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ABSTRACT 

Background: Cutaneous malignancies most commonly arise from skin epidermal cells. These 
cancers may rapidly progress from benign to a metastatic phase. Surgical resection represents 
the gold standard therapeutic treatment of non-metastatic skin cancer while chemo- and/or 
radiotherapy are often used against metastatic tumors. However, these therapeutic treatments 
are limited by the development of resistance and toxic side effects, resulting from passive 
accumulation of cytotoxic drugs within healthy cells. 

Objective: This review aims to elucidate how the use of monoclonal antibodies (mAbs) 
targeting specific tumor associated antigens (TAAs) are paving the way to improved treatment. 
These mAbs are used as therapeutic or diagnostic carriers that can specifically deliver cytotoxic 
molecules, fluorophores or radiolabels to cancer cells that overexpress specific target antigens. 

Results: mAbs raised against TAAs are widely in use for e.g. differential diagnosis, prognosis 
and therapy of skin cancers. Antibody drug conjugates (ADCs) particularly show remarkable 
potential. The safest ADCs reported to date use non-toxic photo-activatable photosensitizers 
(PS), allowing targeted photodynamic therapy (PDT) resulting in targeted delivery of PS into 
cancer cells and selective killing after light activation without harming the normal cell 
population. The use of near infrared emitting photosensitizers enables both diagnostic and 
therapeutic applications upon light activation at the specific wavelengths. 

Conclusion: Antibody based approaches are presenting an array of opportunities to 
complement and improve current methods employed for skin cancer diagnosis and treatment. 

 

Keywords: skin cancer, cancer biomarker, diagnostic imaging, targeted treatment, antibody 

drug conjugate, photodynamic therapy 

1. INTRODUCTION  

1.1 Cellular basis of skin cancer  

Cutaneous tumors most commonly originate from the outermost layer of skin known as the 

epidermis. The epidermis is composed mainly of keratinocytes and melanocytes. Other cells 

present are immune and sensory cells. Basal cells (also known as basal keratinocytes) are cells 

found in the basal layer of the epidermis that continuously divide, forming new cells that push 

older differentiated cells to the surface which are eventually shed as dead skin. Cutaneous 

squamous cells occur as flat scale-like cells that have a reduced potential for cell division and 

produce protein components of the skin such as keratin and involucrin [1, 2]. Melanocytes 

occur as round, oval, elongated or fusiform structures and are found at the dermo-epidermal 

junction. Melanocytes are involved in secretion of the pigment melanin which provides 

protection from ultraviolet (UV) radiation and imparts skin and hair color [3]. 

 



When basal keratinocytes, squamous keratinocytes or melanocytes accumulate multiple 

mutations from a combination of extrinsic factors (e.g. environmental factors such as exposure 

to UV radiation) and intrinsic factors (such as genetic predisposition and phenotypic risk), they 

lead to disruption of cell homeostasis. This may eventually give rise to basal cell carcinoma, 

squamous cell carcinoma and melanoma, respectively. However, undifferentiated epithelial 

stem cells, that form the lineage for differentiated skin cells only require a single or few 

mutations to transform them into cancerous cells [4–6]. 

 

1.2 Classification and epidemiology of skin cancers 

Skin cancers are broadly classified as melanomas and non-melanoma skin cancers (NMSCs). 

Although melanomas account for about 5% of all skin cancers, they are responsible for majority 

of skin cancer deaths [7, 8].  Melanomas are further classified into 4 major subtypes based on 

clinical and histological features: superficial spreading melanoma, nodular melanoma, lentigo 

maligna and acral lentiginous melanoma. NMSCs account for the remaining 95% of skin 

cancer cases of which basal cell carcinoma (BCC) and cutaneous squamous cell carcinoma 

(cSCC) are the most significant subtypes [9, 10]. NMSCs have a high (18-20 times greater) 

incidence rate compared to melanoma and account for more than 60,000 deaths annually [11, 

12].  

