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Simple Summary: Squamous cell cancer of the skin is becoming increasingly common. With this 
higher burden of disease, it is important to explore factors that contribute to the development of 
cancer. Fibroblast Growth Factor Receptor 2 (FGFR2) is found in healthy skin and skin cancer. 
Exposure to ultraviolet (UV) radiation from the sun leads to FGFR2 activation and overactivity of 
this receptor has been shown to contribute to cancer development. FGFR2 signaling has also been 
observed to help some cancers resist traditional chemotherapy agents and interferes with the 
immune system’s ability to fight cancer. Various medications are being developed to target FGFR2 
and reduce its activity in cancer cells. Future research will involve combining FGFR2 medications 
with other cancer therapies to potentially create a stronger cancer treatment regimen. 

Abstract: Cutaneous Squamous Cell Carcinoma (cSCC) is an increasingly common malignancy of 
the skin and the leading cause of death from skin cancer in adults over the age of 85. Fibroblast 
Growth Factor Receptor 2 (FGFR2) has been identified as an important effector of signaling 
pathways that lead to the growth and development of cSCC. In recent years, there have been 
numerous studies evaluating the role FGFR2 plays in multiple cancers, its contribution to resistance 
to anti-cancer therapy, and new drugs that may be used to inhibit FGFR2. This review will provide 
an overview of our current understanding of FGFR2 and potential mechanisms in which we can 
target FGFR2 in cSCC. The goals of this review are the following: 1) to highlight our current 
knowledge on the role of FGFR2 in healthy skin and contrast this with its role in the development 
of cancer; 2) to further explain the specific molecular mechanisms that FGFR2 uses to promote 
tumorigenesis; 3) to describe how FGFR2 contributes to more invasive disease, 4) to describe its 
immunosuppressive effects in skin, and 5) to evaluate its effect on current anticancer therapy and 
discuss therapies on the horizon to target FGFR2 related malignancy. 

Keywords: cutaneous squamous cell carcinoma; fibroblast growth factor receptor 2; treatment 
resistance; epithelial mesenchymal transition; metastasis; immunosuppression 

 

1. Introduction 

Cutaneous squamous cell carcinoma (cSCC) is the second most common skin cancer, 
representing around 20% of all skin cancer diagnoses [1]. In the United States, it accounts for over 1 
million diagnoses and over 9,000 deaths annually and is the leading cause of death from skin cancer 
in adults over the age of 85[2–4]. The burden of disease of cSCC is growing, with an observed 300% 
increase in incidence over the last 30 years [4]. There are numerous risk factors for developing cSCC, 
the most significant being ultraviolet (UV) radiation exposure, increasing age, fair skin, and 
immunosuppression [2]. Currently, the National Comprehensive Cancer Network (NCCN) 
recommends peripheral and deep en face margin assessment (PDEMA) as the preferred surgical 
technique for high-risk local cSCC [2]. PDEMA is attained through either the Mohs or Tubingen 
technique[5]. Local medical therapy for pre-cancerous lesions include cryotherapy, 5-FU, calcipotriol, 
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topical imiquimod, topical tirbanibulin, and photodynamic therapy[5]. Patients with local disease 
tend to have more positive outcomes, with the 5-year survival rate exceeding 90% [3,5] 

Recent research in cancer biology has highlighted the role that the fibroblast growth factor 
receptor (FGFR) family plays in tumorigenesis. FGFR are tyrosine kinase receptors with three 
extracellular immunoglobulin domains, one transmembrane domain, and one intracellular domain 
that has tyrosine kinase activity [6]. The FGFR family consists of 4 members, FGFR1-4 with unique 
tissue expression and function[7]. FGFR signaling pathways are responsible for cellular proliferation, 
survival, angiogenesis, differentiation, and more. FGFRs role in cancer development is notable, with 
a recent study observing FGFR mutations in 7.1% of tumor cells across all cancer types [6]. The most 
common aberration of FGFR in cancer is amplification, with FGFR1 as the most altered subtype and 
FGFR2 as the second most altered subtype [8].  

