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Abstract: Skin squamous cell carcinoma (SCC) represents a major public health concern due to its high
incidence and potential for local invasion and metastasis. Compared to local recurrence, metastatic
SCC represents an even greater therapeutic challenge. Once distant metastasis occurs, the disease
becomes incurable, and treatment focuses on palliation and prolonging survival. The immune mi-
croenvironment of SCC is characterized by an infiltration of immune cells, including tumor-infiltrating
lymphocytes. In addition to its direct cytotoxic effects, radiotherapy also induces immunomodulatory
effects within the tumor microenvironment. Radiation can promote the release of tumor-associated
antigens and induce immunogenic cell death, thereby enhancing the recognition of tumor cells by
the immune system. Immunotherapy and radiotherapy have emerged as promising therapeutic
modalities for metastatic SCC. This literature review aims to evaluate the potential synergy between
these treatments and shed light on their combined efficacy. Within the manuscript, we present a
compelling case report of a patient with advanced SCC who exhibited resistance to the combined
regimen of immunotherapy and radiotherapy, leading to disease progression. Despite the increasing
evidence supporting the synergy between these modalities, this case underscores the complex nature
of treatment response and the importance of considering individual patient characteristics.

Keywords: squamous cell carcinoma; skin cancer; radiotherapy; immunotherapy

1. Introduction

Skin squamous cell carcinoma (SCC) is a common malignancy originating from the ker-
atinocytes of the epidermis. It accounts for a significant proportion of non-melanoma skin
cancers and is responsible for substantial morbidity and mortality worldwide. The incidence
of SCC has been increasing over the past few decades, primarily attributed to factors such
as increased sun exposure, aging populations, and immunosuppression. SCC commonly
affects sun-exposed areas of the skin, such as the head, neck, and extremities, but it can
also develop on non-sun-exposed regions [1].
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1.1. Skin Squamous Cell Carcinoma: Epidemiology and Clinical Significance

Skin SCC represents a major public health concern due to its high incidence and
potential for local invasion and metastasis. It is estimated that about one million instances
of SCC are diagnosed each year in the United States [2]. Although surgical excision can
effectively treat the majority of SCC cases, roughly 5–10% of patients will develop locally
progressed or metastatic illness [3].

Risk factors for SCC development include prolonged and cumulative sun exposure,
fair skin, advanced age, male gender, immunosuppression, chronic skin inflammation,
genetic susceptibility, and exposure to certain carcinogens such as arsenic and ionizing
radiation. Individuals with a history of actinic keratosis, a precursor lesion of SCC, are also
at an increased risk [4,5].

The clinical significance of SCC lies in its potential for aggressive behavior. Locally
progressed SCC has the potential to infect neighboring structures, resulting in deformity
and functional impairment. Furthermore, metastasis to the regional lymph nodes or
distant organs can occur, resulting in a poor prognosis. SCC has a higher propensity
for lymphatic spread compared to basal cell carcinoma, another common type of skin
cancer [6]. Moreover, patients with SCC have an increased risk of developing secondary
primary tumors, emphasizing the need for vigilant long-term surveillance [7].

1.2. Challenges in the Management of Advanced or Metastatic SCC

The management of advanced or metastatic SCC presents challenges due to its ag-
gressive nature and limited treatment options. Surgical excision alone may not be curative,
necessitating adjuvant therapies to improve outcomes [8].

Locoregional recurrence is a significant concern, requiring extensive surgery with
potential functional and cosmetic consequences. Lymph node involvement is linked to
poorer survival outcomes and a higher risk of distant metastasis [8].

Metastatic SCC is particularly challenging, with common sites of distant metastasis
including the regional lymph nodes, lungs, bones, liver, and brain. Once metastasis occurs,
treatment focuses on palliation and survival prolongation [4].

Conventional treatments like radiation therapy, chemotherapy, and targeted ther-
apy offer limited efficacy, with durable responses being uncommon [9]. Chemotherapy,
including cisplatin-based regimens, has modest response rates but significant toxicities.
Targeted therapies, like epidermal growth factor receptor (EGFR) inhibitors, have limited
effectiveness in SCC, and resistance often develops over time [9].

Immunoradiotherapy, a promising treatment approach for SCC, combines immunother-
apy and radiotherapy to maximize therapeutic benefits [10–13]. Based on the current
literature, this review briefly discusses the mechanisms of cancer immunotherapy and
RT, as well as the research progress of several immunotherapies combined with RT.
It attempts to explore the challenges of synergistic treatment strategies for the two tu-
mor treatment methods.

