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Simple Summary: Cutaneous squamous cell cancer is a form of skin cancer, which is typically found
in older fair-skinned individuals with frequent sun exposure. Most patients present with limited
disease and can be treated with a combination of surgery and/or radiation with favorable outcomes.
A small percentage of patients present with more aggressive, widespread disease. Inmunotherapy
has dramatically improved outcomes and has become the preferred treatment option for these
patients. In this review article, the rationale for using immunotherapy in patients with squamous
cell skin cancer is discussed. A summary of the new treatment options currently being explored is
also provided.

Abstract: Cutaneous squamous cell carcinoma (CSCC) is the second most common non-melanoma
skin cancer. A majority of patients present with localized disease, but some can present with locally
advanced or metastatic disease. Most of these advanced cases occur in the anatomical head and
neck region and are associated with more aggressive disease, necessitating prompt and effective
treatment. Prior to the emergence of immunotherapy, systemic treatment options were limited
to platinum-based chemotherapy and salvaged with targeted epidermal growth factor therapy.
These therapies were associated with poor efficacy and increased toxicity in an often frail, older
population. Immunotherapy has dramatically improved outcomes in this patient population due to
its favorable side effect profile, durable treatment response, and improved overall outcomes. In this
review, an overview of the recent advances of immunotherapy in the management of CSCC in the
anatomical head and neck region is provided, with a focus on advanced presentations.

Keywords: cutaneous squamous cell carcinoma; head and neck; immunotherapy; immune checkpoint
inhibitors; Anti-PD-1; Anti-PD-L1; cemiplimab; pembrolizumab

1. Introduction

Cutaneous squamous cell carcinoma (CSCC) is the second most common non-melanoma
skin cancer, and most cases develop in the head and neck anatomical area (HNCSCC) [1,2].
The main risk factors of HNCSCC are chronic exposure to ultraviolet (UV) radiation,
age, lighter skin complexion, and immunosuppression [3]. It is a disease of older age,
more prominent in men than women, with an incidence of 450 cases per 100,000 person
years in the US and a lifetime risk of about 10% [4]. Multiple primary cancers usually
develop over time. In more than 90% of cases, HNCSCC is a localized disease, which
can be successfully treated with curative surgery or radiotherapy (RT) [5], as described in
the National Comprehensive Cancer Network (NCCN) guidelines [6,7]. Less than 5% of
cases are classified as locally advanced unresectable or metastatic disease (mHNCSCC),
for which systemic treatment is necessary [6]. Furthermore, CSCC within the head and
neck region compared to other disease sites is associated with poorer outcomes. Specifically,
tumors involving the ear, temples, and lips are associated with a higher risk of recurrent
and metastatic disease [7]. Therefore, aggressive treatment of HNCSCC is necessary to
achieve optimal outcomes. Other characteristics associated with a poor prognosis include
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large tumors (>2 cm diameter) with significant depth of invasion (>6 mm), perineural
involvement, and poorly defined, undifferentiated tumors [7,8].

Until the advent of immunotherapy, systemic therapies for HNCSCC were limited to
cytotoxic platinum-based chemotherapy and salvaged with targeted therapy inhibiting
the epidermal growth factor receptor (EGFR) [9]. These therapies are associated with
poor response rates, short duration of response, and substantial morbidity and toxicity,
especially in patients of advanced age [10-13]. Since the Food and Drug Administration
(FDA) approval of cemiplimab in 2018 and pembrolizumab in 2020, immunotherapy has
become the standard of care for patients with locally advanced or mHNCSCC that is not
amenable to curative surgery or RT [14]. These drugs have demonstrated overall response
rates (ORRs) of approximately 40-50%, with higher ORRs seen in tumors with a higher
mutational burden (TMB), due to increased neoantigen expression [14-16]. Interestingly,
high TMB has been shown to predict response to immune checkpoint blockade in cancers
(including lung, melanoma, and bladder) where there was a positive correlation between
CDS8 T cells and neoantigen load [17].

Immune checkpoint proteins serve as key regulators of the immune system’s response
to cancer cells. T-cell activation requires a two-step process: (1) recognition of peptides
via the T-cell receptor, and (2) interaction of coregulatory proteins (immune checkpoints)
expressed on T cells, with partner proteins on tumor cells. Activation of these immune
checkpoints may exhibit either stimulatory or inhibitory immune effects. Under normal cir-
cumstances, immune checkpoints ensure an appropriate immune response, while avoiding
destruction of healthy tissue and immune hyperactivation as seen in autoimmune diseases.
Programmed cell death protein-1 (PD-1) and cytotoxic T-lymphocyte-associated protein-4
(CTLA-4) are examples of immune checkpoints that have been studied extensively in cancer
treatment. Upon activation, PD-1 and CTLA-4 deliver inhibitory signals to T cells resulting
in T-cell inactivation. Immune checkpoint inhibitors (ICIs) block these proteins, resulting
in an augmented anti-tumor immune response [18,19].

This review provides an overview of the recent advances of immunotherapy in the
management of HNCSCC, with a focus on advanced presentations.

2. Methods

For this review paper, the search terms “immunotherapy” and “cutaneous squamous
cell carcinoma” were used in the PubMed database. The search revealed 375 papers pub-
lished between the years 1971 and 2022. These were screened for eligibility. One duplicate
record was removed. Only articles written in English and published within the last 10 years
were included. Articles that did not involve adult human subjects were excluded. Forty-
two articles not relevant to this topic were excluded. A total of 82 articles were included in
this review (Figure 1).

2.1. HNCSCC Carcinogenesis

Cutaneous squamous cell carcinoma arises from uncontrolled growth of atypical
keratinocytes, a major cell type found in the epidermidis [20]. The current model for
CSCC carcinogenesis is gradual and stepwise, in which chronic exposure to UV-B radia-
tion/carcinogens may result in accumulation of tumor suppressor gene mutations. This can
promote development of dysplastic precursor lesions, known as actinic keratoses (AK).
However, a majority of AKs regress spontaneously, with regression rates of single AK
lesions ranging from 15% to 63% after one year [21]. Only with the accumulation of subse-
quent gene mutations can AK further progress into squamous cell carcinoma in situ (SCCIS),
then invasive CSCC [22]. The majority of invasive CSCC cases arise from progression of
AK; however, they can also develop de novo [20].

UV-B radiation is a major risk factor for CSCC development and has several detrimen-
tal effects on skin cells. It is absorbed almost completely within the epidermal skin layer.
Exposure to UV-B radiation is responsible for promoting skin inflammation, and excess
exposure can result in keratinocyte cell injury and apoptosis [23]. UV-B radiation causes
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several types of DNA damage including point mutations (C—T and CC—TT), crosslinking
(thymine and pyrimidine dimers), and strand breaks [23,24]. Consequently, DNA tran-
scription and replication is impaired, leading to genomic instability and loss of function of
tumor suppressor genes that normally promote senescence and apoptosis [23]. TP53 is the
most common gene mutation in CSCC, followed by NOTCH1/2, FAT1, and CDKN2A [25].
This genomic instability indirectly promotes activation of downstream pathways such as
PI3K/AKT/mTOR, which allow uncontrolled keratinocyte proliferation [20].
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Figure 1. PRISMA flow diagram of literature search and study selection for review.

2.2. Role of Surgery in HNCSCC

Treatment for CSCC is guided by whether lesions are considered low or high risk.
Lesions involving the head and neck are considered high risk regardless of their size.
For high-risk CSCC, Mohs micrographic surgery (MMS) is the preferred treatment modal-
ity [7]. With MMS, a trained surgeon removes thin layers of skin followed by microscopic
tissue visualization of each section. If cancer is visualized in a section, then this process
is repeated until no further tumor is present. This process allows for complete removal
of tumor prior to wound closure and is intended to preserve as much normal tissue as
possible [26]. It is associated with high cure rates (99.3% local recurrence-free survival) as
demonstrated in a 5-year prospective multicenter study involving patients with invasive
CSCC [27]. Finally, MMS was found to be associated with lower recurrence rates (3%)
compared to standard excision (8%) in a 2019 retrospective study by van Lee et al. [28].
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If negative margins are achieved following MMS, but extensive perineural involve-
ment or other high-risk features are present, adjuvant RT is suggested. However, for CSCC
cases that lack these features, continued cancer surveillance is offered every 3-to-6 months
for the first 2 years, then every 6-to-12 months for the next 3 years, followed by annual skin
exams. If positive margins remain following MMS, re-excision should be attempted. It this
is not possible, RT and/or systemic therapy with immunotherapy should be considered [7].

2.3. Role of Radiation Therapy in HNCSCC

Upfront RT is indicated for HNCSCC patients who are considered poor surgical can-
didates (inoperable or patient preference) or if surgery is infeasible. Surgery may not
be appropriate for the following reasons: (1) potential disfigurement or loss of function,
(2) impossibility to obtain clear margins, and (3) older patients with multiple comorbidi-
ties [29]. Definitive RT has been demonstrated to be effective in the treatment of invasive
CSCC and is associated with low recurrence rates. In a 2012 meta-analysis of 14 retrospec-
tive studies (total of 1018 primary CSCCs), a 6.4% pooled average local recurrence rate was
observed following RT [30].

Radiation therapy could be indicated to reduce the risk of recurrence following surgery.
As previously discussed, adjuvant RT is indicated for patients with positive margins
following surgery (lesions that cannot be re-excised); recurrence following prior surgery
with negative margins; lymph node involvement, especially if an extranodal extension is
present; or presence of disease with perineural invasion [7]. Adjuvant RT has been shown to
improve survival outcomes in CSCC patients with positive margins [31-34]. Additionally,
in CSCC cases with negative margins, adjuvant RT reduced the CSCC recurrence rate
by 50% [35].

Radiation therapy is generally well tolerated. Potential RT-related toxicities are classi-
fied as acute (up to 6 months following RT) and delayed (greater than 6 months following
RT). Acute toxicities manifest as skin reactions ranging in severity from redness to ulcera-
tion. Delayed toxicities can develop months to years following RT and are more frequently
observed at higher dosages. Delayed toxicities may include changes in skin pigmentation,
necrosis, atrophy, fibrosis, and secondary cancers [36].