In this review, we will examine the current body of literature regarding FGFR2 and its role in 
the development and course of cSCC. The topics discussed will focus on the role of FGFR2 in 
tumorigenesis and immune cell function, and the currently developing therapies to target FGFR2. 
The goal of this review is to inform clinicians and scientists of an important genetic marker in an 
increasingly common cutaneous malignancy. 

2. FGFR2 Expression in Skin and cSCC 

Fibroblast growth factor receptors (FGFRs) are a family of transmembrane receptor tyrosine 
kinases belonging to the immunoglobulin superfamily [7]. In humans, four genes encode these 
closely related receptors. Ligand binding to FGFRs induces receptor dimerization and subsequent 
transphosphorylation of tyrosine residues within the intracellular domain, including the kinase 
domain and C-terminus. This activation triggers diverse cellular responses such as proliferation, 
differentiation, and motility. Further, alternative splicing of FGFR transcripts generates IIIb and IIIc 
isoforms, further diversifying signaling outcomes. Additionally, ligand redundancy adds complexity 
to the FGFR signaling network [9]. Recently, Thakur et al. demonstrated basal expression of FGFR1, 
2, and 3 proteins in the mouse epidermis [10]. However, no appreciable expression of FGFR4 protein 
was detected in mouse epidermis. FGFR2 is involved in skin development during embryogenesis 
and postnatal growth by regulating the proliferation and differentiation of various cell types within 
the skin, ensuring proper formation and maintenance of the skin’s structure. FGFR2, particularly the 
epithelial isoform FGFR2b, promotes the differentiation of keratinocytes, the predominant cell type 
in the epidermis essential for forming the skin’s protective barrier [11]. Further, FGFR2 promoted re-
epithelialization process during wound healing. Recently, study published by Thakur et al. 
demonstrated basal expression of FGFR1, 2, and 3 proteins in the mouse epidermis [10]. However, 
no appreciable expression of FGFR4 protein was detected in mouse epidermis.  

Aberrations in FGFR2 have been found to play an important role in the development of cSCC. 
It has been reported that FGFR2 has both oncogenic and tumor suppressive activity. Tumor 
suppressive activity was postulated from a study that observed increased inflammation and 
papilloma formation in mice with FGFR2 knocked out exposed to a two-stage chemical 
carcinogenesis protocol [12]. However, more recent studies have presented strong evidence to 
suggest that FGFR2 signaling is pro-tumorigenic, noting that its activation/upregulation leads to 
tumor cell proliferation and survival through various downstream pathways [13,14]. Using a 
keratinocyte specific, tamoxifen inducible mouse model of FGFR2 deficiency, FGFR2 was determined 
to play a causative role in UVB-induced epidermal hyperproliferation, hyperplasia, and 
inflammation and development of cSCC [15]. In case of human cSCC, increased expression of FGFR2 
has been found in both local and metastatic cSCC, without a significant difference in the rate of 
expression between groups [14]. Strong expression of FGFR2 is observed in cSCC compared to actinic 
keratosis (AK), suggesting a relationship between FGFR2 presence and disease severity [14]. FGFR2’s 
responsiveness to UV-B radiation closely links it to a well-known risk factor for developing cSCC. 
Mouse models have demonstrated that exposure to UV-B radiation leads to the phosphorylation and 
activation of FGFR2 due to upregulation of specific FGFs, activating multiple downstream signaling 
pathways such as phosphatidylinositol 3-kinase/protein kinase B (PI3K/AKT), mitogen-activated 
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protein kinase (MAPK), and signal transducer and activator of transcription 3 (STAT3) that promote 
tumorigenesis [14].  