2. Role of the Immune System in the Antitumor Activity
2.1. Tumor Immune Microenvironment in SCC

Skin squamous cell carcinoma (SCC), a common non-melanoma skin cancer, origi-
nates from epidermal squamous cells and is greatly impacted by its immunological mi-
croenvironment, which includes complex interactions between tumor cells, immune cells,
and stromal elements. A thorough understanding of these dynamics is essential to devel-
oping immunotherapeutic approaches that work [14]. Central to this microenvironment
are tumor-infiltrating lymphocytes (TILs), including cytotoxic CD8+ T-cells, helper CD4+
T-cells, and regulatory T-cells [15]. High infiltration levels of TILs, particularly CD8+ T-cells,
correlate with improved SCC outcomes, including reduced recurrence risk and enhanced
overall survival, primarily due to their cytotoxic activity and pro-inflammatory cytokine
release [16,17]. Conversely, the presence of Tregs within SCC tumors is linked to adverse
outcomes, with their immunosuppressive role inhibiting effector T-cell function, fostering
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tumor aggressiveness and metastasis, and diminishing survival rates through cytokine
secretion and direct inhibition of effector T-cells [18,19].

Moreover, within the SCC tumor microenvironment, several immunosuppressive
factors impact cancer progression. Programmed cell death-ligand 1 (PD-L1), upregulated
in response to inflammatory cues, engages programmed cell death protein 1 (PD-1) on
activated T-cells, inducing T-cell exhaustion and immune response inhibition. Elevated
PD-L1 expression in SCC is linked to poor prognosis, enabling tumor immune evasion [20].
Additional immunosuppressive factors, including indoleamine 2,3-dioxygenase (IDO)
and prostaglandin E2 (PGE2), contribute to immune evasion and SCC progression. IDO
catalyzes tryptophan conversion into kynurenine, depleting tryptophan and accumulating
immunosuppressive metabolites, while PGE2 hampers immune cell function, promotes
Treg expansion, and enhances immunosuppressive factor expression [21,22]. Moreover,
myeloid-derived suppressor cells (MDSCs) are becoming more prevalent in SCC and are
linked to worse prognoses because they block T-cell activation and promote tumor growth.
When combined, these immunosuppressive elements in the tumor microenvironment
provide a setting that inhibits the growth and progression of SCC [23].

2.2. Immunotherapeutic Approaches in SCC

Immunotherapy has transformed cancer treatment by targeting inhibitory pathways
that suppress T-cell responses. Key targets in SCC include the PD-1/PD-L1 pathway and
the cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) pathway. PD-1, expressed on
activated T-cells, interacts with PD-L1 on tumor or immune cells, leading to T-cell ex-
haustion and inhibition [24]. PD-1/PD-L1 inhibitors restore T-cell function and enhance
antitumor immunity, showing promise in SCC clinical trials with improved response
rates and survival outcomes [25]. CTLA-4, another immune checkpoint, competes with
CD28 to bind to co-stimulatory molecules, suppressing T cell activation [26]. CTLA-4
inhibitors, like ipilimumab, have been effective in various cancers and are under investi-
gation in SCC [27]. Additionally, adoptive cell therapy (ACT) is a promising approach,
featuring CAR-T cells for recognizing tumor antigens and TIL therapy for isolating and
expanding tumor-specific TILs [28,29]. Cytokines like interleukin-2 [IL-2] promote T-cell ac-
tivation, with high-dose IL-2 therapy showing success in metastatic SCC [30]. Furthermore,
immunomodulatory agents like interferons and immune checkpoint agonists stimulate
antitumor immunity and hold potential in SCC immunotherapy [31,32].

2.3. Immunoradiotherapy Mechanisms

In the treatment of SCC, the combination of radiation and immunotherapy shows
promise. Radiotherapy, a standard SCC treatment, can induce immunogenic cell death
(ICD), triggering the release of danger-associated molecular patterns (DAMPs) and tumor
antigen presentation. DAMPs like calreticulin and HMGB1 stimulate dendritic cells to
capture and present tumor antigens to T-cells, enhancing immune cell activation and fos-
tering an antitumor response [33,34]. Furthermore, radiotherapy can evoke the abscopal
effect, a systemic immune response where localized tumor cell death leads to distant tu-
mor regression. Immune cell activation and pro-inflammatory cytokine release mediate
this effect, offering systemic antitumor immunity potential [14,35]. Radiotherapy also
modulates the tumor microenvironment by increasing TIL infiltration, elevating tumor
antigen expression, and reducing immunosuppressive factors, making it conducive for im-
munotherapy [36]. Additionally, radiotherapy upregulates immune checkpoint molecules
like PD-L1, providing a basis for combining radiotherapy with checkpoint inhibitors,
a synergy demonstrated in preclinical models and clinical studies, potentially improving
SCC treatment outcomes [37,38].