BCC is the most common form of skin cancer representing 80 % of such carcinomas. However, 

BCC is associated with reduced mortality rate due to reduced growth rate and metastasis 

resulting from limited angiogenesis. Consequently, most cases are amenable to surgery [13, 

14]. The age-associated mortality rate is estimated to be 0.12 per 100,000 for BCC [15]. The 

recurrence rate for incompletely and completely excised tumors is approximately 27% and 6% 

respectively [16]. Also, about 13% of patients with a high-risk primary melanoma will 

experience disease recurrence within 2 years [17].  

cSCCs are the second most occurring non-melanoma skin cancer diagnosed at 15–35 cases per 

100,000 people, thus, representing 20% of reported skin cancers. cSCC has many subtypes that 

widely vary from harmless to aggressive skin tumors with metastatic potential ranging from 

1.1% to 2.4% [18]. The disease-free survival rate of such cancers is less than 42% for metastatic 

cSCC and 90% for localized cSCC [19]. The overall recurrence rate is roughly 7% [20]. 

However, despite the relatively low malignant potential of NMSCs, these skin cancers are 

associated with the effects of remarkable deformity or morbidity and substantial cost of 

treatment [21, 22]. 



The first step towards an effective treatment strategy and disease prognosis of skin cancers and 

other cancers is to categorize the diagnosed lesions into skin tumor subtypes. This helps 

determine the choice of treatment and estimate the cure rate. However, classification is rarely 

an easy task as carcinomas of the skin may be morphologically and histologically mistaken for 

other skin diseases and more benign lesions. Tumor characterization is further complicated by 

difficulties in distinguishing the boundaries of skin tumor from surrounding healthy tissue; a 

factor that is one of the causes that contributes to incidences of recurrence and subsequently to 

morbidity and mortality.   

 

1.3 Distinction and characterization of skin cancer 

Commonly employed clinical features for the identification and classification of tumor 

subtypes include histopathological features, positive or negative immunohistochemical profiles 

and immunophenotyping. There is notable evidence suggesting that the reliance on only 

clinical diagnosis and classification is insufficient, as clinical features of each skin cancer type 

vary. Employing multiple methods may aid in improving the diagnosis of skin cancer. Another 

disadvantage of using only clinical diagnosis without histological features is illustrated by the 

following examples: cSCC appear as firm, flesh-colored keratotic papules with a cutaneous 

horn and ulceration whereas BCCs display translucency, ulceration, telangiectasias, 

pigmentation, and a rolled border. However, these clinical features alone may overlap in both 

disorders, and hence increase the chance of misdiagnosis [23]. Also, there have been reports of 

low grade cSCC histologically showing focal (pseudo) ductal differentiation, resembling an 

aggressive tumor, microcystic adnexal carcinoma (MAC) [24]. Furthermore, morphological 

features of atypical fibroxanthoma (AFX) may mimic cSCC or melanoma.   

 

Immunophenotyping is a promising method for accurate differential diagnosis. Clinicians often 

combine histopathological features and immunohistochemical markers to confirm disease 

diagnosis. Immunophenotyping not only helps in accurate diagnosis of tumor subtypes but also 

plays a significant role in understanding cellular heterogeneity, prognosis and serves as a guide 

to determine the most appropriate treatment strategy. Immunophenotyping can be carried out 

using a specific antibody raised against a specific antigen, or protein peptides that act as ligands 

to cell surface receptors [25, 26]. AFX typically stains positive for α‑1 anti-trypsin, CD 68, CD 

99 and stains negative for CK-MNF116, CK-AE1/AE3 and desmin, thus helping to distinguish 

it from cSCC [27, 28]. However, melanomas exhibit positive immunostaining for S‑100, HMB 



45 and Melan-A [29] which helps in differentiating them from AFX. Immunohistochemistry 

relies heavily on prior knowledge of cellular markers (such as cell surface proteins) and can be 

misleading if the appropriate combination of panel of markers are not employed. For instance 

dendritic cells staining positive for S100 are seen in AFX, which might lead to erroneous 

diagnosis of melanoma which in turn has significant potential to result in overtreatment or 

undertreatment [28, 30, 31].  

