumor regrowth [54]. This resistance can be triggered intrinsically or extrinsically.

The discussion of resistance mechanisms primarily relies on cutaneous melanoma data, as it
serves as a well-studied and more prevalent model in the field. This data offers insights into the
broader understanding of melanoma resistance, even though the article’s main focus is on oral
mucosal melanoma. However, it is crucial to recognize the unique characteristics of mucosal
melanoma and its potential differences in resistance mechanisms to advance treatments for this less
common subtype.

3.1. Mechanism of intrinsic resistance to immune checkpoint blockade therapy in melanoma

Low antigen expression is one of the primary contributors to the resistance against
immunotherapy in cancer cells. Additionally, impairments in the system responsible for antigen
processing and presentation, upregulation of constitutive PDL-1, absence of tumor-specific antigens
and antigenic mutations, perturbations in the signaling pathways, genetic exclusion of T cells, and
modifications in immune evasion mechanisms may significantly contribute to escaping immune
responses, as elucidated by Sharma et al. in their comprehensive review [54]. In addition, regulatory
networks dependent on TCF4/BRD4, MYC, the cytoprotective enzyme heme oxygenase-1 (HO-1), the
loss of Kelch-like ECH-associated protein 1 (KEAP1), the loss of E-cadherin, and endogenous opioids
are considered resistance-driver factors against immune checkpoint blockade in melanoma patients
(Figure 1.).
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Figure 1. The intrinsic mechanism underlying the resistance to immune checkpoint blockade. This
mechanism includes the following elements: 1. alterations in signaling pathways, transcription
factors, and regulatory networks; 2. lack of antigenic mutations/neoantigens; and 3. defects in antigen
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processing and presenting machinery. Upregulation of the MAPK pathway can contribute to
resistance by increasing PDL-1 expression and also through defective T cell infiltration and the
acquisition of a mesenchymal phenotype by melanoma cells. Activation of the (3-catenin pathway
leads to T cell exclusion and resistance, as does the loss of Pten and the upregulation of the
transcription factor Zebl. The lack of tumor antigens or antigenic mutations poses a barrier to the
immune system’s ability to recognize tumor cells. A regulatory network dependent on TCF4/BRD4
not only hinders antigen presentation, interferon signaling, and activation of leukocytes-associated
gene expression but also supports the acquisition of a mesenchymal phenotype, leading to resistance.
For an effective immune response, tumor antigens need to be presented to the immune system.
Dysregulation of MHC-1, B2M, and TAP in the antigen processing and presenting machinery hinders
proper antigen presentation, thereby impeding a robust immune response. Interferon-gamma plays
a dual role in resistance mechanisms by upregulating both MHC-1 and MHC-2, contributing to
antigen processing and presenting machinery, while also leading to PDL-1 expression. Although
PDL-1 expression can lead to T cell dysfunction and resistance, it has been observed that cases with
lower PDL-1 expression can result in insensitivity to anti-PDL-1 immunotherapy. Abbreviations:
MHC, major histocompatibility complex; TAP, the transporter associated with antigen processing;
B2M, beta-2-microglobulin; IFN-y, interferon gamma; MAPK, mitogen-activated protein kinases;
PTEN, phosphatase and tensin homolog; Zebl, zinc finger E-box-binding homeobox 1; ER,
endoplasmic reticulum.

3.1.1. Impairments in the antigen processing-presenting machinery

Therapies targeting CTLA-4 and PD-L1 promote T cell-driven immune enhancement against
cancer. For these therapies to be effective, T cells present in the environment must recognize the
cancer cells. Antigen presentation stimulates T cells to recognize the pathological cells; thus, any
defect in the components of the tumor antigen-presenting machinery that prevents T cells from
recognizing cancer cells may facilitate the evasion of immune defenses by tumor cells.