3. Preclinical Evidence on Immunoradiotherapy

In preclinical research, several immunotherapy and radiation combination techniques
were investigated in SCC models. For instance, Paulson et al. [39] demonstrated that com-
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bining immune checkpoint inhibitors, such as anti-PD-1 antibodies, with local radiotherapy
resulted in enhanced antitumor immune responses and improved tumor control in a murine
SCC model. Similarly, the authors of another trial [40] showed that the combination of
radiotherapy and adoptive cell therapy using TILs led to synergistic effects, resulting in
enhanced tumor regression and prolonged survival in SCC-bearing mice. These findings
highlight the potential of combining immunotherapy and radiotherapy for the treatment
of SCC.

The timing and sequencing of immunotherapy and radiotherapy have also been
investigated in preclinical studies. The results of a recent trial [41] demonstrated that
administering radiotherapy prior to the adoptive transfer of TILs resulted in improved
tumor control and prolonged survival in SCC models, suggesting a potential benefit of
priming the tumor microenvironment with radiation before immunotherapy. Conversely,
Demaria et al. [35] showed that simultaneous treatment with anti-CTLA-4 antibodies and
radiotherapy resulted in enhanced antitumor immune responses and improved tumor
control in a SCC model. These studies highlight the importance of optimizing treatment
schedules and sequencing to maximize therapeutic efficacy.

Preclinical research has yielded important mechanistic insights into the immunological
responses caused by immunoradiotherapy in SCC models [33]. One key mechanism
underlying the efficacy of this treatment approach is the induction of immunogenic cell
death (ICD) by radiotherapy. ICD is characterized by the release of danger-associated
molecular patterns (DAMPs) from dying tumor cells, which can stimulate the activation
of innate and adaptive immune responses [42]. Several DAMPs, including calreticulin
and high mobility group box 1 (HMGB1), have been shown to play a crucial role in the
immunogenicity of irradiated SCC cells [33].

Furthermore, immunoradiotherapy has been found to modulate the tumor immune
microenvironment in SCC models [33,43]. Radiotherapy has been shown to enhance the
infiltration of tumor-infiltrating lymphocytes (TILs) into the tumor bed [44]. TILs play
a critical role in mediating antitumor immune responses, and their presence has been
associated with improved prognoses in SCC patients [45]. Additionally, radiotherapy
can modulate the expression of immune checkpoint molecules, such as PD-1 and PD-L1,
in the tumor microenvironment [43]. These findings suggest that immunoradiotherapy can
promote a more favorable immune microenvironment by enhancing TIL infiltration and
overcoming immune checkpoint-mediated immunosuppression.

Overall, preclinical studies investigating immunoradiotherapy in SCC models have
provided valuable insights into its efficacy and underlying mechanisms. Combination
strategies, treatment schedules, and mechanistic insights have been elucidated, highlighting
the potential of immunoradiotherapy as an innovative approach for the treatment of skin
squamous cell carcinoma [46,47].

4. Clinical Trials and Outcomes of Immunoradiotherapy in SCC
4.1. Locally Advanced Disease

Neoadjuvant immunoradiotherapy is the administration of immunotherapy and ra-
diotherapy prior to surgical tumor excision. This approach aims to downsize the tumor,
enhance local control, and stimulate systemic antitumor immune responses. Several clinical
trials have investigated neoadjuvant immunoradiotherapy in locally advanced SCC [43].
For instance, a phase II clinical trial by Zhang et al. [48] explored the combination of
neo-adjuvant radiotherapy with immune checkpoint inhibitors in patients with locally
advanced SCC. The study reported a significant reduction in tumor size and an increase in
immune infiltrates, indicating a favorable immunological response. Similar neoadjuvant
approaches using adoptive cell therapy or cytokine-based immunotherapy have also shown
promising results in early-phase clinical trials [43,49].