 

Antibody mediated phenotyping has proven more promising than peptide-based antigen 

recognition due to their specificity and selectivity. However, the exploitation of antibodies has 

not been without limitations. Synthetically produced antibodies often exhibit a great degree of 

variability between manufacturers, thus increasing the likelihood of inconsistent results [25, 

26]. Moreover, sample storage and processing can lead to antigen loss or modification of the 

epitope, allowing for improper binding or failure of epitope recognition, giving false positive 

or negative results [8, 33–35]. This challenge has been averted using in situ labelling of tumors 

with a near infra-red (NIR) fluorophore, which has excitation and emission wavelength that 

range from 650–900nm (dyes such as IRDye800CW, indocyanine green, etc.) that are 

chemically conjugated to a targeting moiety (such as an antibody) which can bind with greater 

affinity to tumor associated antigens (TAAs) or biomarkers, consequently allowing for macro- 

and microscopic detection of even small tumors and tumor subregions. Often, a panel of 

antibodies are employed for inference, which may increase cost of diagnosis; albeit, providing 

valuable insights for combination therapies and to predicts response or resistance to these 

therapies. One such application of using multiple labels targeting various biomarkers is the 

technique of multiplex imaging, an advanced strategy of labelling multiple cell surface 

proteins, of both tumor and tumor associated cells with multiple fluorophores [35, 36]. 

 

  



2. BIOMARKERS FOR SKIN CANCER DIAGNOSIS, PROGNOSIS AND 

TREATMENT  

 

According to World Health Organization, a biomarker is defined as “any substance, structure 

or process that can be measured in the body or its products and influence or predict the 

incidence of outcome or disease” [37]. For clinical utility a cancer biomarker may measure the 

risk of developing cancer in a specific tissue or alternatively may measure risk of cancer 

progression or potential response to therapy. Cancer biomarkers can be classified into the 

following categories based on their usage: predictive biomarkers, prognostic biomarkers and 

diagnostic biomarkers [37]. Here we would like to emphasize that a differentially expressed 

cell surface protein (that could be ligand or receptor of a cell) can act a as biomarker for cancer. 

Such biomarkers are used for detection through binding of antibodies and their derivatives 

(such as single chain fragment variable regions, diabodies or minibodies). Biomarkers can be 

specific to cancer types and can be ultimately exploited for use against multiple cancer types 

and their associated cells [35, 38]. Biomarkers can also be used to distinguish normal skin from 

cutaneous cancers [39]. Careful attention to positive and negative internal controls is a critical 

step in the interpretation of skin cancer. Commonly used positive and negative controls for 

differential skin cancer diagnosis are elaborated further in the subsequent section describing 

skin cancer diagnosis.  

Predictive biomarkers aid in the selection and administration of contemporary treatments, 

tailored to a specific tumor profile or patient profile allowing for early assessment of potential 

treatment response and success rate [40]. These biomarkers rely heavily on studies that 

characterize cell surface receptors or ligands. For example, programmed cell death ligand 1 

(PD-L1), programmed cell death 1 (PD-1) and cytotoxic T lymphocyte-associated protein 

(CTLA-4) are popular immune checkpoint proteins biomarkers, but are not unique to any one 

cancer. The expression of these proteins is reported in melanomas, squamous cell carcinomas 

and a rare type of skin cancer called Merkel cell carcinoma, thus, an informed and meticulous 

guide is required for proper antibody based therapeutic procedure [41].  

Prognostic biomarkers, on the other hand do not predict the likelihood of treatment benefit but 

provides insights to the risk of overall disease outcome such as relapse or metastatic disease 

progression, drug resistance and or resistance to anoikis [42, 43]. For instance, a high 

expression of the receptor tyrosine-protein kinase erb3 (HER3) protein in melanomas may 

serve as a prognostic marker because HER3 overexpression correlates with increased cell 

proliferation, tumor progression, metastasis and reduced patient survival [44-46].  



Diagnostic biomarkers are used to establish the presence of a disease condition or to 

differentiate a specific disorder from another [37]. A specific diagnosis is crucial to the clinical 

outcome and therapeutic management of the disease. A common diagnostic issue in skin cancer 

is the distinction between a basaloid squamous cell carcinoma (bSCC) and a basal cell 

carcinoma (BCC). A panel of cell surface markers are used to distinguish them from each other. 

Epithelial membrane antigen (EMA) is positive in all bSCCs and negative in all BCCs [47] 

while EpCAM (epithelial-glycoprotein-adhesion-molecules) is positive in all BCCs and 

negative in bSCCs [48, 49]. Melanoma cells are defined as CD45-/CD31- cells co-expressing 

one or more of the melanoma-related antigens: CD63, CD146 or CD166. In most melanoma 

cases however CD63, CD146 and CD166 are all expressed [50]. 