Finally, the use of RT is contraindicated for genetic conditions such as Li-Fraumeni
syndrome or ataxia-telangiectasia, which predispose patients to increased RT toxicity.
Connective tissue disorders such as scleroderma are a relative contraindication due to
the potential risk for RT-induced fibrosis and worsening of symptoms [37]. Given the
high risk for complications, recurrent lesions should not be irradiated within the same
radiation field [29].

2.4. Use of Chemotherapy in HNCSCC

There are no standardized chemotherapy regimens for the treatment of locally ad-
vanced or mHNCSCC. Chemotherapeutic agents that have been studied include platinum
agents (cisplatin or carboplatin), 5-fluorouracil, bleomycin, doxorubicin, methotrexate,
and taxanes. The most-utilized treatment strategies have been platinum agents, used as
mono- or combination therapy. Chemotherapy efficacy data has been mostly limited to
small observational studies with varying responses [38]. One randomized controlled trial
involving treatment with a cisplatin-based regimen had an ORR of 34% [39]. Drawbacks
for chemotherapy include: (1) poor efficacy, (2) a short duration of response (non-curative),
and (3) increased toxicity, which is a major treatment barrier for older, frail patients with
multiple comorbidities [40]. For these reasons, the NCCN guidelines recommend cytotoxic
chemotherapy for patients who are deemed ineligible or experience disease progression
following immunotherapy [7].

2.5. Use of Targeted Therapy in HNCSCC

EGEFR inhibitors have been investigated extensively and represent a molecular target
for the treatment of advanced HNCSCC. EGFR overexpression has been demonstrated in
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HNCSCC and may be associated with a poor prognosis [41]. EGFR inhibitors are classified
into 2 groups based on their mechanism of action: monoclonal antibodies, which block
EGFR, and small molecules that inhibit tyrosine kinase activity. Activation of EGFR within
cells triggers downstream pro-proliferative pathways, including PI3K/AKT/mTOR and
RAS/RAF/ERK. Cetuximab is a monoclonal antibody, which is the most studied of the
EGEFR inhibitors in the treatment of advanced HNCSCC. Its efficacy was first demonstrated
in a phase II study, in which an ORR of 28% was observed at 6 weeks [39]. The NCCN
guidelines recommend EGFR inhibitors for patients who are deemed ineligible for, or expe-
rience disease progression following, immunotherapy [7]. Panitumumab is another EGFR
antibody, which demonstrated an ORR of 31% in a phase II study [42]. Finally, dacomitinib,
a small-molecule pan-human EGFR, was evaluated in a 2018 clinical trial. Efficacy results
were comparable to other EGFR inhibitors with an ORR of 28%, a median progression-free
survival (PFS) of 6 months, and median overall survival (OS) of 11 months [43]. Unfortu-
nately, EGFR inhibitors typically lack sustained antitumor responses as a result of acquired
drug resistance, limiting their long-term efficacy. Drug resistance may develop for a va-
riety of reasons, including overexpression of other cell surface receptors such as vascular
endothelial growth factor receptor (VEGFR), mutations in the ATP-binding domain of the
EGEFR receptor, and mutations in downstream pathways [44].

An additional molecular target currently being explored in HNCSCC is the mitogen-
activated protein kinase/ERK kinase (MEK) pathway, which is downstream from the EGFR
pathway. A phase II study is investigating the combination of MEK inhibitor cobimetinib
with atezolizumab in patients with advanced tumors, including CSCC. Results of this study
(NCT03108131) have not been published yet.

Another molecular target is the VEGFR, which is believed to contribute to EGFR
resistance. A phase I study investigating lenvatinib, a tyrosine kinase inhibitor of the
VEGEFR, in combination with cetuximab for advanced HNCSCC was recently completed
(NCT03524326); the results have not been published.

Finally, the PI3K/AKT/mTOR downstream EGFR signaling pathway represents an-
other promising therapeutic target for CSCC [45]. LY3023414 is a PI3K/AKT/mTOR
inhibitor that has been shown to inhibit human CSCC cell growth in preclinical studies [46].
Additionally, GDC-0084, a small-molecule PI3K-mTOR inhibitor, has also been shown to
inhibit human CSCC cell growth in preclinical testing [47].

2.6. Rationale for Immunotherapy in HNCSCC and Historical Perspective

The first immunotherapy drug used for the treatment of CSCC was intralesional
interferon [48]. Over the past 3 decades, there has been increased knowledge regarding the
immune system’s key role in CSCC pathogenesis [49]. The increased risk of HNCSCC in
immunosuppressed patients suggests that natural immunosurveillance plays a major role
in suppressing HNCSCC development [50].

Under normal circumstances, the immune system acts as a natural defense against
cancer. The strength of immunosurveillance is primordial to prevent cancer growth.
The healthy immune system operates in an elimination mode, by recognizing tumor-
specific antigens, eliminating cancer cells, and preventing tumor growth. The immune
system and tumor may enter an equilibrium mode, in which the cancer is allowed to persist
without growing. An unhealthy immune system allows mutations to arise, and subsets
of cancer cells then evade immune detection because of the dampened immune system’s
antitumor response. This is known as the escape mode, which allows for uncontrolled
cancer growth and progression [51,52]. Examples of unhealthy immune systems include
patients with impaired T-cell function, who are unable to mount an antitumor response,
and therefore are at increased risk of developing CSCC [53]. The overall risk for CSCC is
up to 200-fold greater in solid organ transplant recipients (SOTR) compared to immuno-
competent patients [54]. HIV patients are 2.6 times more likely to develop CSCC, and this
likelihood increases with lower CD4 counts [55,56]. Patients with hematologic cancers such
as chronic lymphocytic leukemia are 8-to-10 times more likely to develop CSCC [57,58].
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Additionally, patients with advanced HNCSCC typically exhibit high TMB, a majority
of which are caused by UV radiation exposure [59]. As previously discussed, UV radiation
can cause P53 alterations, which in turn lead to defects in DNA repair. Collectively, these
mutations can lead to the activation of downstream pathways including EGFR, MAPK,
and PI3BK/mTOR, which contribute to HNCSCC tumorigenesis. Epigenetic dysregulation
via abnormal DNA methylation, histone modification, chromatin remodeling, and micro
RNAs also promote HNCSCC carcinogenesis [60,61]. The high TMB exhibited in HNCSCC
leads to higher levels of neoantigen formation and increases the likelihood of response to
immune checkpoint inhibitor (ICI) therapy [9,14].

2.7. Approved Immunotherapy Agents for HNCSCC

Locally advanced HNCSCC is defined as a tumor that is no longer amenable to
curative surgery or RT, or could lead to severe anatomical dysfunction when treated with
surgery and/or RT [62]. Such aggressive local therapies can cause anatomical deformities
and long-term psychosocial issues for patients. Metastatic HNCSCC is defined as stage III,
IVA, or IVB on the tumor-node-metastasis (TNM) staging system [63].

In the following section, we describe the results obtained in well-designed clinical
trials of modern immunotherapy agents.

2.7.1. Cemiplimab

Cemiplimab is a monoclonal antibody that targets PD-1. It was the first anti-PD-1
drug to be FDA approved for frontline management of patients with locally advanced or
metastatic CSCC [64]. Cemiplimab was evaluated in two open-label, multicenter studies:
Study 1423 had 26 enrolled patients [14,65], and Study 1540 (EMPOWER-CSCC 1) had
193 enrolled patients [14,66-68]. In the phase I study, durable responses were observed in
50% of the 26 patients treated. These results were confirmed in the EMPOWER-CSCC 1 trial,
in which an ORR of 50% was achieved; 7% of the study cohort achieved a complete response
(CR). Key exclusion criteria included SOTR; ongoing or recent immunosuppressant use for
autoimmune disease within the last 5 years; patients previously treated with ICL; history of
hepatitis/HIV infection; or Eastern Cooperative Oncology Group performance status > 2.
Cemiplimab was noted to have an acceptable safety profile with a discontinuation rate
of only 7% and a similar rate of adverse events to other anti-PD-1 drugs [14]. Finally,
cemiplimab was evaluated in a 2018 study to obtain real-world data on its efficacy and
safety. In this retrospective multicenter study of 131 patients, the ORR was 58% with a
discontinuation rate of 9.2%—comparable to previous clinical trial data [69].

2.7.2. Pembrolizumab

Pembrolizumab is a monoclonal antibody that targets PD-1. It is approved for frontline
management of patients with recurrent, metastatic, or locally advanced HNCSCC that
cannot be cured with surgery or RT [16]. Pembrolizumab efficacy was evaluated in 2 open-
label, single-arm, phase II multicenter studies: KEYNOTE-629 enrolled 105 patients [16]
and CARSKIN enrolled 39 patients in the initial cohort along with 57 patients in the
expansion cohort [70]. In KEYNOTE-629, most of the patients received prior systemic
therapy (87%). The ORR was 34%, CR rate was 4%, and partial response (PR) rate was
31%. Pembrolizumab was well tolerated, and the observed toxicities were similar to other
pembrolizumab clinical trials [16].

In the investigator-initiated CARSKIN trial, treatment-naive patients with advanced
CSCC were enrolled and treated for up to 2 years. The ORR was 42%, CR was 7%, and PR
was 35%. Additionally, the ORR was significantly greater (55%) among patients with PD
ligand-1 (PD-L1) positivity, compared to patients with PD-L1 negative tumors (17%). In the
primary cohort patients who were treated up to week 15, the ORR was 41%. None of the
patients recurred during the follow-up observation period of 22.4 months. One developed a
new primary HNCSCC. Finally, the median PFS and OS were 29 weeks (confidence interval
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(CI), 15 weeks-NR) and 108 weeks (CI, 61 weeks-NR), respectively [70]. Interestingly, some
patients had a response up to 72 weeks after starting treatment.