Adjuvant immunoradiotherapy, on the other hand, involves the administration of
immunotherapy and radiotherapy after surgical resection to eliminate residual disease
and prevent recurrence. Several clinical trials have investigated the efficacy of adjuvant
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immuno-radiotherapy in SCC patients [43]. Recent randomized trials, such as the one from
Burns et al. [50] which resulted in improved disease-free survival and overall survival
in the radiotherapy and immunotherapy groups compared to the sequential treatment
groups, suggest the potential of immunoradiotherapy in improving treatment outcomes.
Adjuvant approaches using TIL therapy or cytokine-based immunotherapy have also
shown promising results in clinical trials [51,52].

Clinical trials evaluating immunoradiotherapy in locally advanced SCC have re-
ported improved clinical outcomes and survival data in locally advanced tumors [53–55].
A previous trial [53] demonstrated that the combination of immune checkpoint inhibitors
and radiotherapy led to a significant increase in overall survival and progression-free
survival in patients with locally advanced SCC. Other clinical trials have also reported
improved clinical responses and survival outcomes in patients receiving immunoradiother-
apy [54–56]. Furthermore, long-term follow-up studies have shown sustained responses
and durable remissions in a subset of patients treated with immunoradiotherapy, indi-
cating the potential for long-term disease control and improved quality of life in SCC
patients [57,58].

4.2. Metastatic Disease

Several case reports and early clinical trials [27,59,60] have described the use of im-
munoradiotherapy in metastatic SCC. A recently published manuscript [59] suggested
that patients with metastatic SCC who received a combination of immune checkpoint in-
hibitors and radiotherapy resulted in significant tumor regression and prolonged survival.
Similarly, early-phase clinical trials have reported objective responses and disease control
in patients with metastatic SCC receiving immunoradiotherapy [27,60]. These reports
highlight the potential of immunoradiotherapy to induce tumor regression and achieve
durable responses in metastatic disease. Despite the promising results [27,59,60], challenges
exist in the successful implementation of immunoradiotherapy in metastatic SCC.

Clinical Scenario

We present a case that highlights that in cases with resistance to immunotherapy and
radiotherapy, further treatment efficacy is negatively influenced and disease progression is
extremely likely to occur.

A 40-year-old woman with no significant past medical history presented in another
healthcare facility in June 2022 with a vegetative superficial sacrococcygeal soft tissue
tumor (Figure 1A). The tumor was spontaneously bleeding and had a diameter of 10 cm.
From the patient’s anamnesis, the tumor was clinically visible starting 6 months prior to
admission, revealing a significant increase in size in the last month.

In July 2022, a whole-body computer tomography (CT) scan was performed in obser-
vation for lung metastasis, revealing a locally invasive tumor in the perirectal tissue and
also multiple micronodules located bilaterally in the pulmonary bases (Figure 2A).

Upfront surgery was performed with a partial excision of the tumoral mass up to the
sacrum, with macroscopic tumoral margin invasion, but with no possibility of suture due
to the large size of the wound.

The results of the anatomopathological, immunohistochemistry, and genetic exami-
nations established the diagnosis of moderately differentiated squamous cell carcinoma,
ulcerated, invasive in the hypodermis, with lymphovascular invasion, but no perineural
invasion, CKHMW positive, S100 positive, Ki67 approximately 30%, and RAS mutation in
exon 2-KRAS (p.G12V) present. The tumor was staged pT3 pNx.
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One month following surgery, tumor progression was diagnosed (Figure 1B), therefore
the patient was subsequently referred to as “Prof. Dr. Alexandru Trestioreanu” Oncology
Institute from Bucharest. Considering the decision of the multidisciplinary oncological
committee, it was decided to initiate external beam radiotherapy (EBRT) and immunother-
apy. The patient underwent EBRT, using a 6MV single-field 3D conformal technique,
up to a total dose of 55 Gy. Radiotherapy was administered with a hypofractionated reg-
imen of 2.75 Gy/fraction, from Monday to Friday. This was performed with a Clinac
iX Varian linear Accelerator. Radiotherapy was well tolerated with minimal side effects.
Concurrently, the patient underwent Libtayo-Cemiplimab, produced by Sanofi Romania,
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350 mg every 21 days [q3w], from September 2022 to January 2023, with good clinical and
hematological tolerance.