Human leukocyte antigen class I (HLA-I) is a noteworthy component of this machinery.
Analysis of transcriptomic data from melanoma biopsies of immune checkpoint blockade responders
and non-responders showed that responders had high levels of HLA-I in comparison to non-
responders, suggesting that suppression of HLA-I antigen processing and presentation machinery
plays a significant role in primary resistance to anti-CTLA-4 and anti-PD-1 therapy. Alternatively,
the induction of Retinoic acid-inducible gene I (RIG-I) has been demonstrated to reverse HLA-I
suppression in patients with melanoma, suggesting that it can be targeted to overcome resistance to
immune checkpoint blockade [55]. Of note, Paulson et al. emphasized the importance of
distinguishing between the two types of immunotherapy escape mechanisms, genetic HLA loss and
transcriptional HLA loss, as genetic HLA loss demands the generation of novel T cell responses to
target alternate HLAs to overcome immunotherapy resistance, while transcriptional HLA loss has
the potential to be reversed through drug-based therapies to restore HLA expression [56]. This study
underscores the importance of recognizing these distinct mechanisms to better understand and
develop effective strategies for overcoming immunotherapy resistance.

Beta-2-microglobulin (B2M) is another indispensable element of APM, which  participates in
MHC Class I antigen presentation; its loss, particularly through loss of heterozygosity, may lead to
the subsequent loss of MHC Class 1 and the proper  presentation of tumor antigens, which
hampers an effective anti-tumor response and contributes to immune evasion and resistance to
therapy. The presence of B2M defects in patients is significantly correlated with non-responsiveness
to anti-CTLA-4 therapy and anti-PDL-1 therapy. Notably, the fact that B2M defects are
predominantly detected in samples taken before treatment from non-responders as well as in post-
progression  samples from patients with an initial response to immune checkpoint blockade
suggests that B2M alterations may be involved in both acquired and primary resistance in
metastatic melanoma [57].

IFN-y displays a critical role in the antigen processing and presentation machinery,
predominantly by upregulating MHC-1 and MHC-2 [58]. This becomes significant,  especially
within the scope of anti-PD-1 therapy, given that the initial response to such treatment is linked to
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preexisting immune activation mediated by IFN-y, which is  primarily manifested through the
increase in expression of MHC-2 in metastatic melanoma [59]. IFN-y also has a role in
inducing PDL-1 expression [64]. Downregulation of this cytokine leads to downregulation of PDL-1,
which causes insensitivity to anti-PD-1 immunotherapy and has been identified as an adaptive
resistance mechanism [60].

Studies have indicated that impairments in the IFN-y signal pathway in melanoma can also lead
to a reduced response to anti-CTLA-4 therapy. Conversely, patients treated with ipilimumab showed
an elevated level of IFN-y and a better immune response [61]. In contrast, prolonged IFN-y exposure
causes resistance to radiotherapy plus anti-CTLA-4 treatment in melanoma cells. This is because IFN-
v increases PDL-1 expression, which suppresses T cells and results in adaptive resistance.
Furthermore, extended IFN-y exposure induces adaptive resistance through the STAT1 pathway,
independent of its impact on PDL-1 expression [62]. This indicates that IFN-y has a multifaceted role
in inducing resistance to immune checkpoint blockade therapy,  contributing to primary, adaptive,
and acquired resistance to immune checkpoint blockade therapy in melanoma.

3.1.2. Alterations in signaling pathways

One of the resistance driver pathways is the MAPK pathway, whose upregulation has a negative
effect on anti-tumor activity by regulating the production of VEGF and IL-8. The upregulation of
these cytokines results in defective T-cell infiltration [54]. Jiang et al. showed that the MAPK pathway
has the potential to stimulate PD-L1 expression in melanoma cells that have developed resistance to
BRAF inhibition, suggesting that targeting the MAPK pathway can enhance the tumor response to
immunotherapy [63]. Furthermore, mutations in this pathway increase CD73 expression. It has been
suggested that these enzymes are upregulated in some patients undergoing immune checkpoint
blockade therapy, and melanoma cells acquire a mesenchymal phenotype through the release of
adenosine, ultimately causing adaptive resistance to therapy [64].

T-cell exclusion is another critical factor that leads to resistance to ICI therapy. It has been
observed that the activation of the (3-catenin pathway in melanoma cells leads to T cell exclusion and
primary resistance to T cell-based cancer treatments such as ICIs due to the insufficient number of
pre-existing T cells [65]. Tumor-intrinsic [-catenin signaling causes defective recruitment of CD103+
dendritic cells, which are crucial for CD8+ T cell function and immune infiltration [65].