3. Genetic Diversity and Genomic Alterations of FGFR2 Connected with cSCC 

Various mutations of FGFR2 have been documented across a wide variety of tumor types. In 
cSCC, the most common aberration in FGFR2 has been observed to be a missense mutation [16]. Cell-
based assays demonstrate that this mutation confers oncogenic properties to the Fgfr2 protein 
through a gain-of-function mechanism. In the presence of ligand, mutant Fgfr2 exhibits increased 
kinase activity and drives enhanced cell proliferation, ultimately leading to cellular transformation 
[14,16]. Two common FGFR2 mutations affect the genes S252W and P253R, which regulate the 
extracellular portion of the transmembrane receptor [17]. They are thought to increase the ligand 
binding affinity differentially, increasing the signaling activity of FGFR2 [17]. Another common 
mutation affects the N549 residue, which inhibits kinase activity [17]. Mutations to this residue result 
in the loss of the inhibitory activity, increasing signaling [17]. Other mutations in FGFR2 that lead to 
cell transformation include those at residues C382R and K659E [17].  

Fusion of FGFR2 genes has also been frequently observed. The most common fusion partner is 
TACC3, followed by NPM1, TACC2, and BICC1[17]. These fusions are frequently caused by 
chromosomal translocations, which lead to the overexpression of FGFR2 [17]. Overexpression of 
FGFR2 increases the activity of many downstream signaling pathways, including PI3k/AKT via 
mTOR, MAPK, STAT3, and phospholipase C (PLC) [13]. These pathways have been shown to 
contribute to cSCC development through the promotion of inflammation, hyperplasia, and 
hyperproliferation in the epidermis [13].  

4. FGF-FGFR2 Interactions in the Development and Progression of cSCC 

4.1. FGF-FGFR2 Interactions in the Development and Progression of cSCC 

Figure 1: FGFR2 activation leads to downstream signaling via the MAPK (RAS), PI3K/AKT, 
JAK/STAT, and PLC pathways to promote cell survival, proliferation and migration. When activated, 
these pathways can lead to changes in gene expression and the associated cellular changes that 
promote tumor development and progression. 

 
Figure 1. Intracellular signaling pathways of FGFR2 and their contribution to tumorigenesis. 

Fibroblast growth factors (FGF) bind FGFR within a heparin sulfate complex, which protects it 
from degradation and stabilizes the interaction [18]. Binding of FGF ligands to FGFR2 results in the 
dimerization of the receptor, leading to transphosphorylation of the intracellular tyrosine kinase 
domains [7]. This transphosphorylation activates the four downstream signaling pathways, MAPK, 
PI3K-AKT (mTOR), STAT3, and PLC shown in Figure 1 and their effects on cellular growth [7,19]. 
Both ligand-independent and ligand-dependent signaling contribute to carcinogenesis, with ligand-
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dependent pathways utilizing both autocrine and paracrine signaling mechanisms [7]. This increased 
pattern of endocrine signaling leads to the early development of cancer through STAT3, a 
keratinocyte survival factor, by promoting cellular proliferation and migration [18,20]. The 
downstream signaling via PLC activates protein kinase C (PKC), which further promotes cellular 
proliferation, migration, and dedifferentiation [18]. The PI3K-AKT pathway uses mTOR, which 
contributes to carcinogenesis by inhibiting apoptosis and promoting proliferation[21]. Increased 
mTOR activity has been observed in cSCC and AK compared to normal skin, highlighting an 
important downstream effector of FGFR2[21]. These pathways work in parallel to promote 
carcinogenesis, hyperproliferation, and tumor cell expansion into the extracellular matrix. 