Six weeks following the end of radiotherapy, at the clinical exam, a complete lo-
cal response was observed (Figure 1C). However, a whole-body CT scan from February
2023 revealed progressive disease in the lungs, therefore immunotherapy was discontin-
ued and replaced with platinum salt (Carboplatin AUC 5, produced by TEVA, 450 mg)
and taxanes (Paclitaxel-Sindaxel, produced by TEVA, 230 mg) chemotherapy. Six weeks
following the end of radiotherapy, at the clinical exam, a complete local response was
observed (Figure 1C). However, a whole-body CT scan revealed progressive disease in the
lungs, therefore immunotherapy was discontinued and replaced with platinum salt and
taxane chemotherapy.

Following four cycles of chemotherapy, clinical and imaging exams revealed pro-
gressive disease. At the whole-body CT scan, bone and ocular metastasis (Figure 3) were
identified, supplementary to the progression of the disease both locally (Figure 1D) and at
the lung level (Figure 2B). Considering this, the multidisciplinary board’s decision was to
further refer the patient to the palliative care department.
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5. Discussion

The management of cutaneous SCC presents significant hurdles when the condition
shows resistance to both immunotherapy and radiation therapy, as this case presentation
illustrates [61,62]. We report the case of a 40-year-old female patient with a sacrococcygeal
area cSCC that was aggressive and resistant to treatment. The patient had no notable medi-
cal history. The tumor, characterized by its vegetative nature and spontaneous bleeding,
had a rapid progression and treatment resistance, deviating significantly from the typical
clinical course of cSCC [61].

This instance emphasizes the reality that resistance to radiation and immunotherapy
can result in significant disease progression when compared to data from the present litera-
ture [57,58]. Initial management involved surgical excision of the tumor, but its extensive
size and margin invasion posed significant difficulties. Subsequent immunohistochemistry
and genetic examinations confirmed a moderately differentiated squamous cell carcinoma
with characteristics indicative of aggressiveness [61]. These findings align with the no-
tion that specific genetic mutations, such as the RAS mutation identified here, can confer
resistance to standard treatments [61,62].

Following surgical intervention, local recurrence emerged within a month. As per
available international recommendations [62], the treatment was continued considering
the multidisciplinary oncological team’s decision, with external beam radiotherapy (EBRT)
and immunotherapy, specifically Cemiplimab. Cemiplimab is a very effective human IgG4
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monoclonal antibody (mAb) that targets the PD-1 receptor and is hinge-stabilized. It is
approved for use in patients with metastatic or locally advanced cutaneous squamous cell
carcinoma (SCC) who are not candidates for radiation therapy or surgery [63]. While EBRT
resulted in a complete local response in our patient, the subsequent development of lung
metastases highlighted the unpredictable and relentless nature of advanced SCC.

The complexity of the case deepened as immunotherapy was replaced with platinum-
based chemotherapy due to lung metastasis progression. Despite this shift, disease pro-
gression continued, affecting not only the lungs but also the bones and eyes, which are
uncommon sites of tumor spread for cutaneous SCC [64].

In light of this case, it becomes evident that while immunoradiotherapy holds great
potential for SCC treatment, its efficacy can vary significantly among patients [61,62]. Fac-
tors such as genetic mutations, tumor microenvironment, and individual patient responses
can influence treatment outcomes [65]. Also, it should be noted that there is no direct
evidence of PDL1 positivity at the level of the sacrococcygeal tumor formation, this being
tested from the sample obtained following bronchoscopy and broncho-pulmonary lavage.
Given these elements, it is possible that the treatment carried out was not individualized
for the particularities and needs of the patient. This case exemplifies the pressing need for
continued research into novel therapies and precision medicine approaches to address the
complexities of advanced SCC effectively. Moreover, it highlights the importance of early
detection and intervention. Altogether, treatments with different monoclonal antibodies
(Mabs) have shown excellent efficacy along with acceptable safety in the SCC of different
organs. Therefore, Mabs are considered excellent options for treating SCC, especially for the
advanced stages of the disease. Overall, two highly potent types of Mabs in SCC therapy are
anti-EGFR Mabs and checkpoint inhibitors, especially cetuximab, nimotuzumab, and PD-1
inhibitors [66]. Precisely because there are several options, it is extremely important to
thoroughly test the tumors at the beginning of the treatment, to make sure that the line
proposed to the patient is the most suitable for his particularities.

As the study was intended as a literature review, the following limitations should
be considered when interpreting the case report: lack of data regarding HPV testing
(e.g., p16 and p40 immunostains and in situ hybridization of HPV-HR) and supplementary
data regarding PD-L1 immunotesting (e.g., primary antibodies and automated immunos-
tainer). These limitations notwithstanding, this study contributes valuable insights into the
challenges faced in the management of advanced SCC and highlights the need for further re-
search to address these limitations and expand our understanding of this complex disease.