PTEN is another determinant of T cell exclusion. Zhao et al. examined 66 patients with
glioblastoma multiforme before and after PD-1 therapy to investigate the determinants of the
therapeutic response. They detected an enrichment of PTEN mutations in non-responders, indicating
that PTEN loss is connected to the development of resistance to anti-PD-1 therapy [66].

Loss of PTEN contributes to resistance to immunotherapy in melanoma, mainly by activating
the PI3K pathway and decreasing the level of CD8 T-cells in tumors through the secretion of
inhibitory cytokines, such as CCL2 and VEGEF, as well as by inhibiting autophagy [67].

In contrast, ZEB1, a transcription factor that promotes the transition from epithelial to
mesenchymal states may also contribute to immune escape by decreasing CD8+ T-cell accumulation
in melanoma. ZEB1 causes a decrease in CD8+ T-cell infiltration into tumors through the
downregulation of CD8+ T-cell-attracting chemokines and cytokines, such as CXCL10, CCL3, CCL4,
IFN-y, and TNEF-a. Thus, ZEB-1 depletion is a positive regulator of anti-PD1 therapy [68].

3.1.3. Absence of tumor antigens and lack of antigenic mutation

Tumor neoantigens produced by tumor cells are distinct antigens formed by specific genetic
mutations in cancerous cells. These mutations make them recognizable as foreign cells by the immune
system and initiate an immune reaction against the tumors. However, tumor cells may sometimes
lack these tumor antigens or may have some limitations in presenting them on the cell surface. This
leads to an ineffective T-cell response and, in turn, resistance to T-cell-based immunotherapies such
as anti-PDL-1 and anti-CTLA-4 in melanoma.

However, chronic stimulation with tumor antigens also promotes T-cell dysfunction and
unresponsiveness [69]. Thus, antigenic mutations or newly emerged neoantigens are required to
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boost an effective anti-tumor response. Newly emerged neoantigens can serve as crucial factors in
inducing durable T-cell responses and overcoming resistance. Studies have shown that the
synergistic action of newly emerged neoantigen-induced CD8+ T cells and anti-PD-L1 therapy
contributes to tumor elimination in a murine model of malignant melanoma [69]. The isolation of
neoantigen-specific TCRs from metastatic melanoma tumor samples indicated the existence of
neoantigen-specific T cell responses [70]. Tumors with a high abundance of clonal neoantigens are
more responsive to immune checkpoint blockade in patients with melanoma [71]. Nevertheless, it is
important to highlight that even melanomas with a low abundance of neoantigens can exhibit
positive responses to immune checkpoint therapy [72]. Thus, understanding the role of clonal
neoantigens in immune checkpoint blockade resistance is crucial for developing strategies to
overcome resistance and improve treatment outcomes. Efforts are underway to identify and
characterize the neoantigens in melanoma and to develop personalized immunotherapies that target
these specific antigens, potentially enhancing the effectiveness of immune checkpoint blockade in
resistant tumors.

3.1.4. Expression of PD-L1 and other contributing factors to resistance

The relationship between PDL-1 expression and resistance to immune checkpoint therapy is
complex and needs to be clearly understood to select suitable patients for therapy and improve
their prognosis.

PDL-1 can be either constitutively expressed or induced. Constitutive expression of PDL-1 is
triggered by intrinsic oncogenic signaling pathways, whereas inducible PDL-1 is expressed as a
response to inflammatory cytokines in the tumor microenvironment (TME) [73].

Intrinsic PDL-1 has a pro-tumoral effect, and this can lead to responsiveness to PD-1/PD-L1
inhibitor therapy [74]. Recent findings indicate that melanoma cells displaying increased constitutive
PDL-1 expression have a diverse transcriptomic profile characterized by de-differentiation and active
tumor necrosis factor (TNF) and interferon(IFN) signaling pathways, potentially contributing to
resistance [75].

The presence of enhancers in patients before treatment or their acquisition during treatment can
also lead to innate or adaptive resistance to ICI therapy in melanoma by activating several pathways
that cause resistance [76].