 

Skin tumors are heterogenous in their levels of marker expression. The presence and absence 

of markers within the tumor needs to be considered when selecting panel of antibodies to target 

such cancer biomarkers. In a 2013 study, Colmont et al. had shown that BCC has a sub-

population of cells, both with and without CD200 expression. CD200 is the ligand for the 

inhibitory immune receptor CD200R. Tumor cells positive for CD200 act as tumor initiating 

cells [51]. In melanoma, the expression of CD200 has protumor effect by restoring the 

metastatic effect of melanoma foci [52]. CD200 expression is largely absent in well-

differentiated primary squamous cell carcinoma (SCC) of the skin but is highly induced in SCC 

metastases [53] implying the influence of CD200 in tumor progression of skin cancer. 

Upregulation of cell surface proteins either as ligands or receptors is not the only factor that 

aids tumor progression and survival. In some cases, the loss of this cell surface protein might 

be an indicator of tumor aggressiveness. For instance, EpCAM was shown to be downregulated 

in infiltrative BCC [54]. Furthermore, the epitope recognition site by an antibody may be 

instrumental in estimating the level of antigen in tumor.  Chantima et al., 2017 showed that the 

anti-EpCAM mAb to the membrane-proximal part of EpCAM is able to detect EpCAM on 

formalin-fixed paraffin embedded cervical cancer tissues unlike the anti-EpCAM mAb that 

recognizes an epitope in distal part of EpCAM, which is lost as the portion of antigen that is 

shed during sample preparation [55]. There are other cell surface antigens such as MUC1 that 

promotes melanoma progression and metastasis [56] and exhibits a similar property of 

shedding a portion of its extracellular domain [57]. Even the choice of antibody plays 

significant role as there are discrepancies in the levels of fibroblast growth receptor 1 (FGFR1) 

expression detected in melanoma when mAb (sc-121) or polyclonal Ab [Flg antibody (C-15)] 

is used for detection of FGFR1 [58, 59]. Utmost knowledge of both the targeted antigen and 



antibody is warranted while studying tumor markers to avoid misinterpretation or false positive 

results. Interestingly, antibodies generated by the body against tumor antigen or tumor antigen-

associated autoantibody have been used as a marker for skin cancer [60, 61]. Similarly, the 

polyclonal antibody MHA-3 is used to distinguish metastatic and non-metastatic melanoma 

[62]. Recent evidence shows a class of antibody known as bispecific T cell–engaging antibody 

(BiTE), a novel therapy that acts through a distinct mechanism of action by inducing T cell–

mediated cancer cell death by cross-linking  tumor antigen on tumor cells with CD3ε on T-

cells, and is used for diagnosis and treatment of metastatic melanoma and other advanced  

cancers [63-66]. 

Examples of predictive, prognostic and diagnostic markers of skin cancers: antigen/antigen 

type, cellular location of antigens, and associated recognition antibodies are summarized in 

Table 1. 

 



 Cell Surface Marker Diagnostic use Prognostic use Use in treatment 

1 B7-H3/CD276: cell surface 

transmembrane glycoprotein expressed 

in antigen presenting cells and certain 

tumors 

↑ in primary and 

metastatic melanoma 

and ↓ in nevi. anti-

human B7-H3 polyclonal 

antibody is used for B7-

H3 detection in 

melanoma [67]. 

Overexpression of B7-H3 

increases migration and 

invasion of melanoma. Goat 

anti-B7-H3 antibody is 

employed for B7-H3 

recognition in melanoma. 

[67, 68] 

Phase 1 Study with Enoblituzumab 

(MGA271) in combination with 

Pembrolizumab or MGA012 in 

refractory cancer (melanoma) 

showed promising antitumor 

activity [69-71]. 

 

 



2 αvβ3 Integrin/ Vitronectin receptor: 

αv (CD51) and β3 (CD61) integrins are 

heterodimeric cell surface adhesion 

receptors. 

 

↑ in metastatic 

melanomas and ↓ in 

lower metastatic 

potential cancer such as 

squamous cell or basal 

cell carcinomas. 

Hamster anti-mouse 

mAbs, SSA6,SAP & 23c6  

mAb that recognizes 

αvβ3 was used in 

melanoma expression 

studies [72-74]. 