4.2. Role of FGFR2 in Epithelial Mesenchymal Transition (EMT) and Enrichment of Cancer Stem Cells 
(CSCs) 

Epithelial Mesenchymal Transition (EMT) is the process by which epithelial cells acquire the 
properties of mesenchymal cells. EMT plays a central role in the metastasis of many carcinomas [22]. 
The process of EMT enables epithelial cells to acquire fibroblast like properties, exhibit reduced cell-
cell adhesion, and increase cellular motility [23,24]. This facilitates the escape of tumor cells from the 
primary tumor site. EMT relies on an intricate signaling network that controls the expression of 
transcription factors like Snail, Slug, and Twist. These factors suppress epithelial markers such as E-
cadherin and activate mesenchymal markers like N-cadherin and vimentin. The FGFR2 gene encodes 
for the FGFR2b and FGFR2c isoforms through alternative splicing. The alternative splicing process 
for FGFR2 is regulated by a highly conserved GCAUG element, Fox protein family members, and 
Epithelial Splicing Regulatory Protein (ESRP) 1 and 2[25–27]. Fox-2 protein enables the switching of 
FGFR2c to FGFR2b, which helps retain the epithelial phenotype and transforms mesenchymal cells 
to epithelial cells. Likewise, ESRP 1 and 2 enable splicing of FGFR2 pre-mRNA to the epithelial 
isoform FGFR2b [25]. FGFR2b, also named keratinocyte growth factor receptor KGFR, plays a crucial 
role in maintaining epithelial properties and promoting early differentiation of keratinocytes in the 
skin [28]. The epithelial isoform FGFR2b acts as a tumor suppressor in vitro and in vivo and the 
mesenchymal isoform FGFR2c exerts oncogenic activity in different types of cancer [29,30]. Aberrant 
switching of FGFR2 to the FGFR2c isoform triggers EMT, promoting cell migration [31,32]. 
Expression of FGFR2c impairs the basal layer formation in the skin due to altered actin cytoskeletal 
organization and down-regulation of cell adhesion molecules (CAMs), such as E-cadherin and the 
desmosomal component DSG1 [33]. The FGFR2 isoform switch to FGFR2c leads to PKCε activation, 
which in turn induces a cascade of EMT-related transcription factors, including STAT3, Snail1, and 
FRA1. These factors likely interact and coordinate with each other to trigger and maintain EMT [34]. 
PKCε demonstrates the highest oncogenic activity of the PKC family and has been consistently 
overexpressed in various carcinomas [35,36]. EMT has also been implicated in the development of 
cancer stem cells (CSCs), which possess the ability to initiate new tumors [37]. Notably, a study on 
esophageal squamous cell carcinoma has shown that EMT induction, resulting from FGFR2 
knockdown, leads to an enrichment of CSCs through the activation of the AKT signaling pathway, 
suggesting the importance of FGFR2 in cancer plasticity [38]. 

4.3. FGFR2’s role in Promoting Angiogenesis and Metastatic Spread 

Angiogenesis and metastasis are two intricately linked processes that play a pivotal role in 
cancer progression and dissemination. The angiogenic process forms new blood vessels within the 
tumor mass, supplying nutrients for the growth and progression of malignancy [39]. Angiogenesis 
also connects the primary malignancy to the broader blood supply, which can facilitate extravasation 
of cancer cells into the blood stream and increase the likelihood of distant metastasis. cSCC is typically 
a localized cancer that metastasizes rarely. Prior studies have demonstrated a metastasis rate of 0.1 
to 12.5% in patients with cSCC [23,40–42] . The American Joint Committee on Cancer (AJCC) and 
NCCN have identified risk factors for cSCC metastasis as immunosuppression, depth, diameter, 
location of tumor, and certain genetic mutations [43]. Dysregulation of FGFR2 has been seen to 
promote angiogenesis and metastasis. FGFR2 signaling facilitates the progression of cSCC by 
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activating pro-survival pathways, indirectly enabling cancer cells’ ability to become invasive [44]. 
FGFR2 signaling promotes cancer metastasis mainly by promoting EMT, modifying the extracellular 
matrix, enhancing cell motility and invasion, and facilitating angiogenesis. 