In a recent study, a regulatory network dependent on TCF4/BRD4 was linked to the
development of resistance to both targeted and immune checkpoint therapies in melanoma. This
network supports the maintenance of a mesenchymal-like phenotype while inhibiting gene
expression associated with antigen presentation, interferon signaling, and activation of leukocytes
[77]. MYC appears to have a substantial influence on immunotherapy resistance by negatively
affecting Janus Kinase 2(JAK2) expression and the responsiveness of melanoma cells to IFNy [78].

Fructose consumption has also been shown to upregulate the cytoprotective enzyme heme
oxygenase-1 (HO-1), which can contribute to resistance to checkpoint blockade in melanoma [79].
This indicates that dietary factors can influence the TME and potentially hinder the effectiveness of
ICIs.

Furthermore, the loss of KEAP1 in melanoma has been identified as a factor leading to resistance
against anti-PD-1 therapy. Patients with low KEAP1 expression, when treated with an anti-PD-1
antibody, exhibited worse OS [80]. This suggests that the status of KEAP1 expression may serve as a
predictive biomarker for patient responses to anti-PD-1 therapy.

In addition, resistance to immune checkpoint blockade is connected to the loss of E-cadherin,
which is indicative of mesenchymal transition [81]. E-cadherin loss in tumor cells may inhibit CD103
anti-tumor activity and diminish the effectiveness of immune checkpoint blockade [81]. Another
study identified endogenous opioids as the potential drivers of T-cell dysfunction and resistance to
immune checkpoint blockade in melanoma [82]. These observations highlight the intricate interplay
of the factors contributing to resistance to immune checkpoint blockade therapy in melanoma and
emphasize the need for more precise and targeted approaches.
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3.2. Role of the extrinsic tumor resistance mechanism

Crosstalk between TME components such as immunosuppressive cells, inhibitory receptors,
exosomes, and cancer cells allows cancer cells to gain invasive properties and escape immune attacks
[83]. The abstract of the extrinsic mechanism of resistance to immune checkpoint blockade is shown

(Figure 2.).
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Figure 2. The extrinsic mechanism underlying the resistance to immune checkpoint blockade.This
mechanism of resistance to immune checkpoint blockade includes extrinsic (A) immune suppressive
cell components such as regulatory T cells (Treg), tumor-associated macrophages (TAMs),
regulatory/tolerogenic dendritic cells (DC), and myeloid-derived suppressor cells (MDSC), (B)
various inhibitory receptors such as PDL-1, CTLA-4, LAG-3, TIMS-3, and VISTA, (C) hypoxic tumor
microenvironment, and (D) phenotype switching. Abbreviations: LAG-3, lymphocyte-activation gene
3; PDL1, programmed death-ligand 1; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; TIM-3,
T-cell immunoglobulin and mucin domain 3; VISTA, V-domain I g suppressor of T cell activation;
HIF-1a, hypoxia-inducible factor 1-alpha; MITF, microphthalmia-associated transcription factor

Tregs represent an important subgroup of immunosuppressive cells that infiltrate the melanoma
microenvironment [84]. Treg cells employ their ability to dampen the immune response by producing
cytokines like IL-10 and IL-35. Aside from their ability to suppress effector T cells, they induce tumor-
infiltrating macrophages to generate B7-H molecules, and the interaction of these molecules with
their ligands contributes to immune tolerance by dampening the T cell response [85]. Additionally,
Tregs can communicate with other immunosuppressive cells in the TME by secreting various
cytokines, which in turn enhance the immunosuppressive microenvironment [86]. Nevertheless,
even after their death, Treg cells may still persist in exerting their immunosuppressive effects [87].

A study revealed that Tregs undergo programmed cell death within the TME, and contrary to
expectations, apoptotic Tregs were more effective in suppressing T-cell activation, mainly by
producing high levels of ATP and converting it into immunosuppressive adenosine using specific
enzymes. It was also shown in mouse cancer models that apoptotic Tregs affect anti-PDL-1 therapy
adversely. This study proposed that hypoxia-induced Treg apoptosis may serve as a novel immune
evasion mechanism in the TME, potentially leading to immune checkpoint blockade resistance [88].