 

 

αvβ3 integrin receptor may 

have an oncogenic and brain 

metastatic role in melanoma 

and treatment targeted to this 

integrin may suppress the 

oncogenic function and 

induce melanoma regression 

Rab anti-integrin avb3 (clone 

EM22703) was used for 

prognosis [75, 76]. 

mAb 17E6 efficiently inhibited 

the in vivo tumor growth of 

melanomas expressing αvβ3 as 

xenografts but did not affect the 

growth of αvβ3‐negative  

melanoma tumors [77] 

 

In a clinical study, MEDI-522 

(Abergrin)/ etaracizumab, a 

humanized monoclonal antibody 

directed against the human alpha V 

beta 3 integrin was used to treat 

patients with advanced malignant 

melanoma and elicit tumor tissue 

saturation with the antibody [78] 

 

 



3 gp75/TYRP-1/TRP-1: Tyrosinase-

related protein-1 is a 75 kDa 

glycoprotein involved in melanin 

synthesis in melanosomes. In diseased 

conditions gp75/TYRP-1 is processed 

as melanosomal polypeptide whose 

expression is seen on melanoma cell 

surface [79]. 

 

 

 

gp75 expression is seen 

in melanosome and on 

the cell surface of 

melanocytes. In primary 

and metastatic 

melanomas its 

expression is seen only 

on cell surface. Mouse 

mAb anti-gp75 TA99 

was used for cell surface 

detection of this antigen 

[80, 81]. 

TRP-1 expression was 

inversely correlated with 

tumor stage and showed no 

correlation with disease free 

survival. Anti-TRP- is a 

commercially available 

antibody from Novocastra 

Laboratories Ltd., UK [82]. 

Fully human anti-TYRP1 mAb 

(20D7) and mouse mAb anti-gp75 

TA99 suppresses the growth of 

melanoma in transgenic mice and 

athymic nude mice [80, 83]. 

 

Anti-gp75 mAb IMC-

20D7S (Flanvotumab) showed 

anti-melanoma activity in a phase1 

clinical study [84] 

 



4 CSPG4/MCSP: CSPG4 (chondroitin 

sulfate proteoglycan-4) is a cell surface 

proteoglycan, also known as 

melanoma-associated chondroitin 

sulfate proteoglycan (MCSP) or 

neuron-glial antigen 2 (NG2). 

>80% of primary and 

metastatic melanoma 

lesions have ↑ CSPG4 

expression. The protein 

is absent in normal 

melanocytes or benign 

skin lesions. 763.74 

mAb, 225.28s mAb binds 

to this diagnostic marker 

[85, 86]. 

 

 

In sentinel lymph nodes 

micrometastatic melanoma is 

detected using radiolabelled 

mAb 149.53, 225.28S, mAbs 

763.74, VF1-TP41.2, and 

VT80.12. These studies 

showed CSPG4 as poor 

prognostic marker [87, 88]. 

 

Anti-CSPG4 as naked antibody or 

as a  drug or immunolabeled 

protein in the form of  anti-MCSP: 

TRAIL fusion protein, BiTE 

antibody MT110,  MCSP-ETA 

immunotoxins, targeted α-therapy 

(TAT) using an 

α‑immunoconjugate 213Bi-

cDTPA-9.2.27, iodine-131-labeled 

mAb Me1-14 F(ab')2, scFv-FcC21  

are used to treat melanoma 

outgrowths in vitro, in vivo and in 

Phase I/II clinical study [63, 89-

93]. 

 



5 GD3: Ganglioside GD3 is a 

glycosphingolipid a component of cell 

outer leaflet of cellular membranes. 

GD3 is ↑ expressed in 

melanoma. Anti-GD3 

mAb R24 shows the 

presence of GD3 in cell 

surface of melanomas 

[94, 95] 

 

GD3 protects human 

melanoma cells from ionizing 

radiation-induced clonogenic 

cell death [96] 

 

Ganglioside GD3 promotes 

cell growth, invasion and 

migration in malignant 

melanoma cells [94, 95, 97] 

 

 

R24-saporin-Ab and  mAb 2A and 

GD3Bu induced complement-

mediated cell death in melanoma in 

vitro [98, 99] 

 

mAb KW-2871 was used in Phase 

I/II studies in patients with 

advanced melanoma [100, 101] 



6 GD2:  Ganglioside GD2 a modified 

carbohydrate epitope defined as tumor 

associated carbohydrate antigens 

(TACA) that is expressed on the 

plasma membrane. 