The FGF/FGFR system is identified as one of the putative regulators of angiogenesis, although 
angiogenesis is primarily mediated by the vascular endothelial growth factor (VEGF)/VEGF receptor 
(VEGFR) system [45]. FGF/FGFR signaling stimulates the proliferation and migration of endothelial 
cells via chemotaxis, playing a very important role in angiogenic process [46,47]. FGFR2 signaling 
triggers the angiogenic process by multiple mechanisms. Activation of FGFR2 leads to 
phosphorylation/activation of Akt, STAT3, c-Jun and nuclear factor kappa-light-chain-enhancer of 
activated B cells (NF-κB) [48]. FGFR2-AKT-STAT3 signaling influences the expression of matrix 
metalloproteinases (MMPs), leading to the remodeling of the extracellular matrix, migration of 
endothelial cells, and formation of new capillaries within the tumor vicinity [49]. Activation of 
FGFR2b by FGF7 also initiates the extracellular signal-regulated kinases, ERK1/2 signaling pathway, 
contributing to the proliferation and migration of epithelial cells [50]. FGF7 binding triggers FGFR2 
dimerization and activates several signal transduction pathways which play fundamental roles in 
tumor progression [7]. FGF7/FGFR2 binding has been seen to inhibit the ubiquitination and 
degradation of hypoxia inducible factor (HIF-1α), posing a significant risk of angiogenesis and the 
spread of tumor cells [51]. Similarly, FGF7/FGFR2 interaction has been seen to promote the invasion 
and migration of gastric cancer by upregulating the protein thrombospondin-1 (TSP-1) [52]. 
Thrombospondins are a family of homologous proteins that regulate cellular phenotypes and 
extracellular structure during tissue genesis and remodeling. TSP-1 has been observed to increase the 
migration of invasive breast cancer cells and stimulate invasion and chemotaxis in squamous cell 
carcinoma cells [53,54]. Through a wide variety of effector pathways, FGFR2 has a significant 
influence on the ability of cSCC to utilize the blood supply to metastasize. 

4.4. FGFR2 in the Development of Therapeutic Resistance Against Current Treatments 

The emergence of resistance to currently available therapeutics is one of the significant 
challenges in cancer treatment. Despite the remarkable progress in medical therapies and increasing 
availability of anti-cancer drugs, the incidence of cancer recurrence and relapse are increasing. 
Relapsed tumors are often more aggressive and tend to respond poorly to treatment, increasing the 
morbidity and mortality they pose for patients [55]. The FGF/FGFR signaling complex drives the 
growth and progression of many cancers and contributes to the development of chemoresistance, 
limiting the efficacy of current treatment strategies. The role of FGFs and FGFRs in the development 
of resistance to various anti-cancer drugs has been extensively reviewed, highlighting a new 
understanding of their role in treatment failure [56]. 

FGFR2 signaling has been identified as a key contributor to resistance against many widely used 
anticancer drugs like cetuximab, tamoxifen and cisplatin, suggesting a crucial role in cancer treatment 
failure [57–59]. The two major causes recognized for the development of FGFR2 mediated drug 
resistance are the overexpression of FGFR2 and gene mutations. FGFR2 gene amplification and 
overexpression have been seen to transform cetuximab-sensitive esophageal squamous cell 
carcinoma into a resistant phenotype. However, inhibition of FGFR2 with pan-FGFR inhibitor NVP-
BGJ398 inhibits the growth of tumor xenografts in mice treated with cetuximab. This stalling of tumor 
growth indicates the restoration of cetuximab sensitivity in these cancer cells when FGFR2 is no 
longer active. In breast cancer, the FGF2, FGF7/FGFR2 interaction activates the PI3K/AKT pathway, 
inducing the phosphorylation and proteasomal degradation of the estrogen receptor (ER) [58]. This 
degradation reverses tamoxifen-driven ER stabilization, hindering its efficacy. FGFR2 has also been 
identified as a key regulator of drug-resistant CSCs [58]. A recent study evaluated cisplatin-resistant 
head and neck cancer stem cells (HNCSCs) with substantially higher FGFR2 and ALDHhighCD44high 
expression [59]. Treatment with a pan-FGFR small-molecule inhibitor led to a decrease in 
ALDHhighCD44high cells, indicating a crucial role for FGFR2 in maintenance of drug-resistant CSCs 
[59]. Mutations in the FGFR2 kinase domain have been identified to confer resistance to FGFR 
inhibitor drugs. The N550K/H mutation in FGFR2 resists the pan-FGFR inhibitor PD173074, 
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dovitinib, and ponatinib, suggesting a potential limitation of FGFR-targeted therapy [60]. Similarly, 
the V564M mutation of FGFR2 confers the ability to resist dovitinib and the pan FGFR-inhibitor 
BGJ398 [61]. To understand how the FGF/FGFR2 interaction contributes to chemoresistance, we 
focused on FGFR2-dependent signaling pathways and their downstream targets. FGFR2 transduces 
FGF signals to Ras-extracellular signal-regulated kinase (ERK), PI3K-AKT, Ca2+, and diacylglycerol 
(DAG) signaling cascades [62]. Malfunctions in the FGFR2 guidance of downstream signaling 
cascades have the potential to disrupt several beneficial homeostatic processes, including 
cytoprotective mechanisms against environmental insults such as UV irradiation. The existing 
information on FGFR2-mediated chemoresistance in cSCC is insufficient to provide a comprehensive 
understanding. As a result, future preclinical studies should employ bioinformatics and proteomics 
tools to investigate the complex interactions between FGF and FGFR2, shedding light on their 
contributions to cSCC development and progression. 