2.8. Predictors of Treatment Response to Immunotherapy in HNCSCC

Presently there are no predictive ICI biomarkers to assess whether patients are re-
sponding well to treatment or to guide decision making for patients with HNCSCC [9].
Response to cemiplimab is not dependent on PD-L1 status, and durable responses have
been observed in both low and high PD-L1 expression groups [15]. A similar finding was
observed with pembrolizumab in KEYNOTE-629. There was no significant relationship
observed between PD-L1 expression and treatment response, although there was a ten-
dency toward improved ORR in subgroups with a PD-L1 positive score of 1 or more in
the combined analysis of patients with metastatic and locally advanced HNCSCC [71].
Given these findings, PD-L1 status should not influence treatment decisions regarding
systemic immunotherapy.

The role of TMB as a predictive biomarker for HNCSCC patients remains unclear.
A study published by Goodman et al. involving SCC patients concluded that 2 charac-
teristics, cutaneous origin and higher TMB, correlated with improved outcomes for PD-
L1 blockade [72]. However, this study had several limitations including a small sample size.
Additionally, further study analysis demonstrated a lack of statistical significance between
TMB and clinical benefit of immunotherapy, limiting our interpretation of such findings [9].

2.9. Special Considerations

Not only are immunocompromised patients at increased risk for HNCSCC, but im-
mune status has been demonstrated to negatively affect disease outcomes. A multicenter
study by Manyam et al. showed significantly lower locoregional recurrence-free survival
(47.3% vs. 86.1%) and PFS (38.7% vs. 71.6%) in immunosuppressed compared to immuno-
competent patients [73]. A retrospective study by Tam et al. demonstrated similar findings,
as immunocompromised status was associated with lower disease-free survival [74].

Additionally, in the SOTR patient population, the type of immunosuppressant used
may influence the development of CSCC. Calcineurin inhibitors are known to increase
the likelihood of CSCC development [75,76]. In order to mitigate this risk, there has been
a trend toward the use of mammalian target of rapamycin (mTOR) inhibitors in SOTR.
Indeed, the use of mTOR inhibitors was noted to increase disease-free survival in kidney
transplant patients with a history of CSCC [77].

Finally, immunotherapy clinical trials have historically excluded SOTR patients, due to
the possibility of graft rejection following ICIl-induced immune activation. Therefore, a risk-
benefit discussion should take place with SOTR patients before starting immunotherapy
because of the significant potential for allograft rejection, resulting in the need for dialysis
and/or death [9]. Currently, the safety and effectiveness of immunotherapy in SOTR is
being investigated in a clinical trial involving kidney transplant recipients who have been
diagnosed with advanced cutaneous malignancies (NCT03816332).

3. Immunotherapy Future Directions
3.1. Neoadjuvant Setting

Currently, there are no approved ICI drugs for treatment of HNCSCC in the neoadju-
vant or adjuvant setting. Clinical trials are ongoing, investigating the use of ICls (both alone
and in combination) prior to surgery. However, risks associated with this approach include
a delay in surgical treatment, which may result in an unresectable tumor and increase the
risk of adverse events. In a study by Ferraroto et al. involving 20 patients with recurrent
and resectable stage II-IV HNCSCC, 2 cycles of cemiplimab prior to surgery resulted in
11 pathologic CRs and 3 major pathologic responses [78]. A follow-up study published in
2022, involving 79 patients with operable stage II-IV HNCSCC, found that up to 4 doses
of cemiplimab prior to surgery was associated with 51% of patients achieving pathologic
CRs [79]. Interestingly, 68% of patients with a clinical partial response were found to have
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a complete pathological response, clinically underestimating the activity of cemiplimab in
this patient population.

3.2. Adjuvant Setting

Previous studies in metastatic melanoma patients demonstrated that lower disease
burden was associated with an increased likelihood of survival following treatment with
PD-1 inhibition [80,81]. Based on these findings, it has been hypothesized that treatment
of residual microscopic HNCSCC disease following surgery with PD-1 blockade may
lead to improved recurrence-free and overall survival. Currently, 2 phase III studies
(NCT03969004 and NCT03833167) are investigating the effectiveness of cemiplimab and
pembrolizumab, respectively, in patients with high-risk or locally advanced HNCSCC who
have been treated with surgery followed by RT. Given the lack of published study data,
the use of immunotherapy in the adjuvant setting remains limited to patients enrolled in
clinical trials [9].

4. New Immunotherapy Drugs and Combinations

Novel treatment approaches are needed to improve outcomes in patients with HNC-
SCC and to overcome drug resistance [6]. These approaches include the use of new IClIs,
combination therapies, and oncolytic viruses.

4.1. Nivolumab

While not officially approved for use in patients with non-melanoma skin cancer, other
ICIs may be effective in treating patients with advanced CSCC. Their efficacy thus far has
been limited to published case reports and case series.

Nivolumab, a monoclonal antibody targeting PD-1, was assessed in 3 patients with
recurrent CSCC who had previously been treated with chemotherapy. A PR was noted in
2 patients, and 1 patient experienced stable disease following 3 months of treatment [82].
Chen et al. described a patient with poorly differentiated advanced CSCC who achieved
CR following treatment with nivolumab and cetuximab [83]. Presently, there are several
ongoing clinical trials (NCT03834233, NCT04204837) evaluating the efficacy of nivolumab
in the treatment of locally advanced and metastatic CSCC [84].

4.2. Ipilimumab

Ipilimumab is a CTLA-4 inhibitor approved for use in metastatic melanoma pa-
tients. Similar to nivolumab, its efficacy has been limited to published case reports.
Day et al. described a patient with metastatic CSCC, previously treated with chemother-
apy, who achieved a CR following 4 cycles of ipilimumab [85]. We have personally
treated 3 such refractory patients and observed a major response to treatment in each
case (unpublished data).

4.3. Immunotherapy and Radiation Therapy

Another innovative strategy is the combination of immunotherapy with RT. Radiation-
induced damage to cells has several effects on the immune system, including T-cell priming
and upregulation of immune checkpoint molecules on tumor cells, which in turn can facili-
tate increased immune-mediated cell death when combined with ICIs [86]. This treatment
approach is currently being evaluated in the UNSCARRed study, investigating the effects
of RT and avelumab in patients with unresectable CSCC (NCT03737721).

4.4. Immunotherapy and EGFR Inhibitors

The I-TACKLE trial—an open-label, nonrandomized, phase II trial in 43 patients with
locally advanced or metastatic CSCC conducted in 3 Italian centers—investigated the
addition of an anti-EGFR agent cetuximab to pembrolizumab to counteract pembrolizumab
resistance. Forty-four percent of patients experienced a response to pembrolizumab with a
cumulative ORR of 63%. Twenty-one patients had primary resistance to pembrolizumab
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and received the combination therapy [87]. The addition of cetuximab led to a response
rate of 38% and is hypothesized to produce a synergistic effect as it contributes to NK cell
activation, which in turn activates negative feedback controls via increased expression of
PD-1, PD-L1, and CTLA-4 [88].

4.5. Oncolytic Viruses

Oncolytic viruses (OVs) are injected into tumors and exert both local and systemic
antineoplastic effects within the body. Locally, OVs selectively infect and grow within
the injected tumor, resulting in tumor lysis and cell death [89]. Tumor lysis leads to the
release of antigens and danger signals, which promote enhanced dendritic cell antigen
presentation, T-cell priming, and T-cell mediated cytotoxicity within the injected tumor.
Additionally, OVs can promote the migration of tumor-specific T cells to uninjected tumor
cells and exert distant antineoplastic effects [90]. Finally, increased interferon (IFN) gamma
signaling leads to upregulation of PD-1 on host T cells and PD-L1 on tumor cells, resulting
in an augmented antineoplastic effect when combined with PD-1 blockade [91] (Figure 2).

(o]
o
Cell lysis resulting
Oncolytic Tamor Cell in release of tumor
Virus antigensand
dangersignals

Uptake of tumor antigen by
dendritic cells leadingto activation
of immune effectorcells and

furtherantitumoractivity

Figure 2. Mechanism of action of oncolytic viruses. Injection of oncolytic virus into tumor cell.
This results in viral replication, and in turn leads to cell lysis and death. Release of tumor cell contents
stimulates activation of immune effector cells via antigen presentation by dendritic cells, leading to
both local and systemic antitumor effects.

RP1 is a genetically modified herpes simplex OV. Niu et al. reported promising results
in the phase I/II IGNYTE trial, in which patients with HNCSCC and other tumor types
achieved a CR rate close to 50% when treated with RP1 monotherapy or in combination
with nivolumab. Tumor regression was observed in both injected and non-injected distant
lesions following RP1, suggestive of a systemic treatment response [92]. A phase II trial
investigating the use of RP1 alone and with cemiplimab in patients with advanced CSCC
(NCT04050436) is ongoing. Finally, RP1 is being investigated in a phase IB/II trial of SOTR
with CSCC and other advanced cutaneous malignancies (NCT04349436).

Talimogene laherparepvec (T-VEC) is another genetically modified herpes simplex
OV currently being studied in CSCC. A recent phase II study interim analysis reported
100% ORR in 7 patients with low-risk CSCC treated with T-VEC [93]. Ongoing clinical
trials are investigating combination therapy with T-VEC, including the use of nivolumab
(NCT03714828) and panitumumab (NCT04163952).
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4.6. Other Therapies

Two studies are investigating the use of photoimmunotherapy in the treatment of
patients with CSCC. This involves the injection of an antibody-dye conjugate, followed by
activation with a particular wavelength of light. RM-1995 is composed of an antibody that
targets CD25, a receptor with increased expression by regulatory T cells (Treg). This drug
conjugate is activated when illuminated by red light, and targets Treg cells within tumors,
thus augmenting the antitumor immune response. RM-1995 is given as a single agent
as well as in combination with pembrolizumab (NCT05220748). In the other study, ASP-
1929 is composed of an EGFR antibody that is also activated by the illumination of red light.
ASP-1929 will be given in combination with cemiplimab (NCT04305795).