Myeloid-derived suppressor cells (MDSCs) are a diverse group of myeloid cells with
immunosuppressive  capabilities. The most important mechanism underlying their
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immunosuppressive activity is the increased expression of nitric oxide (NO) and activation of
arginase (Arg)-1. Arg-1 causes L-arginine depletion, which is required for T-cell function, whereas
NO expression inhibits T-cell proliferation. Through these mechanisms, MDSCs lead to T cell
dysfunction and a reduced response to immunotherapies such as immune checkpoint blockade
[85,89].

High MDSC levels in melanoma patients who received ipilimumab indicate an unfavorable
prognosis[90]. Conversely, patients with advanced melanoma who had reduced levels of
CD33+CD11b+HLA-DR-MDSCs prior to treatment with ipilimumab exhibited extended survival and
an objective clinical response [91]. Studies have also provided evidence regarding the association
between an increased MDSC population and a lack of functional T cells, which can limit the efficacy
of ICIs [92].

Cell-to-cell interactions also have a notable impact on shaping the TME. Cells in the TME may
have the ability to impact the characteristics of cancer cells and the expression of other cells in the
TME. Tirosh et al. examined 471 tumors from The Cancer Genome Atlas dataset. They found that a
TME in which cancer-associated fibroblasts (CAFs) were highly abundant was associated with an
invasive phenotype (microphthalmia-associated transcription factor (MITF)-low/AXL-high) of
melanoma cells [93]. Phenotype switching is the term used to describe the ability of melanoma cells
to transition between various cell states [94]. Resistance to PD-1 inhibitors, a common type of ICIs, is
often associated with melanoma de-differentiation [95]. Investigation of melanoma tumor tissue
samples taken before the administration of anti-PD1 therapy revealed that patients who responded
to the therapy showed differentiated gene signatures characterized by high proliferation and low
invasiveness. In contrast, non-responders are characterized by highly invasive and de-differentiated
gene expression signatures [96]. These findings emphasize that by undergoing a phenotypic switch
from proliferative MITF-high differentiated subpopulations to invasive MITF-low de-differentiated
subpopulations, melanoma cells potentially become resistant to ICB therapy.

IDO, mainly present in tumor and host immune cells, is an enzyme that degrades tryptophan
and negatively regulates the immune response to immune checkpoint blockade by inducing T-cell
exhaustion and Treg proliferation in the TME [97,98]. IDO-deficient mice show elevated intratumoral
ratios of effector T cells to T regs, which is a positive indicator of prognosis, after treatment with
CTLA-4 [99]. Its deficiency was also shown to improve the prognosis after anti-PD-1/PDL-1 treatment
[99].

Thus, a combination therapy of IDO inhibitors and ICIs emerged to overcome resistance and
enhance the efficacy of the treatment. Although Phase I/II trials of the IDO inhibitor plus
pembrolizumab in solid tumors, including melanoma, showed promising results, a phase III trial in
patients with unresectable or metastatic melanoma failed due to not meeting the primary end point
[100,101] and no significant difference between the combination treatment and pembrolizumab alone
groups was observed [101].

However, some studies showed that, while elevated IDO expression in surgically treated
patients is correlated with shorter PFS or OS, treatment with PD-1 inhibitor showed longer PFS in
patients with acral and mucosal melanoma who have elevated IDO levels. Iga et al. have stated that
the reason for this is that the immune-suppressive environment caused by IDO can be reversed with
immunotherapy, but the immune-suppressive environment created by IDO in patients treated with
surgery alone cannot be reversed [102]. In essence, the conflicting findings suggest that IDO may
have a dual role in cancer. In patients treated with surgery alone, IDO’s immune-suppressive effects
may worsen outcomes. Still, in patients receiving immunotherapy, the therapy may counteract these
effects, leading to better responses.

TAMs are another cell component present in TME. TAMs exhibit various phenotypes,
encompassing Ml-like and M2-like characteristics, with the latter being associated with
immunosuppressive functions. In an experimental mouse model of melanoma, using a monoclonal
antibody against MARCO, a scavenger receptor on TAMs, reduced the presence of M2 TAMs and
improved the effectiveness of anti-CTLA-4 antibody therapy [103]. Several mechanisms have been
proposed to explain how TAMs promote resistance to immune checkpoint therapy. One mechanism
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is through the secretion of immunosuppressive molecules such as TGF-f and PGE2. These molecules
inhibit the activity of cytotoxic T cells and promote the expansion of Tregs, which dampens anti-
tumor immune responses. Additionally, TAMs have the capability to produce immune checkpoint
proteins like PD-L1, which can directly suppress the activity of T cells. The presence of PD-L1 in
TAMs is correlated with resistance to PD-1/PD-L1 blockade therapy [104].