5. Deregulated FGFR2 Activity in Immune Cell Function and Adverse Immune Outcomes in 
cSCC 

Recent studies have highlighted the use of solar UV (SUV) radiation to mimic the pathogenies 
of human cSCC in murine models [63,64]. UV radiation has been linked to increased transcription of 
PD-L1, leading to immunosuppression (Figure 2) [65]. A seminal study analyzed the expression of 
immune cells at all stages and locations of cSCC, including in situ and invasive stages of tumor 
draining lymph node (TDLN) and non-TDLN [66]. Compared to in situ cSCC, invasive cSCC 
expressed a greater number of myeloid-derived suppressor cells (MDSC). However, invasive cSCC 
expressed fewer MDSCs than many subpopulations of T cells, tumor-associated macrophages 
(TAM’s) and tumor infiltrating dendritic cells (TIDC). Furthermore, invasive tumors expressed lower 
levels of tumor infiltrating dendritic cells (TIDC), CD4+IFN-γ+ T cells, CD8+IFN-γ+ T cells, 
CD8+granzyme B (GzmB)+ T cells, and a reduced ratio of CD8+ T cells to regulatory T cells compared 
to in situ tumors. IFN-γ-producing T cells correlate with more potent antitumor immune responses 
and GzmB+ T cells are capable of lysing tumor cells. Consequently, in situ tumors maintain an 
immune-activating environment, whereas invasive tumors present an immunosuppressive 
environment. The immunosuppressive environment comprises low levels of CD4+IFN-γ+, CD8+IFN-
γ+, and CD8+GzmB+ T cells [67]. Moreover, the invasive cSCC tumors express higher levels of PDL-
1, which binds to the inhibitory immune checkpoint PD-1 on infiltrating lymphocytes and on tumor 
cells [68]. Low recognition of neoantigens by T cells is observed in invasive cSCC compared to AK 
[69]. The importance of these constrained T cells in cSCC is underscored by the successful treatment 
of advanced cases with cemiplimab, a PD-1 blocker. 
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Figure 2. Interactions between CD8+ T cells and Tumor Cells. 

Figure 2: The binding of PD-1 and PD-L1 in healthy cells serves to downregulate the immune 
system. Cancer cells upregulate PD-L1 to evade immune system surveillance, preventing cytotoxic T 
cells from killing tumor cells. 