Another study is exploring the use of an intra-tumoral vaccine injection expressing
a DNA plasmid known as IFX-Hu2.0 (NCT04160065). This results in expression of a
streptococcal membrane protein within the lesion, which in turn stimulates the immune
system and produces a favorable environment for ICI therapy. This phase I study plans to
enroll 20 patients with advanced non-melanoma skin cancers (accrual is ongoing).

Additionally, B7-H3 has emerged as a promising molecular target for immunotherapy-
based studies. It is an immune checkpoint protein, which exerts inhibitory effects on the
immune system via suppression of T-cell activation and proliferation. It is highly expressed
in various solid tumors, yet has limited expression in normal tissues. Increased B7-H3 ex-
pression has been shown to promote immune escape and tumor growth in head and neck
squamous cell carcinoma (HNSCC) stem cells [94]. Furthermore, a 2018 study found B7-H3
to be highly expressed, particularly in immunocompetent patients with CSCC [95]. While
there are no current clinical trials involving CSCC patients, B7-H3 has been found to be an
effective target in other advanced cancers including HNSCC and melanoma. A recently
published phase I/1I study found the combination of enoblituzumab, a B7-H3 monoclonal
antibody, and pembrolizumab was highly effective (ORR 33%) and well tolerated in pa-
tients with advanced solid tumors [96]. Furthermore, interim results from a phase I study of
enoblituzumab in combination with ipilimumab in refractory cancers suggested it was well
tolerated; however, final study results have not been published yet (NCT02381314). Finally,
several studies are exploring the use of cytokines in combination with immunotherapy,
including one phase IB/IIA study evaluating the use of interleukin-7 (IL-7) in combination
with atezolizumab in patients with advanced cutaneous malignancies (NCT03901573).
IL-7 is critical for the development of naive and memory T cells, which in turn facilitate an
antitumor immune response [6].

5. Summary and Conclusions

CSCC is common, and most cases are diagnosed at an early stage and associated with
a favorable prognosis. Advanced-stage presentations are rare but require multidisciplinary
care due to the complexity of the disease, the patients” comorbidities, and the need for
systemic treatment in an often-frail older population. Immunotherapy has transformed
the care of advanced or mHNCSCC patients due its favorable side effect profile, durable
treatment response, and improved OS rates. Anti-PD-1 drugs remain the backbone of clini-
cal investigation, and new combinations are being tested, including the co-administration
of RT, EGFR antagonists, or OV. Additionally, the activity, efficacy, and safety of anti-PD-1
drugs are currently being evaluated in the neoadjuvant and adjuvant settings for patients
with advanced CSCC (Tables 1 and 2).
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Table 1. Current Immunotherapy Clinical Trials in HNCSCC.

Interventions Sponsor Study Design Conditions Status NCT
Neoadjuvant Queensland Active,
Pembrolizumab Health Phase IT *HNCSCC not recruiting NCT05025813
Pembrolizumab & Active,
Quad Shot RT Wake Forest Phase II eHNCSCC recruiting NCT04454489
eHNCSCC
: - oOral cavity SCC .
Pembrolizumab, National Can- Active,
BAY 1895344, & RT cerInstitute Phase I *Oropharyngeal SCC recruiting NCT04576091
eHypopharyngeal SCC
eLaryngeal SCC
. Roswell Park eHNCSCC .
Pe“,‘;'c’cri‘ﬂ‘ez‘ézmlzli"'“ﬁ%‘:;’ax Cancer Phase I/II eAdvanced NSCLC re‘::;‘t’; NCT02955290
' Institute eHNSCC 5
Pembrolizumab & .
Personalized Neoantigen Mayo Clinic Phase I oA'dvanced ACtl.V.e’ NCT05269381
. . Solid Tumors recruiting
Peptide-Based Vaccine
Pembrolizumab & .. eAdvanced Active,
Sonidegib Mayo Clinic Phase I Solid Tumors recruiting NCT04007744
ONCR-177 (oncolytic S:)ﬁg‘?':lr:sis Active
virus) Alone & Combined Oncorus Phase I . A NCT04348916
. . eLiver Metastases of recruiting
with Pembrolizumab :
Solid Tumors
TransCon TLR7/8 Agonist Ascendis S:ﬁg‘?l?r:\eocls Active
Alone & Combined with Phase I i NCT04799054
Pembrolizumab Pharma eHNSCC recruiting
embrolizuma ©CSCC
Neoadjuvant UC Davis Phase II eHNCSCC Active, — \cTos110781
Atezolizumab recruiting
Beta IL-2 Medicenna Phase U/II eAdvanced Active,  NcTo5086692
Therapeutics Solid Tumors recruiting
Abbreviations: RT: radiotherapy; HNCSCC: head and neck cutaneous squamous cell carcinoma; SCC: squamous
cell carcinoma; NSCLC: non-small cell lung cancer; HNSCC: head and neck squamous cell carcinoma; TLR:
Toll-like receptor; IL-2: interleukin-2.
Table 2. Immunotherapy Agents with Activity in CSCC.
. Median Follow-Up
Author Agents Study Type # of Patients (Months) ORR
Rischin et al. [66—68] Cemiplimab Prospective 193 15.7 46.1%
Ferrarotto et al. [78] Cemiplimab Prospective 20 22.6 30%
Gross et al. [79] Cemiplimab Prospective 79 NR 68%
Grob et al. [16] Pembrolizumab Prospective 105 11.4 34%
Maubec et al. [70] Pembrolizumab Prospective 57 224 42%
Bossi et al. [87] Pembrolizumab+cetuximab Prospective 43 24 63%
Niuet et al. [92] RP1 (OV)+nivolumab Prospective 15 NR 60%
Curiel et al. [93] T-VEC (OV) Prospective 7 NR 100%

Abbreviations: ORR: overall response rate; NR: not reported; OV: oncolytic virus; T-VEC: talimogene laherparepvec.

Author Contributions: Writing original draft: A.K. and C.V,; Methodology: A.K. and C.V.; Supervi-
sion: C.V. Writing, review, and editing: A.K., RW., KK. and C.V. All authors have read and agreed to
the published version of the manuscript.

Funding: The authors declare that they have no sources of funding for this study.
Acknowledgments: The authors thank Angela Dahlberg for editing and revising the manuscript.

Conflicts of Interest: The authors have no conflicts of interest to declare.



Cancers 2022, 14, 5325 12 of 16

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Stratigos, A.].; Garbe, C.; Dessinioti, C.; Lebbe, C.; Bataille, V.; Bastholt, L.; Dreno, B.; Fargnoli, M.C.; Forsea, A.M.; Frenard, C; et al.
European interdisciplinary guideline on invasive squamous cell carcinoma of the skin: Part 1 epidemiology, diagnostics and
prevention. Eur. J. Cancer 2020, 128, 60-82. [CrossRef] [PubMed]

Garcia-Foncillas, J.; Tejera-Vaquerizo, A.; Sanmartin, O.; Rojo, F; Mestre, J.; Martin, S.; Azinovic, I.; Mesia, R. Update on
Management Recommendations for Advanced Cutaneous Squamous Cell Carcinoma. Cancers 2022, 14, 629. [CrossRef] [PubMed]
Que, S.K.T.; Zwald, F.O.; Schmults, C.D. Cutaneous squamous cell carcinoma: Incidence, risk factors, diagnosis, and staging.
J. Am. Acad. Dermatol. 2018, 78, 237-247. [CrossRef] [PubMed]

Apalla, Z,; Lallas, A.; Sotiriou, E.; Lazaridou, E.; Ioannides, D. Epidemiological trends in skin cancer. Dermatol. Pract. Concept.
2017, 7, 1-6. [CrossRef] [PubMed]

Brougham, N.D.; Dennett, E.R.; Cameron, R.; Tan, S.T. The incidence of metastasis from cutaneous squamous cell carcinoma and
the impact of its risk factors. J. Surg. Oncol. 2012, 106, 811-815. [CrossRef]

Alberti, A.; Bossi, P. Inmunotherapy for Cutaneous Squamous Cell Carcinoma: Results and Perspectives. Front. Oncol. 2021,
11,727027. [CrossRef] [PubMed]

NCCN. Squamous Cell Skin Cancer (Version 2.2022). Available online: https:/ /www.ncen.org/ professionals/physician_gls/pdf/
squamous.pdf (accessed on 8 September 2022).

Brancaccio, G.; Briatico, G.; Pellegrini, C.; Rocco, T.; Moscarella, E.; Fargnoli, M.C. Risk Factors and Diagnosis of Advanced
Cutaneous Squamous Cell Carcinoma. Dermatol. Pract. Concept. 2021, 11 (Suppl. 2), €2021166S. [CrossRef] [PubMed]

Silk, A.W.; Barker, C.A.; Bhatia, S.; Bollin, K.B.; Chandra, S.; Eroglu, Z.; Gastman, B.R.; Kendra, K.L.; Kluger, H.; Lipson, E.J.; et al.
Society for Immunotherapy of Cancer (SITC) clinical practice guideline on immunotherapy for the treatment of nonmelanoma
skin cancer. . Immunother. Cancer 2022, 10, e004434. [CrossRef]

Boutros, A.; Cecchi, F; Tanda, E.T.; Croce, E.; Gili, R.; Arecco, L.; Spagnolo, F.; Queirolo, P. Inmunotherapy for the Treatment of
Cutaneous Squamous Cell Carcinoma. Front. Oncol. 2021, 11, 733917. [CrossRef]

Cowey, C.L.; Robert, N.J.; Davies, K.; Espirito, ].L.; Frytak, ].R.,; Lowy, I; Fury, M.G. Treatment patterns and outcomes among
patients with advanced cutaneous squamous cell carcinoma (CSCC) in a US community oncology setting. J. Clin. Oncol. 2019,
37, €21033. [CrossRef]

Ruiz, E.S.; Chen, C.-I; Deering, K.; Xu, Y.; Kuznik, A.; Sasane, M.; Ye, F.; Harshaw, Q.; Andria, M.L.; Fury, M.G,; et al. Treatment
patterns and costs in cutaneous squamous cell carcinoma (CSCC) patients with nodal dissection, chemotherapy, and/or radiation
therapy. J. Clin. Oncol. 2018, 36, €18703. [CrossRef]

European Medicines Agency. Libtayo (Cemiplimab): EU Public Assessment Report. Available online: http:/ /www.ema.europa.eu
(accessed on 14 August 2019).