6. Future Directions
6.1. Biomarkers for Patient Selection and Treatment Response Prediction

One of the key challenges in the field of immunoradiotherapy for SCC is patient
selection and prediction of treatment response. Biomarkers were found to play a crucial role
in identifying patients who are likely to benefit from immunoradiotherapy and monitoring
treatment response [67].

Efforts are underway to identify reliable biomarkers that can guide patient selection
and treatment decisions [68–70]. These biomarkers may include immune cell profiles, tumor
mutational burden, expression of immune checkpoint molecules, and immune-related gene
signatures [68,69]. Ongoing research aims to validate these biomarkers and establish their
clinical utility in predicting treatment response and prognosis [70].

6.2. Combination Approaches: Immunoradiotherapy with Targeted Therapies

Combination approaches hold great promise in maximizing treatment efficacy and
overcoming resistance in SCC. Immunoradiotherapy can be combined with targeted thera-
pies that specifically inhibit key signaling pathways implicated in SCC pathogenesis [71,72].

For example, the combination of immune checkpoint inhibitors with targeted ther-
apies against oncogenic driver mutations, such as EGFR inhibitors or BRAF inhibitors,
may enhance antitumor immune responses and improve treatment outcomes [71,73]. Pre-
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clinical and early-phase clinical trials investigating these combination strategies are un-
derway, and their results will shed light on their potential clinical relevance in SCC treat-
ment [73,74].

Additionally, the identification of predictive biomarkers can help guide the selection
of targeted therapies in combination with immunoradiotherapy, ensuring personalized
treatment approaches tailored to individual patients [67].

6.3. Emerging Technologies and Innovative Approaches

Advancements in technology and innovative treatment approaches are expanding the
landscape of immunoradiotherapy in SCC. Several exciting developments hold promise
for improving treatment outcomes and patient care [75,76].

Novel immunotherapeutic agents, such as bispecific antibodies, chimeric antigen
receptor T-cell therapy, and immune agonists, are being investigated for their potential to
enhance antitumor immune responses in SCC. These agents aim to target specific anti-gens
expressed on SCC cells and stimulate immune cell activation and tumor cell killing [77,78].

Furthermore, the field of radiomics, which involves the extraction of quantitative
imaging features from medical images, offers the potential for the non-invasive assessment
of treatment response and the prediction of outcomes in SCC patients receiving immunora-
diotherapy [79]. Radiomics-based approaches, coupled with machine learning algorithms,
may help optimize treatment strategies and improve patient outcomes [80].

7. Conclusions

Immunoradiotherapy has emerged as a promising treatment approach for SCC, of-
fering the potential for enhanced treatment responses and improved survival outcomes.
The combination of immunotherapy and radiotherapy harnesses the power of the immune
system to target tumor cells and elicit robust antitumor immune responses.

Current clinical evidence supports the efficacy of immunoradiotherapy in locally
advanced SCC, with neoadjuvant and adjuvant approaches showing improved clinical
outcomes and survival data. In metastatic SCC, early clinical trials and case reports have
demonstrated encouraging results, although challenges and resistance mechanisms need to
be addressed.

In light of the case report presented in this manuscript, it is essential to acknowledge
the existence of treatment resistance and the challenges encountered in achieving successful
outcomes with immunoradiotherapy in SCC. Despite the overall promising results observed
in clinical trials and studies, this case serves as a reminder that not all patients may respond
favorably to the combination treatment.

In order to optimize the therapeutic potential of immunoradiotherapy in SCC, fu-
ture research endeavors should concentrate on unraveling the variables contributing to
treatment resistance and investigating alternate techniques to overcome resistance mech-
anisms. By addressing these challenges, we can strive to improve patient outcomes and
tailor treatment approaches to individualized needs in the pursuit of effective management
of SCC.

Future directions in the field of immunoradiotherapy for SCC focus on the develop-
ment of biomarkers for patient selection and treatment response prediction, as well as the
exploration of combination approaches with targeted therapies. They should also focus
on elucidating the factors contributing to treatment resistance and exploring alternative
strategies to overcome resistance mechanisms, ultimately optimizing the therapeutic po-
tential of immunoradiotherapy in SCC. Emerging technologies, such as radiomics and
innovative immunotherapeutic agents, hold promise for optimizing treatment strategies
and improving patient outcomes.
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