Additionally, hypoxia is a significant factor in influencing how patients with melanoma respond
to ICIs and develop resistance to them. Hypoxia reduces the expression of MITF, a crucial gene
involved in melanocyte differentiation. This decrease in MITF level is controlled by hypoxia-
inducible factor la (HIF-1a). Consequently, melanoma cells adopt a more invasive phenotype,
leading to resistance against immune checkpoint therapy [105]. As with chronic antigen stimulation,
hypoxia can also affect multiple facets of T-cell function and contribute to therapeutic resistance by
causing T-cell dysfunction. Moreover, lactate induced by hypoxia encourages Tregs to maintain their
immunosuppressive properties and regulates the expression of PD-1 and PDL-1 [106,107]. In
addition, cells exposed to hypoxia can undergo a hypermetabolic transformation marked by elevated
glycolytic activity, leading to resistance [108].

In the case of an excessive immune response, a regulatory mechanism comes into effect to avoid
excessive stimulation of T cells that could cause autoimmune diseases and tissue damage. In
response, cells release inhibitory molecules such as CTLA-4, PD-1/PDL-1, T-cell immunoglobulin and
mucin domain 3 (TIM-3) and lymphocyte-activation gene 3(LAG-3) for immune modulation [109].
The effectiveness of ICIs can be hindered in melanoma because of the increased expression of
immune checkpoints such as TIM-3 and V-domain I g suppressor of T cell activation(VISTA) [110].
Preclinical studies have also correlated TIM-3 upregulation with resistance to anti-PD-1 therapy, and
elevated VISTA expression has been observed in patients with melanoma who underwent disease
progression while receiving anti-PD-1 inhibitor therapy [110]. T-cell immunoreceptor with Ig and
ITIM domains(TIGIT), a recently identified immune checkpoint receptor, interacts with its ligand
CD155, transmitting inhibitory signals and thus functioning in a manner similar to other immune
checkpoints such as PD-1 and CTLA-4 [111]. Therefore, therapies aimed at blocking these co-
inhibitory receptors to counteract immune resistance by reversing the negative effects they exert on
T cells are in development.

4. Conclusion and future directions

The discovery of ICIs has driven significant improvements in immunotherapy. ICIs are effective
in both adjuvant and primary treatment settings, particularly for melanoma, which has high
immunogenicity. In addition to being used as a first-line or adjuvant treatment, recent research
findings indicate that ICIs can enhance the effects of other conventional therapies such as radiation
and chemotherapy.

The term “abscopal effect” refers to a rare phenomenon in which radiation therapy applied to
one area has an anti-tumor effect on a distant tumor. This effect was observed in a patient with OMM
who underwent maxillary resection and bilateral neck dissection, followed by adjuvant treatment
with nivolumab. After the occurrence of brain, spleen, and liver metastases, the patient received
radiation therapy for the brain tumor, and as a result of the abscopal effect, a regression was seen in
the liver and spleen metastases. It was suggested that nivolumab played a role in exerting this effect
[112].

ICIs can also improve the effectiveness of subsequent chemotherapy. In patients with malignant
melanoma who developed resistance to PD-1 blockade, the overall response to chemotherapy
administered with PD-1 inhibitor was higher than that in patients who received chemotherapy alone
[113]. Recent studies have investigated the use of ICIs as a conversion therapy. Conversion therapy
involves shrinking initially unresectable cancerous lesions through various treatment approaches,
such as chemotherapy, immunotherapy, or radiotherapy, to make surgical operations feasible and
safe. Zhang et al. demonstrated the effectiveness of combining PD-1 inhibitors with tyrosine kinase
inhibitors as a conversion treatment for advanced hepatocellular carcinoma, showing a RFS rate of
75% at 12 months after surgery [114]. However, clinical studies on the use of ICIs as conversion
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therapy for melanoma and other types of cancer are limited. Especially in OMM, where a late
diagnosis can make surgery extremely challenging, the application of ICIs as a conversion therapy
holds promise, and further research in this field is needed.