Migden, M.R,; Rischin, D.; Schmults, C.D.; Guminski, A.; Hauschild, A.; Lewis, K.D.; Chung, C.H.; Hernandez-Aya, L.; Lim,
AM.; Chang, A.L.S,; et al. PD-1 Blockade with Cemiplimab in Advanced Cutaneous Squamous-Cell Carcinoma. N. Engl. ]. Med.
2018, 379, 341-351. [CrossRef]

Migden, M.R.; Khushalani, N.I.; Chang, A.L.S.; Lewis, K.D.; Schmults, C.D.; Hernandez-Aya, L.; Meier, F.; Schadendorf, D.;
Guminski, A.; Hauschild, A.; et al. Cemiplimab in locally advanced cutaneous squamous cell carcinoma: Results from an
open-label, phase 2, single-arm trial. Lancet Oncol. 2020, 21, 294-305. [CrossRef]

Grob, J.J.; Gonzalez, R.; Basset-Seguin, N.; Vornicova, O.; Schachter, J.; Joshi, A.; Meyer, N.; Grange, F.; Piulats, ].M,;
Bauman, J.R.; et al. Pembrolizumab Monotherapy for Recurrent or Metastatic Cutaneous Squamous Cell Carcinoma: A Single-
Arm Phase II Trial (KEYNOTE-629). J. Clin. Oncol. 2020, 38, 2916-2925. [CrossRef] [PubMed]

McGrail, D.J.; Pilié, P.G.; Rashid, N.U.; Voorwerk, L.; Slagter, M.; Kok, M.; Jonasch, E.; Khasraw, M.; Heimberger, A.B.; Lim, B.; et al.
High tumor mutation burden fails to predict immune checkpoint blockade response across all cancer types. Ann. Oncol. 2021,
32, 661-672. [CrossRef] [PubMed]

Karachaliou, N.; Cao, M.G.; Teixido, C.; Viteri, S.; Morales-Espinosa, D.; Santarpia, M.; Rosell, R. Understanding the function and
dysfunction of the immune system in lung cancer: The role of immune checkpoints. Cancer Biol. Med. 2015, 12, 79-86. [CrossRef]
[PubMed]

Mei, Z.; Huang, J.; Qiao, B.; Lam, A.K. Immune checkpoint pathways in immunotherapy for head and neck squamous cell
carcinoma. Int. J. Oral Sci. 2020, 12, 16. [CrossRef] [PubMed]

Fania, L.; Didona, D.; Di Pietro, FER.; Verkhovskaia, S.; Morese, R.; Paolino, G.; Donati, M.; Ricci, F.; Coco, V.; Ricci, F,; et al.
Cutaneous Squamous Cell Carcinoma: From Pathophysiology to Novel Therapeutic Approaches. Biomedicines 2021, 9, 171.
[CrossRef]

Werner, R.N.; Sammain, A.; Erdmann, R.; Hartmann, V.; Stockfleth, E.; Nast, A. The natural history of actinic keratosis:
A systematic review. Br. ]. Dermatol. 2013, 169, 502-518. [CrossRef] [PubMed]

Martincorena, I.; Roshan, A.; Gerstung, M.; Ellis, P.; Van Loo, P.; McLaren, S.; Wedge, D.C.; Fullam, A.; Alexandrov, L.B,;
Tubio, ].M.; et al. Tumor evolution. High burden and pervasive positive selection of somatic mutations in normal human skin.
Science 2015, 348, 880-886. [CrossRef] [PubMed]

D’Orazio, J.; Jarrett, S.; Amaro-Ortiz, A.; Scott, T. UV radiation and the skin. Int. J. Mol. Sci. 2013, 14, 12222-12248. [CrossRef]
[PubMed]


http://doi.org/10.1016/j.ejca.2020.01.007
http://www.ncbi.nlm.nih.gov/pubmed/32113941
http://doi.org/10.3390/cancers14030629
http://www.ncbi.nlm.nih.gov/pubmed/35158897
http://doi.org/10.1016/j.jaad.2017.08.059
http://www.ncbi.nlm.nih.gov/pubmed/29332704
http://doi.org/10.5826/dpc.0702a01
http://www.ncbi.nlm.nih.gov/pubmed/28515985
http://doi.org/10.1002/jso.23155
http://doi.org/10.3389/fonc.2021.727027
http://www.ncbi.nlm.nih.gov/pubmed/35070956
https://www.nccn.org/professionals/physician_gls/pdf/squamous.pdf
https://www.nccn.org/professionals/physician_gls/pdf/squamous.pdf
http://doi.org/10.5826/dpc.11S2a166S
http://www.ncbi.nlm.nih.gov/pubmed/34877074
http://doi.org/10.1136/jitc-2021-004434
http://doi.org/10.3389/fonc.2021.733917
http://doi.org/10.1200/JCO.2019.37.15_suppl.e21033
http://doi.org/10.1200/JCO.2018.36.15_suppl.e18703
http://www.ema.europa.eu
http://doi.org/10.1056/NEJMoa1805131
http://doi.org/10.1016/S1470-2045(19)30728-4
http://doi.org/10.1200/JCO.19.03054
http://www.ncbi.nlm.nih.gov/pubmed/32673170
http://doi.org/10.1016/j.annonc.2021.02.006
http://www.ncbi.nlm.nih.gov/pubmed/33736924
http://doi.org/10.7497/j.issn.2095-3941.2015.0029
http://www.ncbi.nlm.nih.gov/pubmed/26175923
http://doi.org/10.1038/s41368-020-0084-8
http://www.ncbi.nlm.nih.gov/pubmed/32461587
http://doi.org/10.3390/biomedicines9020171
http://doi.org/10.1111/bjd.12420
http://www.ncbi.nlm.nih.gov/pubmed/23647091
http://doi.org/10.1126/science.aaa6806
http://www.ncbi.nlm.nih.gov/pubmed/25999502
http://doi.org/10.3390/ijms140612222
http://www.ncbi.nlm.nih.gov/pubmed/23749111

Cancers 2022, 14, 5325 13 of 16

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Kim, Y,; He, Y.Y. Ultraviolet radiation-induced non-melanoma skin cancer: Regulation of DNA damage repair and inflammation.
Genes Dis. 2014, 1, 188-198. [CrossRef] [PubMed]

Pickering, C.R.; Zhou, ].H,; Lee, ].J.; Drummond, J.A.; Peng, S.A.; Saade, R.E.; Tsai, K.Y.; Curry, ].L.; Tetzlaff, M.T.; Lai, S.Y.; et al.
Mutational landscape of aggressive cutaneous squamous cell carcinoma. Clin. Cancer Res. 2014, 20, 6582-6592. [CrossRef]
Etzkorn, J.R.; Alam, M. What Is Mohs Surgery? JAMA Dermatol. 2020, 156, 716. [CrossRef] [PubMed]

Tschetter, A.J.; Campoli, M.R,; Zitelli, ].A.; Brodland, D.G. Long-term clinical outcomes of patients with invasive cutaneous
squamous cell carcinoma treated with Mohs micrographic surgery: A 5-year, multicenter, prospective cohort study. |. Am. Acad.
Dermatol. 2020, 82, 139-148. [CrossRef] [PubMed]

Van Lee, C.B.; Roorda, B.M.; Wakkee, M.; Voorham, Q.; Mooyaart, A.L.; de Vijlder, H.C.; Nijsten, T.; van den Bos, R.R. Recurrence
rates of cutaneous squamous cell carcinoma of the head and neck after Mohs micrographic surgery vs. standard excision:
A retrospective cohort study. Br. J. Dermatol. 2019, 181, 338-343. [CrossRef] [PubMed]

Likhacheva, A.; Awan, M.; Barker, C.A.; Bhatnagar, A.; Bradfield, L.; Brady, M.S.; Buzurovic, I.; Geiger, ].L.; Parvathaneni, U,;
Zaky, S.; et al. Definitive and Postoperative Radiation Therapy for Basal and Squamous Cell Cancers of the Skin: Executive
Summary of an American Society for Radiation Oncology Clinical Practice Guideline. Pract. Radiat. Oncol. 2020, 10, 8-20.
[CrossRef]

Lansbury, L.; Bath-Hextall, F.; Perkins, W.; Stanton, W.; Leonardi-Bee, J. Interventions for non-metastatic squamous cell carcinoma
of the skin: Systematic review and pooled analysis of observational studies. BM] 2013, 347, £6153. [CrossRef]

Najim, M.; Cross, S.; Gebski, V.; Palme, C.E.; Morgan, G.J.; Veness, M.]. Early-stage squamous cell carcinoma of the lip:
The Australian experience and the benefits of radiotherapy in improving outcome in high-risk patients after resection. Head Neck
2013, 35, 1426-1430. [CrossRef] [PubMed]

Raza, S.M.; Ramakrishna, R.; Weber, R.S.; Kupferman, M.E.; Gidley, PW.; Hanna, E.Y.; DeMonte, F. Nonmelanoma cutaneous
cancers involving the skull base: Outcomes of aggressive multimodal management. . Neurosurg. 2015, 123, 781-788. [CrossRef]
[PubMed]

Canueto, J.; Jaka, A.; Corchete, L.A.; Gonzalez-Perez, A.M.; Garcia-Castro, R.; Fuente, M.].; Membrive, I.; March, A.; Manes, A.;
Posada, R.; et al. Postoperative radiotherapy provides better local control and long-term outcome in selective cases of cutaneous
squamous cell carcinoma with perineural invasion. J. Eur. Acad. Dermatol. Venereol. 2020, 34, 1080-1091. [CrossRef]