Ganglioside GD2 ↓ in 

skin melanocytes and 

other normal tissue. GD2 

is ↑ in melanoma [95, , 

102, 103] 

 

 

anti-GD2 mAb 220–51 was 

used to determine increased 

cell adhesion, spreading, 

reduced invasion and 

migration of melanoma, 

indicating GD2 involvement 

in melanoma migration or 

dissemination [94] 

mAb3F8 induced anti-proliferative 

and pro-apoptotic activity in 

human melanoma cells [104] 

 

Human anti-idiotypic monoclonal 

antibody vaccine (4B5) directed 

against the melanoma-associated 

GD2 antigen was used to treat 

patients who had stage III or stage 

IV melanoma [105] 

 



7 EGFR: EGFR is a cell surface 

receptor that binds to epidermal growth 

factor. 

 

90% of BCC express 

both cytoplasmic and 

membrane bound EGFR. 

[106] 

 

Aggressive type of BCC 

(morpheaform and 

adenoid types) express 

EGFR at higher levels 

compared to nodular 

BCC.  Antibody used for 

diagnosis: H11/Dako 

[106] 

EGFR has prominent role in 

melanoma progression, 

metastasis and acquired 

resistance to BRAF inhibitors 

Clone 31G7 & cetuximab, 

clone LA1 has specific 

affinity with EGFR and 

indicates its presence in 

tumor. [107, 108] 

 

EGFR expression is 

associated with progression, 

nodal metastasis and poor 

outcome in cutaneous 

squamous cell carcinoma. 

mouse monoclonal anti-

human EGFR, clone 2-18C9 

binds to cSCC [109] 

 

Treating BLM melanoma cell line 

with different concentrations of 

cetuximab reduced the invasive 

capacity of the cells, but did not 

alter cell viability or growth [107] 

 

Panitumumab, formerly ABX-EGF 

was used to treat(cSCC) [110]  



8 HER3/ERBB3: Receptor tyrosine-

protein kinase erbB-3 also known 

as HER3 (human epidermal growth 

factor receptor 3), is a membrane 

bound protein lacks or has little 

intrinsic tyrosine kinase activity 

Using the RTJ1 antibody 

85% of melanoma 

metastasis were 

determined to be HER3- 

positive. Weak to 

moderate expression was 

observed in nevi [111, 

112]. 

 

DAK-H3-IC was used against 

basal cell carcinoma to 

determine tumor 

aggressiveness and to 

differentiate histological 

subtypes [106]. 

 

HER3 aids in melanoma 

metastasis and is associated 

with poor survival of 

melanoma patients. Rabbit 

anti-total erbb3 antibody 

(Santa Cruz) was used as a 

prognostic marker [45] 

Anti-HER3 antibody (clone 105.5), 

EV20-Sap ADC, A3 and A4 mAb 

showed promising anti-metastatic 

and antitumor activity against 

melanoma [44, 46, 113] 

 

CDX-3379 mAb targeting EGFR is 

used in combination with the MEK 

inhibitor to treat NRAS mutant and 

BRAF/NRAS wildtype (WT) 

melanomas [114] 

 

https://en.wikipedia.org/wiki/Protein


9 CEACAM1: Carcinoembryonic 

antigen-related cell adhesion molecule 

1, a splice variant of biliary 

glycoprotein located in cell surface. 

Also known as CD66a (Cluster of 

Differentiation 66a). 

29H2 clone, clone 

8B6E2F4 & clone 2F6 

were used to determine 

the presence of 

CEACAM1 in 

melanoma. Shown ↑ 

expressed in melanoma 

and ↓ in benign nevi and 

are absent in non-

tumoral melanocytes 

[115, 116] 

 

CEACAM1 exhibited 

>20-fold stronger cell 

surface expression in 

melanoma than normal 

CEACAM1-positive 

such as prostate cells 

[118] 

mAb 4D1/C2 & mouse anti-

human PE-labeled 

CEACAM1/CD66a stained 

CEACAM1 that helps 

lymphatic hematogenous 

melanoma spread [118, 119] 

 

 

sCEACAM1: melanoma-

secreted form of CEACAM1 

is elevated in progressive 

melanoma patients and acts 

as predictive marker for 

immunotherapy treatment 

failure. MRG1 mAb binds to 

both secreted and membrane 

bound form of CEACAM1 

[120, 121] 

 

 

MRG1 mAb targets inhibitory 

interactions 

between tumour cells and late 

effector lymphocytes thereby 

rendering melanoma cells more 

vulnerable to reactive lymphocytes 

[120] 

 

CM-24 (MK-6018) mAb against 

CEACAM1 was used individually 

and in combination with 

Pembrolizumab (MK-3475) to treat 

melanoma patient in a Phase 2 

clinical study [122] 



10 α5β1 integrin receptor/ (fibronectin 

receptor) A cell-surface 

transmembrane heterodimeric receptors 

that recognize extracellular ligand -

fibronectin. 