FGFR2 signaling potentially impacts various types of immune cells, each playing a crucial role 
in maintaining immune homeostasis and responding to tumorigenesis. Erdafitinib, a fibroblast 
growth factor receptor (FGFR) inhibitor, combined with a PD-1 blockade in an autochthonous 
FGFR2K660N/p53mut lung cancer mouse model increased T- cell infiltration activity and reduced Treg 
cell population [70]. In addition, Erdafinitib combined with anti-PD-1 decreased infiltration of 
immunosuppressive TAM’s, increased NK and B cell abundance, and a higher proliferative, activated 
state of T and NK cells relative to erdafitinib alone. Macrophages can exhibit pro-inflammatory (M1) 
or anti-inflammatory (M2) phenotypes. The macrophages present in the cSCC microenvironment 
predominantly exhibit the M2 phenotype and promote tumor invasion and metastasis through 
producing MMPs and lymphangiogenic mediators [71]. FGFR2 signaling influences macrophage 
polarization, and deregulated FGFR2 activity in cSCC can skew macrophages towards the M2 
phenotype, supporting tumor growth, angiogenesis, and metastasis [72]. Dendritic cells are essential 
for antigen presentation and the initiation of adaptive immune responses. To date, no studies exist 
evaluating the effect of FGFR2 in dendritic cell function in the context of cSCC. Nevertheless, FGFR2 
positive cancer associated fibroblasts secrete WNT proteins that play a critical role in dendritic cell 
(DC) differentiation and maturation [73]. This phenomenon suggests a paracrine role of FGFR2 in 
modulating dendritic cell function [73]. Deregulated FGFR2 activity in cSCC can impair DC 
maturation and antigen-presenting capability, leading to suboptimal T cell activation and immune 
surveillance. In recently published studies, keratinocyte specific deletion of FGFR2 was associated 
with a significant reduction in UVB-induced PD-L1 expression, mast cell and macrophages 
infiltration in mouse epidermis [20]. 
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6. Current Progress in the Development of FGFR2-Oriented Therapies 

The development of FGFR inhibitors has significantly advanced, targeting various cancers 
where FGFR2 overexpression or mutations are implicated. Key drugs in this category include 
ponatinib, dovitinib, and BGJ398 (infigratinib), which are designed to specifically inhibit the growth 
of tumors with FGFR2 gene mutations, amplifications or rearrangement [74–77]. The design of these 
agents is to inhibit tumor growth and proliferation. These drugs work by blocking the 
phosphorylation and activation of receptors, which is crucial for the FGFR-driven signaling pathways 
that promote cellular division and survival. Combining FGFR inhibitors with chemotherapy or 
radiotherapy has been explored as a strategy to enhance the efficacy of cancer treatment [78]. The 
rationale is that while FGFR inhibitors can suppress the proliferation of cancer cells by targeting 
specific signaling pathways, chemotherapy and radiotherapy can broadly kill both dividing and non-
dividing cells. This combination aims to reduce the development of resistance and to achieve a more 
comprehensive tumor response. Studies have shown that the synergistic effects of combining FGFR 
inhibitors with other forms of therapy can lead to improved outcomes in various cancers. For 
instance, the use of FGFR inhibitors alongside DNA-damaging agents, like cisplatin or radiation 
therapy, has been shown to enhance the cytotoxic effects on cancer cells [79]. This synergy may be 
due to the inhibition of DNA repair pathways by FGFR inhibitors, making cancer cells more 
susceptible to damage induced by chemotherapy or radiotherapy. Integrating FGFR inhibitors with 
other targeted therapies such as EGFR inhibitors, VEGF blockers, or PD-1/PD-L1 checkpoint 
inhibitors is a promising area of research [70,80,81]. The goal is to block multiple pathways that the 
cancer cell uses for growth and survival, potentially leading to more effective treatment strategies. 
For example, the combined inhibition of FGFR2 and VEGF has shown potential in reducing 
angiogenesis and tumor growth more effectively than targeting either pathway alone [82]. This multi-
pronged approach reflects the complexity and adaptability of cancer, requiring a comprehensive 
strategy to combat the disease effectively. The integration of FGFR2-oriented therapies into broader 
cancer treatment regimens continues to be a focus of clinical research, aiming to improve patient 
outcomes through targeted and synergistic treatment strategies. 