Zhang, J.; Wang, Y.; Wijaya, W.A,; Liang, Z.; Chen, ]. Efficacy and prognostic factors of adjuvant radiotherapy for cutaneous
squamous cell carcinoma: A systematic review and meta-analysis. . Eur. Acad. Dermatol. Venereol. 2021, 35, 1777-1787. [CrossRef]
[PubMed]

Ruiz, E.S.; Kus, K.J.B.; Smile, T.D.; Murad, E,; Zhou, G.; llori, E.O.; Schoenfeld, ].D.; Margalit, D.N.; Tishler, R.B.; Vidimos, A.T.;
et al. Adjuvant radiation following clear margin resection of high T-stage cutaneous squamous cell carcinoma halves the risk of
local and locoregional recurrence: A dual-center retrospective study. J. Am. Acad. Dermatol. 2022, 87, 87-94. [CrossRef]

Muto, P; Pastore, F. Radiotherapy in the Adjuvant and Advanced Setting of CSCC. Dermatol. Pract. Concept. 2021, 11, e2021168S.
[CrossRef]

Giaj-Levra, N.; Sciascia, S.; Fiorentino, A.; Fersino, S.; Mazzola, R.; Ricchetti, F; Roccatello, D.; Alongi, F. Radiotherapy in patients
with connective tissue diseases. Lancet Oncol. 2016, 17, e109-e117. [CrossRef]

McMullen, C.P.; Ow, T.J. The Role of Systemic Therapy in Advanced Cutaneous Squamous Cell Carcinoma. Otolaryngol. Clin. N.
Am. 2021, 54, 343-355. [CrossRef]

Aboul-Fettouh, N.; Morse, D.; Patel, J.; Migden, M.R. Inmunotherapy and Systemic Treatment of Cutaneous Squamous Cell
Carcinoma. Dermatol. Pract. Concept. 2021, 11 (Suppl. 2), €2021169S. [CrossRef] [PubMed]

Stanganelli, I.; Spagnolo, E; Argenziano, G.; Ascierto, P.A.; Bassetto, E,; Bossi, P; Donato, V.; Massi, D.; Massone, C.; Patuzzo, R.; et al.
The Multidisciplinary Management of Cutaneous Squamous Cell Carcinoma: A Comprehensive Review and Clinical Recommen-
dations by a Panel of Experts. Cancers 2022, 14, 377. [CrossRef]

Canueto, J.; Cardenoso, E.; Garcia, J.L.; Santos-Briz, A.; Castellanos-Martin, A.; Fernandez-Lopez, E.; Blanco Gomez, A.; Perez-
Losada, J.; Roman-Curto, C. Epidermal growth factor receptor expression is associated with poor outcome in cutaneous squamous
cell carcinoma. Br. . Dermatol. 2017, 176, 1279-1287. [CrossRef]

Foote, M.C.; McGrath, M.; Guminski, A.; Hughes, B.G.M.; Meakin, J.; Thomson, D.; Zarate, D.; Simpson, F.; Porceddu, S.V. Phase
II study of single-agent panitumumab in patients with incurable cutaneous squamous cell carcinoma. Ann. Oncol. 2014, 25,
2047-2052. [CrossRef]

Cavalieri, S.; Perrone, F; Miceli, R.; Ascierto, P.A.; Locati, L.D.; Bergamini, C.; Granata, R.; Alfieri, S.; Resteghini, C,;
Galbiati, D.; et al. Efficacy and safety of single-agent pan-human epidermal growth factor receptor (HER) inhibitor dacomitinib
in locally advanced unresectable or metastatic skin squamous cell cancer. Eur. J. Cancer 2018, 97, 7-15. [CrossRef] [PubMed]
Morgillo, F.; Della Corte, C.M.; Fasano, M.; Ciardiello, F. Mechanisms of resistance to EGFR-targeted drugs: Lung cancer. ESMO
Open 2016, 1, e000060. [CrossRef] [PubMed]

Chamcheu, ]J.C.; Roy, T,; Uddin, M.B.; Banang-Mbeumi, S.; Chamcheu, R.N.; Walker, A.L.; Liu, Y.Y.; Huang, S. Role and
Therapeutic Targeting of the PI3K/Akt/mTOR Signaling Pathway in Skin Cancer: A Review of Current Status and Future Trends
on Natural and Synthetic Agents Therapy. Cells 2019, 8, 803. [CrossRef] [PubMed]

Zou, Y.; Ge, M.; Wang, X. Targeting PI3K-AKT-mTOR by LY3023414 inhibits human skin squamous cell carcinoma cell growth
in vitro and in vivo. Biochem. Biophys. Res. Commun. 2017, 490, 385-392. [CrossRef] [PubMed]


http://doi.org/10.1016/j.gendis.2014.08.005
http://www.ncbi.nlm.nih.gov/pubmed/25642450
http://doi.org/10.1158/1078-0432.CCR-14-1768
http://doi.org/10.1001/jamadermatol.2020.0039
http://www.ncbi.nlm.nih.gov/pubmed/32374349
http://doi.org/10.1016/j.jaad.2019.06.1303
http://www.ncbi.nlm.nih.gov/pubmed/31279037
http://doi.org/10.1111/bjd.17188
http://www.ncbi.nlm.nih.gov/pubmed/30199574
http://doi.org/10.1016/j.prro.2019.10.014
http://doi.org/10.1136/bmj.f6153
http://doi.org/10.1002/hed.23148
http://www.ncbi.nlm.nih.gov/pubmed/22965889
http://doi.org/10.3171/2014.10.JNS141037
http://www.ncbi.nlm.nih.gov/pubmed/25909577
http://doi.org/10.1111/jdv.16001
http://doi.org/10.1111/jdv.17330
http://www.ncbi.nlm.nih.gov/pubmed/33930213
http://doi.org/10.1016/j.jaad.2022.03.044
http://doi.org/10.5826/dpc.11S2a168S
http://doi.org/10.1016/S1470-2045(15)00417-9
http://doi.org/10.1016/j.otc.2020.11.007
http://doi.org/10.5826/dpc.11S2a169S
http://www.ncbi.nlm.nih.gov/pubmed/34877077
http://doi.org/10.3390/cancers14020377
http://doi.org/10.1111/bjd.14936
http://doi.org/10.1093/annonc/mdu368
http://doi.org/10.1016/j.ejca.2018.04.004
http://www.ncbi.nlm.nih.gov/pubmed/29734047
http://doi.org/10.1136/esmoopen-2016-000060
http://www.ncbi.nlm.nih.gov/pubmed/27843613
http://doi.org/10.3390/cells8080803
http://www.ncbi.nlm.nih.gov/pubmed/31370278
http://doi.org/10.1016/j.bbrc.2017.06.052
http://www.ncbi.nlm.nih.gov/pubmed/28623128

Cancers 2022, 14, 5325 14 of 16

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Ding, L.T.; Zhao, P; Yang, M.L.; Lv, G.Z.; Zhao, T.L. GDC-0084 inhibits cutaneous squamous cell carcinoma cell growth. Biochem.
Biophys. Res. Commun. 2018, 503, 1941-1948. [CrossRef] [PubMed]

Burns, C.; Kubicki, S.; Nguyen, Q.B.; Aboul-Fettouh, N.; Wilmas, K.M.; Chen, O.M.; Doan, H.Q; Silapunt, S.; Migden, M.R.
Advances in Cutaneous Squamous Cell Carcinoma Management. Cancers 2022, 14, 3653. [CrossRef]

Wilmas, K.M.; Nguyen, Q.B.; Patel, J.; Silapunt, S.; Migden, M.R. Treatment of advanced cutaneous squamous cell carcinoma:
A Mohs surgery and dermatologic oncology perspective. Future Oncol. 2021, 17, 4971-4982. [CrossRef]

Buttner, R.; Longshore, ].W.; Lopez-Rios, F; Merkelbach-Bruse, S.; Normanno, N.; Rouleau, E.; Penault-Llorca, F. Implementing
TMB measurement in clinical practice: Considerations on assay requirements. ESMO Open 2019, 4, e000442. [CrossRef]
Labani-Motlagh, A.; Ashja-Mahdavi, M.; Loskog, A. The Tumor Microenvironment: A Milieu Hindering and Obstructing
Antitumor Immune Responses. Front. Immunol. 2020, 11, 940. [CrossRef]

Economopoulou, P.; Perisanidis, C.; Giotakis, E.I.; Psyrri, A. The emerging role of immunotherapy in head and neck squamous
cell carcinoma (HNSCC): Anti-tumor immunity and clinical applications. Ann. Transl. Med. 2016, 4, 173. [CrossRef]

Bottomley, M.].; Thomson, J.; Harwood, C.; Leigh, I. The Role of the Immune System in Cutaneous Squamous Cell Carcinoma.
Int. ]. Mol. Sci. 2019, 20, 2009. [CrossRef]

Mittal, A.; Colegio, O.R. Skin Cancers in Organ Transplant Recipients. Am. J. Transplant. 2017, 17, 2509-2530. [CrossRef]
Silverberg, M.].; Leyden, W.; Warton, E.M.; Quesenberry, C.P,, Jr.; Engels, E.A.; Asgari, M.M. HIV infection status, immunodefi-
ciency, and the incidence of non-melanoma skin cancer. J. Natl. Cancer Inst. 2013, 105, 350-360. [CrossRef]

Asgari, M.M.; Ray, G.T.; Quesenberry, C.P,, Jr.; Katz, K.A.; Silverberg, M.]. Association of Multiple Primary Skin Cancers with
Human Immunodeficiency Virus Infection, CD4 Count, and Viral Load. JAMA Dermatol. 2017, 153, 892-896. [CrossRef]

Velez, N.F; Karia, P.S.; Vartanov, A.R.; Davids, M.S.; Brown, J.R.; Schmults, C.D. Association of advanced leukemic stage and
skin cancer tumor stage with poor skin cancer outcomes in patients with chronic lymphocytic leukemia. JAMA Dermatol. 2014,
150, 280-287. [CrossRef]