 α5β1 integrin promotes 

melanoma metastasis and 

protect cells from apoptosis. 

It was shown to be highly 

expressed in metastatic 

melanoma compared to low 

metastatic melanoma. Clone 

5H10-27 binds to α5β1 

integrin expressed in 

metastatic melanoma [123] 

Volociximab, an anti- α5β1 integrin 

shows durable stable response in 

melanoma patients by itself and in 

combination with dacarbazine 

[124-126] 

 

 

*  ↑ (Up regulated) & ↓ (Down regulated), monoclonal antibody  

 

 

Table 1. An overview of previously described predictive, prognostic and diagnostic cell surface markers of skin cancer and corresponding 

antibodies used to recognize such cell surface markers of skin cancers. Some markers can play multiple roles as diagnosis, prognosis and predictive 

markers.



3. INVASIVE AND NON-INVASIVE DIAGANOSTIC METHODS FOR SKIN 

CANCER 

 

It is a known fact that the early detection and diagnosis of skin cancers or any other cancers is 

crucial to the determination of clinical outcome, prognosis and survival rate of the patient. For 

example, in melanoma, it is reported that detecting the primary tumors at an early stage resulted 

in a 5-year survival rate of 99% and 15-20% for late-stage patients [127]. The current and 

emerging methods for skin cancers like melanoma include dermoscopy, digital dermoscopy, 

reflectance confocal microscopy, total body photography, teledermatology, pathological 

analysis of skin biopsies, blood test for melanoma antibodies and more recently, the use of 

mobile phone applications [127-129]. Although such methods have proved useful in cancer 

detection, they also possess certain limitations ranging from the invasiveness inherent in the 

procedure, low accuracy and risk of false positives or negative detections [130]. Besides, it is 

doubtful that these screening methods are appropriate for people at risk of developing 

melanoma. For instance, in a patient with several moles on the skin, it would be impractical to 

perform a biopsy on every mole [131]. Also, some methods are better suited for pigmented 

skin in comparison to unpigmented skin. Thus, antibody-based screening and detection may 

address the challenges posed by such methods. Some examples of antibody-based screening 

methods for skin cancers can be classified into the following groups: autoantibody blood 

screening, immunohistochemistry or immunocytochemistry, antibody-based nuclear 

imagining, etc. 

 

3.1 Auto-antibody blood test 

The screening for blood-based tumor antigen biomarkers may be used in conjunction with the 

current diagnostic approaches of skin cancers most especially when the available method is not 

appropriate. The secretion of proteins from tumors (i.e. TAAs) triggers immune responses in 

cancer patients, a phenomenon that is almost non-existent in healthy individuals [132]. Thus, 

this difference in protein release can be explored in cancer detection. The immunogenic 

response produced by these secreted tumor proteins results from multiple molecular events, 

some of which include tumor-specific changes in protein expression due to mutation, 

aggregation or degradation due to misfolding and subcellular localization or proteins [133]. 



Also, the natural antibodies produced by the body (i.e. autoantibodies, AAbs) in response to 

the tumor-specific antigen or proteins can be harnessed as clinical biomarkers.  

The detection for cancer-specific AAbs in blood hold more promise as biomarkers for cancer 

diagnosis compared to other blood-based biomarkers such as circulating tumor DNA, 

microRNAs, and cells [134-136], as antibodies have a prolonged half-life in the serum, are 

easy to measure, and are reasonably stable in blood samples [132]. More so, autoantibodies 

may indicate early humoral immune response against tumor and can be measured at high levels, 

even at low levels of TAAs that initiated the response, as can persist for months or even years 

before the clinical detection of the primary tumor [132]. Like the immune response found in 

infectious disease, antibody-mediated response to cancer antigens involve a tightly regulated 

interplay of antibodies, antigen presenting cells (APCs), T lymphocytes (cells that target TAA-

derived peptides bound to self-MHCs proteins), cytokines, chemokines, regulatory systems, 

and the signals produced by the tumor microenvironment. Also, it is a known fact that antibody 

responses increase the presentation of antigen by improving the antigen uptake of the Fcγ 

receptor on APCs by binding to the same epitopes that are recognized by the T lymphocytes 

and have formed the basis for immunotherapy. An understanding of the immune response 

variation in cancer (i.e. the cancer immunome”) is therefore crucial to the identification of 