7. The Scope of Immune Targeting of cSCC Together with FGFR2 Inhibition Therapy 

Combining immunotherapy with FGFR2 inhibitors (e.g., RLY-4008) presents a potentially 
promising strategy for enhancing treatment efficacy in cSCC. Immunotherapies, such as immune 
checkpoint inhibitors targeting PD-1/PD-L1, can unleash the immune system’s ability to attack cancer 
cells. When used with FGFR2 inhibitors, this combined approach could overcome the 
immunosuppressive tumor microenvironment, improving anti-tumor immune responses. In our 
recent studies, mice exposed to UVB demonstrated a significant induction of epidermal PD-L1 
mRNA and protein [13,20,63]. Furthermore, PD-L1 expression is increased in chronically sun-
damaged, noncancerous human skin, underscoring its potential as a target for skin cancer prevention 
[83]. PD-L1 expression is known to be regulated by IFNγ signaling, which is pivotal in limiting the 
action of cytotoxic T-cells [84,85]. The binding of PD-L1 to its receptor, PD-1, on T-cells culminates in 
T-cell exhaustion and diminished function. We have previously demonstrated an increase in PD-L1 
mRNA expression following exposure to solar UV, was contingent on the active IFNγ/pSTAT1/IRF-
1 signaling pathway in keratinocytes [63] as well as FGFR2 signaling (11,13). Animal studies have 
shown that UV-induced systemic immunosuppression results in the emergence of specific regulatory 
T-cells (CD4+CD25+FOXP3+cells), transferable to unaffected animals [86]. Additional research is 
required, however, the increased levels of PD-L1 observed post-UV exposure in epidermis might 
significantly influence local immune suppression during skin carcinogenesis [63]. AZD4547, a pan 
FGFR inhibitor, and keratinocyte FGFR2 deficiency counteracted UVB induced PD-L1 expression in 
epidermal keratinocytes in vivo [13,20]. These data suggest that PD-L1 expression is downstream of 
several pathways, including FGFR2 signaling. The FGFR pathway inhibitors have been in clinical 
trials for many cancers including lung and GI cancers but have not yet been explored for UVB-
induced cSCC in humans [87–89]. The FGFR2 signaling pathway has emerged as a significant player 
in skin biology, impacting various cellular processes including differentiation, proliferation, and 
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wound repair as noted above. FGFR signaling, particularly that of FGFR2, may have a broader 
implication in the skin’s immune milieu, potentially influencing T-cell dynamics. Given the critical 
role of PD-L1 in cSCC progression and immune evasion, targeting PD-L1 in combination with FGFR2 
inhibitors may provide a synergistic approach for the prevention and treatment of cSCC, addressing 
both the inflammatory and proliferative pathways involved in skin carcinogenesis. Although 
clinically relevant monoclonal antibodies targeting PD-L1 are effective for systemic tumor treatment, 
they are less suitable for preventive strategies or topical application [64]. Recently, a topical small-
molecule inhibitor for PD-L1 was reported (BMS-202) to protect against UV-induced inflammatory 
stress in skin and associated with downregulation of keratinocytic PD-L1 expression [64]. The 
availability of such selective small molecular weight compounds will allow for the evaluation of a 
combinatorial approach targeting both PD-L1 and FGFR2 for prevention and treatment of cSCC. 

8. Conclusions and Future Directions 

FGFR2 plays an important role in the maintenance of healthy skin and dysregulation of FGFR2 
is closely linked to the pathogenesis and progression of cSSC. Some of the emerging trends in FGFR2 
research include the development of more selective and potent inhibitors against FGFR2, exploration 
of biomarkers that may better stratify patients for these treatments, and mechanisms of resistance to 
FGFR2-targeted therapies. Next-generation inhibitors and combination therapies are being designed 
with the discovery of novel FGFR2 mutations and alterations by new genomic and proteomic 
technologies. Potential advances in cSCC treatment with FGFR2 targeting are of major consequence. 
A better understanding of the role of FGFR2 in cSCC tumor biology is most likely to be linked to the 
development of new therapeutic strategies. These would comprise combination therapies with other 
targeted agents, immunotherapies, and personalized treatment approaches based on a patient’s 
tumor genetic makeup. The combination of FGFR2 inhibitors with local application for either 
prevention or therapy of cSCC, associated use of more sophisticated drug delivery systems and 
nanotechnology, might be developed for better accuracy and effect of treatment. 
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