Brewer, ].D.; Shanafelt, T.D.; Khezri, F; Sosa Seda, I.M.; Zubair, A.S.; Baum, C.L.; Arpey, CJ.; Cerhan, J.R,; Call, T.G,;
Roenigk, RK.; et al. Increased incidence and recurrence rates of nonmelanoma skin cancer in patients with non-Hodgkin
lymphoma: A Rochester Epidemiology Project population-based study in Minnesota. J. Am. Acad. Dermatol. 2015, 72, 302-309.
[CrossRef]

Alexandrov, L.B.; Nik-Zainal, S.; Wedge, D.C.; Aparicio, S.A.; Behjati, S.; Biankin, A.V.; Bignell, G.R.; Bolli, N.; Borg, A,;
Borresen-Dale, A.L.; et al. Signatures of mutational processes in human cancer. Nature 2013, 500, 415-421. [CrossRef]
Corchado-Cobos, R.; Garcia-Sancha, N.; Gonzalez-Sarmiento, R.; Perez-Losada, J.; Canueto, J. Cutaneous Squamous Cell
Carcinoma: From Biology to Therapy. Int. . Mol. Sci. 2020, 21, 2956. [CrossRef]

Garcia-Sancha, N.; Corchado-Cobos, R.; Perez-Losada, ].; Canueto, ]. MicroRNA Dysregulation in Cutaneous Squamous Cell
Carcinoma. Int. . Mol. Sci. 2019, 20, 2181. [CrossRef]

Brierley, J.; Gospodarowicz, M.K.; Wittekind, C. Skin Tumours. In TNM Classification of Malignant Tumours, 8th ed.; John Wiley & Sons,
Inc.: Hoboken, NJ, USA; Chichester: West Sussex, UK, 2017; pp. 131-149.

Soura, E.; Gagari, E.; Stratigos, A. Advanced cutaneous squamous cell carcinoma: How is it defined and what new therapeutic
approaches are available? Curr. Opin. Oncol. 2019, 31, 461-468. [CrossRef]

Villani, A.; Ocampo-Garza, S.S.; Potestio, L.; Fabbrocini, G.; Ocampo-Candiani, J.; Ocampo-Garza, J.; Scalvenzi, M. Cemiplimab
for the treatment of advanced cutaneous squamous cell carcinoma. Expert Opin. Drug Saf. 2022, 21, 21-29. [CrossRef]
Owonikoko, T.K.; Papadopoulos, K.P,; Johnson, M.L.; Gil Martin, M.; Moreno, V.; Salama, A.K.; Calvo, E.; Yee, N.S.; Safran, H,;
Aljumaily, R.; et al. 71IP—Phase I study of cemiplimab, a human monoclonal anti-PD-1, in patients with unresectable locally
advanced or metastatic cutaneous squamous cell carcinoma (CSCC): Longer follow-up efficacy and safety data. Ann. Oncol. 2018,
29, x25. [CrossRef]

Rischin, D.; Migden, M.R.; Lim, A.M.; Schmults, C.D.; Khushalani, N.I.; Hughes, B.G.M.; Schadendorf, D.; Dunn, L.A.; Hernandez-
Aya, L.; Chang, A.L.S,; et al. Phase 2 study of cemiplimab in patients with metastatic cutaneous squamous cell carcinoma: Primary
analysis of fixed-dosing, long-term outcome of weight-based dosing. J. Immunother. Cancer 2020, 8, e€000775. [CrossRef]
Migden, M.R.; Khushalani, N.I.; Chang, A.L.S.; Rischin, D.; Schmults, C.D.; Hernandez-Aya, L.E.; Meier, EE.; Schadendorf, D.;
Guminski, A.D.; Hauschild, A.; et al. Primary analysis of phase 2 results of cemiplimab, a human monoclonal anti-PD-1, in
patients (pts) with locally advanced cutaneous squamous cell carcinoma (1aCSCC). J. Clin. Oncol. 2019, 37, 6015. [CrossRef]
Rischin, D.; Lim, A.M.; Schmults, C.D.; Khushalani, N.I.; Hughes, B.G.; Schadendorf, D.; Dunn, L.A.; Chang, A.L.S.; Hauschild,
A.; Ulrich, C.; et al. Phase II study of 2 dosing regimens of cemiplimab, a human monoclonal anti-PD-1, in metastatic cutaneous
squamous cell carcinoma (mCSCC). Ann. Oncol. 2019, 30, v536—v537. [CrossRef]

Baggi, A.; Quaglino, P; Rubatto, M.; Depenni, R.; Guida, M.; Ascierto, P.A.; Trojaniello, C.; Queirolo, P.; Saponara, M.;
Peris, K.; et al. Real world data of cemiplimab in locally advanced and metastatic cutaneous squamous cell carcinoma. Eur. J.
Cancer 2021, 157, 250-258. [CrossRef]

Maubec, E.; Boubaya, M.; Petrow, P,; Beylot-Barry, M.; Basset-Seguin, N.; Deschamps, L.; Grob, ].J.; Dreno, B.; Scheer-Senyarich, L;
Bloch-Queyrat, C.; et al. Phase II Study of Pembrolizumab as First-Line, Single-Drug Therapy for Patients with Unresectable
Cutaneous Squamous Cell Carcinomas. J. Clin. Oncol. 2020, 38, 3051-3061. [CrossRef]


http://doi.org/10.1016/j.bbrc.2018.07.139
http://www.ncbi.nlm.nih.gov/pubmed/30072096
http://doi.org/10.3390/cancers14153653
http://doi.org/10.2217/fon-2021-0901
http://doi.org/10.1136/esmoopen-2018-000442
http://doi.org/10.3389/fimmu.2020.00940
http://doi.org/10.21037/atm.2016.03.34
http://doi.org/10.3390/ijms20082009
http://doi.org/10.1111/ajt.14382
http://doi.org/10.1093/jnci/djs529
http://doi.org/10.1001/jamadermatol.2017.1716
http://doi.org/10.1001/jamadermatol.2013.6249
http://doi.org/10.1016/j.jaad.2014.10.028
http://doi.org/10.1038/nature12477
http://doi.org/10.3390/ijms21082956
http://doi.org/10.3390/ijms20092181
http://doi.org/10.1097/CCO.0000000000000566
http://doi.org/10.1080/14740338.2022.1993819
http://doi.org/10.1093/annonc/mdy487.002
http://doi.org/10.1136/jitc-2020-000775
http://doi.org/10.1200/JCO.2019.37.15_suppl.6015
http://doi.org/10.1093/annonc/mdz255.007
http://doi.org/10.1016/j.ejca.2021.08.018
http://doi.org/10.1200/JCO.19.03357

Cancers 2022, 14, 5325 15 of 16

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Hughes, B.G.M.; Munoz-Couselo, E.; Mortier, L.; Bratland, A.; Gutzmer, R.; Roshdy, O.; Gonzalez Mendoza, R.; Schachter, J.;
Arance, A.; Grange, F; et al. Pembrolizumab for locally advanced and recurrent/metastatic cutaneous squamous cell carcinoma
(KEYNOTE-629 study): An open-label, nonrandomized, multicenter, phase II trial. Ann. Oncol. 2021, 32, 1276-1285. [CrossRef]
Goodman, A.M,; Kato, S.; Bazhenova, L.; Patel, S.P.; Frampton, G.M.; Miller, V.; Stephens, PJ.; Daniels, G.A.; Kurzrock, R. Tumor
Mutational Burden as an Independent Predictor of Response to Immunotherapy in Diverse Cancers. Mol. Cancer Ther. 2017,
16, 2598-2608. [CrossRef]

Manyam, B.V;; Garsa, A.A.; Chin, RI; Reddy, C.A.; Gastman, B.; Thorstad, W.; Yom, S.S.; Nussenbaum, B.; Wang, S.J.;
Vidimos, A.T.; et al. A multi-institutional comparison of outcomes of immunosuppressed and immunocompetent patients treated
with surgery and radiation therapy for cutaneous squamous cell carcinoma of the head and neck. Cancer 2017, 123, 2054-2060.
[CrossRef]

Tam, S.; Yao, C.; Amit, M.; Gajera, M.; Luo, X,; Treistman, R.; Khanna, A.; Aashiq, M.; Nagarajan, P; Bell, D.; et al. Association
of Immunosuppression With Outcomes of Patients With Cutaneous Squamous Cell Carcinoma of the Head and Neck. JAMA
Otolaryngol. Head Neck Surg. 2020, 146, 128-135. [CrossRef] [PubMed]

Brin, L.; Zubair, A.S.; Brewer, ].D. Optimal management of skin cancer in immunosuppressed patients. Am. J. Clin. Dermatol.
2014, 15, 339-356. [CrossRef] [PubMed]

Funk-Debleds, P.; Ducroux, E.; Guillaud, O.; Ursic-Bedoya, J.; Decullier, E.; Vallin, M.; Euvrard, S.; Pageaux, G.P,; Boillot, O.;
Dumortier, J. Subsequent nonmelanoma skin cancers and impact of immunosuppression in liver transplant recipients. J. Am.
Acad. Dermatol. 2018, 79, 84-91. [CrossRef] [PubMed]

Euvrard, S.; Morelon, E.; Rostaing, L.; Goffin, E.; Brocard, A.; Tromme, I.; Broeders, N.; del Marmol, V.; Chatelet, V,;
Dompmartin, A.; et al. Sirolimus and secondary skin-cancer prevention in kidney transplantation. N. Engl. ]. Med. 2012,
367, 329-339. [CrossRef] [PubMed]

Ferrarotto, R.; Amit, M.; Nagarajan, P.; Rubin, M.L.; Yuan, Y.; Bell, D.; El-Naggar, A.K.; Johnson, ].M.; Morrison, WH.;
Rosenthal, D.L; et al. Pilot Phase II Trial of Neoadjuvant Inmunotherapy in Locoregionally Advanced, Resectable Cutaneous
Squamous Cell Carcinoma of the Head and Neck. Clin. Cancer Res. 2021, 27, 4557-4565. [CrossRef] [PubMed]