Despite playing a significant role in various stages of cancer treatment, a significant number of
patients acquire resistance to ICIs and fail to benefit from treatment. Therefore, to achieve more
effective treatment outcomes, it is essential to elucidate the mechanisms that contribute to drug
resistance to ICIs. Combination therapies targeting specific pathways or proteins have come to the
forefront for overcoming immune checkpoint blockade resistance and enhancing the treatment
response. Combination therapy using oncolytic viruses and ICIs is one of the most promising
approaches.

An oncolytic virus refers to a virus, whether modified through genetic engineering or existing
naturally, that specifically targets and reproduces within cancer cells, thus triggering a specific anti-
tumor immunity, which leads to the death of cancer cells [115]. Oncolytic viruses assist in overcoming
the resistance to immune checkpoint blockade therapy by infecting cancer cells and inducing their
lysis, resulting in cell death. They also stimulate anti-tumor immunity, converting the cold TME into
a hot TME [116,117].

In patients with advanced melanoma, combination therapy with pembrolizumab and
talimogene laherparepvec (T-Vec), a double-mutated, second-generation oncolytic herpes simplex
virus type 1 (HSV-1), resulted in a notable ORR of 62% and a complete response rate of 33%. In
patients who demonstrated treatment efficacy, combination therapy was observed to modify the
TME by enhancing various cell populations, primarily CD8+ cells [118].

When combined with anti-CTLA-4, G47A, a triple-mutated oncolytic HSV-1, was noticed to
increase the influx of effector T cells into the TME in various cancer mouse models, including
melanoma. This combination therapy augmented the effectiveness of systemic treatment, while also
promoting the conversion of initially immune-resistant TME to a TME that may respond favorably
to the immune response [119].

It has also been observed that G47A is highly effective in mouse models of oral squamous cell
carcinoma, preventing cervical lymph node metastasis via viral traffics from primary lesion to the
lymph node [120]. Especially in cases of oral melanoma where the risk of metastasis is considerably
high due to late diagnosis, the combination of G47A with ICIs holds considerable potential.

Targeting TGF-p also holds promise in overcoming resistance and enhancing
immunotherapy responses. TGF-{3 has a complex role in tumor immunity, hampering the ability of T
cells to infiltrate tumors, reducing their effector functions, and promoting the differentiation of
peripheral CD4+ T cells into Tregs, potentially limiting the host’s natural defense against cancer [121].
To counteract these effects and boost the efficacy of anti-PD-L1 treatment, researchers have proposed
blocking TGF-{ as a strategy [122]. One promising avenue in this endeavor involves the development
of Fc fusion proteins that specifically target TGF-p. These fusion proteins have shown the potential
to counteract TGF-B-induced mesenchymal properties in malignant melanoma cells and TBRI-TPRII-

Fc chimeric receptor inhibited B16 melanoma tumor growth in vivo. Considering the ability of E-
cadherin loss leading resistance to immune checkpoint blockade, it would provide insight into how
immunotherapeutic approaches that block TGF-f3 could enhance responses and overcome resistance
to immunotherapy. [123].

In this paper, we have included many studies that have examined resistance mechanisms in
melanoma. However, these studies have primarily focused on cutaneous melanoma. Mucosal
melanoma including OMM is relatively rare, comprising a smaller percentage of melanoma
diagnoses, which results in limited available data for study. Despite this, cutaneous melanoma, being
more extensively studied, may offer valuable insights and serve as reference points for understanding
resistance in oral mucosal melanoma. Thus, our inclusion of such studies aims to bridge the
knowledge gap and provide a broader perspective on immunotherapy resistance in melanoma.

Due to their shared origin as melanomas, it is possible that some resistance mechanisms may
also be shared between cutaneous and mucosal melanoma. However, it's important to note that
OMM exhibits unique clinical and molecular characteristics that could give rise to resistance
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mechanisms not observed in cutaneous melanoma. Overall, it is important to thoroughly elucidate
the factors contributing to resistance to ICI therapy and develop effective combination treatments
aimed at overcoming these obstacles.
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