Gross, N.D.; Miller, D.M.; Khushalani, N.L; Divi, V;; Ruiz, E.S.; Lipson, E.J.; Meier, E; Su, Y.B.; Swiecicki, PL.; Atlas, J.; et al.
Neoadjuvant Cemiplimab for Stage II to IV Cutaneous Squamous-Cell Carcinoma. N. Engl. J. Med. 2022, 387, 1557-1568.
[CrossRef]

Long, G.V,; Atkinson, V.; Lo, S.; Sandhu, S.; Guminski, A.D.; Brown, M.P; Wilmott, ].S.; Edwards, J.; Gonzalez, M.;
Scolyer, R.A.; et al. Combination nivolumab and ipilimumab or nivolumab alone in melanoma brain metastases: A multicentre
randomised phase 2 study. Lancet Oncol. 2018, 19, 672—-681. [CrossRef]

Larkin, J.; Minor, D.; D’Angelo, S.; Neyns, B.; Smylie, M.; Miller, W.H., Jr.; Gutzmer, R.; Linette, G.; Chmielowski, B.; Lao, C.D.; et al.
Overall Survival in Patients with Advanced Melanoma Who Received Nivolumab Versus Investigator’s Choice Chemotherapy in
CheckMate 037: A Randomized, Controlled, Open-Label Phase III Trial. J. Clin. Oncol. 2018, 36, 383-390. [CrossRef]

Blum, V.; Muller, B.; Hofer, S.; Pardo, E.; Zeidler, K.; Diebold, J.; Strobel, K.; Brand, C.; Aebi, S.; Gautschi, O. Nivolumab for
recurrent cutaneous squamous cell carcinoma: Three cases. Eur. J. Dermatol. 2018, 28, 78-81. [CrossRef]

Chen, A ; Ali, N.; Boasberg, P.; Ho, A.S. Clinical Remission of Cutaneous Squamous Cell Carcinoma of the Auricle with Cetuximab
and Nivolumab. J. Clin. Med. 2018, 7, 10. [CrossRef]

Shalhout, S.Z.; Emerick, K.S.; Kaufman, H.L.; Miller, D.M. Immunotherapy for Non-melanoma Skin Cancer. Curr. Oncol. Rep.
2021, 23, 125. [CrossRef] [PubMed]

Day, F; Kumar, M.; Fenton, L.; Gedye, C. Durable Response of Metastatic Squamous Cell Carcinoma of the Skin to Ipilimumab
Immunotherapy. J. Immunother. 2017, 40, 36-38. [CrossRef] [PubMed]

Sharabi, A.B.; Lim, M.; DeWeese, T.L.; Drake, C.G. Radiation and checkpoint blockade immunotherapy: Radiosensitisation and
potential mechanisms of synergy. Lancet Oncol. 2015, 16, e498-e509. [CrossRef]

Bossi, P; Alberti, A.; Bergamini, C.; Resteghini, C.; Locati, L.D.; Alfieri, S.; Cavalieri, S.; Colombo, E.; Gurizzan, C.; Lorini, L.; et al.
Immunotherapy followed by cetuximab in locally advanced /metastatic (LA /M) cutaneous squamous cell carcinomas (cSCC):
The I-TACKLE trial. J. Clin. Oncol. 2022, 40, 9520. [CrossRef]

Ferris, R.L.; Lenz, H].; Trotta, A.M.; Garcia-Foncillas, ].; Schulten, J.; Audhuy, F.; Merlano, M.; Milano, G. Rationale for combination
of therapeutic antibodies targeting tumor cells and immune checkpoint receptors: Harnessing innate and adaptive immunity
through IgG1 isotype immune effector stimulation. Cancer Treat. Rev. 2018, 63, 48—60. [CrossRef]

Thomas, S.; Kuncheria, L.; Roulstone, V.; Kyula, ].N.; Mansfield, D.; Bommareddy, PK.; Smith, H.; Kaufman, H.L.; Harrington,
KJ.; Coffin, R.S. Development of a new fusion-enhanced oncolytic immunotherapy platform based on herpes simplex virus
type 1. J. Immunother. Cancer 2019, 7, 214. [CrossRef]

Bommareddy, PXK.; Kaufman, H.L. Unleashing the therapeutic potential of oncolytic viruses. J. Clin. Investig. 2018, 128, 1258-1260.
[CrossRef] [PubMed]

De Gruijl, T.D,; Janssen, A.B.; van Beusechem, V.W. Arming oncolytic viruses to leverage antitumor immunity. Expert Opin. Biol. Ther.
2015, 15, 959-971. [CrossRef]

Niu, J.; Milhem, M.; Vanderwalde, A.M.; Chmielowski, B.; Beasley, G.; Samson, A.; Sacco, ].].; Bowles, T.; Jew, T.; He, S.; et al.
Safety and Efficacy of RP1+Nivolumab in Patients with Non-Melanoma Skin Cancer of the Head and Neck: Results from IGNYTE
Phase 1/2 Multi-Cohort Clinical Trial. Int. J. Radiat. Oncol. Biol. Phys. 2022, 112, e8—€9. [CrossRef]


http://doi.org/10.1016/j.annonc.2021.07.008
http://doi.org/10.1158/1535-7163.MCT-17-0386
http://doi.org/10.1002/cncr.30601
http://doi.org/10.1001/jamaoto.2019.3751
http://www.ncbi.nlm.nih.gov/pubmed/31804658
http://doi.org/10.1007/s40257-014-0085-5
http://www.ncbi.nlm.nih.gov/pubmed/25015705
http://doi.org/10.1016/j.jaad.2017.12.063
http://www.ncbi.nlm.nih.gov/pubmed/29307647
http://doi.org/10.1056/NEJMoa1204166
http://www.ncbi.nlm.nih.gov/pubmed/22830463
http://doi.org/10.1158/1078-0432.CCR-21-0585
http://www.ncbi.nlm.nih.gov/pubmed/34187851
http://doi.org/10.1056/NEJMoa2209813
http://doi.org/10.1016/S1470-2045(18)30139-6
http://doi.org/10.1200/JCO.2016.71.8023
http://doi.org/10.1684/ejd.2017.3209
http://doi.org/10.3390/jcm7010010
http://doi.org/10.1007/s11912-021-01120-z
http://www.ncbi.nlm.nih.gov/pubmed/34448958
http://doi.org/10.1097/CJI.0000000000000146
http://www.ncbi.nlm.nih.gov/pubmed/27684455
http://doi.org/10.1016/S1470-2045(15)00007-8
http://doi.org/10.1200/JCO.2022.40.16_suppl.9520
http://doi.org/10.1016/j.ctrv.2017.11.008
http://doi.org/10.1186/s40425-019-0682-1
http://doi.org/10.1172/JCI120303
http://www.ncbi.nlm.nih.gov/pubmed/29504947
http://doi.org/10.1517/14712598.2015.1044433
http://doi.org/10.1016/j.ijrobp.2021.12.025

Cancers 2022, 14, 5325 16 of 16

93. Curiel, C,; Stratton, D.; Cui, H.; Roe, D.; Tiwari, H.; Sundararajan, S. A single arm phase 2 study of talimogene laherparepvec in
patients with low-risk invasive cutaneous squamous cell cancer. interim analysis. . Clin. Oncol. 2022, 40, €21583. [CrossRef]

94. Wang, C.;Li, Y, Jia, L.; Kim, ] K;; Li, J.; Deng, P.; Zhang, W.; Krebsbach, P.H.; Wang, C.Y. CD276 expression enables squamous cell
carcinoma stem cells to evade immune surveillance. Cell Stem Cell 2021, 28, 1597-1613.e7. [CrossRef] [PubMed]

95. Varki, V,; Ioffe, O.B.; Bentzen, S.M.; Heath, J.; Cellini, A ; Feliciano, J.; Zandberg, D.P. PD-L1, B7-H3, and PD-1 expression in
immunocompetent vs. immunosuppressed patients with cutaneous squamous cell carcinoma. Cancer Immunol. Immunother. 2018,
67,805-814. [CrossRef] [PubMed]

96. Aggarwal, C.; Prawira, A.; Antonia, S.; Rahma, O.; Tolcher, A.; Cohen, R.B.; Lou, Y.; Hauke, R.; Vogelzang, N.; Zandberg, D.; et al.
Dual checkpoint targeting of B7-H3 and PD-1 with enoblituzumab and pembrolizumab in advanced solid tumors: Interim results
from a multicenter phase I/1I trial. J. Immunother. Cancer 2022, 10, e€004424. [CrossRef] [PubMed]


http://doi.org/10.1200/JCO.2022.40.16_suppl.e21583
http://doi.org/10.1016/j.stem.2021.04.011
http://www.ncbi.nlm.nih.gov/pubmed/33945793
http://doi.org/10.1007/s00262-018-2138-8
http://www.ncbi.nlm.nih.gov/pubmed/29484464
http://doi.org/10.1136/jitc-2021-004424
http://www.ncbi.nlm.nih.gov/pubmed/35414591

	Introduction 
	Methods 
	HNCSCC Carcinogenesis 
	Role of Surgery in HNCSCC 
	Role of Radiation Therapy in HNCSCC 
	Use of Chemotherapy in HNCSCC 
	Use of Targeted Therapy in HNCSCC 
	Rationale for Immunotherapy in HNCSCC and Historical Perspective 
	Approved Immunotherapy Agents for HNCSCC 
	Cemiplimab 
	Pembrolizumab 

	Predictors of Treatment Response to Immunotherapy in HNCSCC 
	Special Considerations 

	Immunotherapy Future Directions 
	Neoadjuvant Setting 
	Adjuvant Setting 

	New Immunotherapy Drugs and Combinations 
	Nivolumab 
	Ipilimumab 
	Immunotherapy and Radiation Therapy 
	Immunotherapy and EGFR Inhibitors 
	Oncolytic Viruses 
	Other Therapies 

	Summary and Conclusions 
	References