TAAs and antibodies that can serve as: (1) biomarkers for cancer diagnosis, staging, and 

prediction of treatment responses and clinical outcome; (2) provide insights on the role of 

immune regulation on cancer progression and (3) and provide a rationale for the development 

of immunotherapy. Antibody responses to tumor vaccines was shown to correlate with 

improved clinical outcome and survival in stage II melanoma patients vaccinated with 

polyvalent vaccine [137]. However, despite the breakthroughs made with the use of AAbs in 

diagnosis and treatment of cancers, the number these serum protein biomarkers for early 

detection, cancer prognosis and treatment remain limited. This challenge is due to the rates of 

false-positives in the healthy population or false-negatives in cancer patients. Needless to say, 

the development of a single or panel of these biomarkers can take decades of research to reach 

the stage of a prospective trial. Recent advances and development in proteomics [138-140] 

have led to the identification new TAA and AAbs. For instance, Zaenker et al., 2018 identified 

10-combination autoantibody biomarkers with a specificity 79 % and sensitivity 84 % using 

high density protein microarrays and a stringent statistical approach that may be useful for 

primary melanoma detection. Also, using a high-throughput Luminex technique a total of 14 

TAAs were used to detect a panel of 7 autoantibodies in the sera of lung cancer patients [141].  



 

3.2 Immunohistochemistry 

The use of immunohistochemical technique is increasingly becoming an indispensable 

ancillary tool for improving the diagnostic and prognosis of various dermatopathologies. This 

technique is particularly important in delineating lesions with overlapping clinicopathological 

features. This technique has also been employed for personalized targeted cancer therapy [142]. 

Even though the principles of immunohistochemistry (IHC) have been in existence since the 

1930s; its basic concepts were first described by Coons et al. (1941), about a decade later in an 

experiment where they conjugated a fluorescent dye with fluorescein isothiocyanate (FITC)-

labelled antibodies to identify pneumococcal antigens in tissues [143].  

There is increasing use and scope for IHC is many spheres of medicine and there is a 

burgeoning array of commercially accessible IHC antibodies. IHC technique involves the 

localization of antigen of interest in cells or tissue sections that are tagged with antibodies 

(which locates a specific epitope) and thereafter visualized using chromogens (which may be 

an enzyme-system, fluorescent dye, colloidal gold, or radioactive compounds) [142]. 

Diaminobenzidine (DAB), is the most commonly used chromogen and it gives a brown color 

to the immunopositive areas; while other chromogens such as aminoethyl carbazole (AEC) and 

Fast Red typical produces a red coloration [144].  

IHC has tremendously assisted in the diagnosis of difficult cases. Although, the histological 

diagnosis of these skin tumors is usually straightforward, some cases can be difficult due to 

overlapping features that resemble other lesions. For instance, basal cell carcinoma (BCC) is 

positive for a cytokeratin marker BerEP4 and negative for epithelial membrane antigen (EMA). 

Whereas, squamous cell carcinoma cells are typically positive for higher molecular weight 

cytokeratin and EMA and cytokeratin [145]. BCC can be differentiated from other adnexal 

tumors such as trichoepithelioma and trichoblastoma using androgen receptors; which are 

negative in these adnexal tumors. Also, melanoma in situ is positive for both Melan-A and 

S100; while desmoplastic melanoma is positive for S100 protein and consistently negative for 

Melan-A [145]. Antibodies used for IHC can either be mono- or poly-clonal. Monoclonal 

antibodies tend to be more specific for an epitope while polyclonal types are capable of binding 

to multiple epitope sites, leading to cross-reactivity. 

HMB45 (gp100) although positive for melanoma cell can be immunopositive for other benign 

melanocytic nevi; while some nevoid melanomas and desmoplastic melanomas may stain 



negative for HMB45 [144, 146]. Despite its variable specificity, it still has a vital role during 

Mohs surgery to identify tumor margins [146]. There is high expression of neuronal 

differentiation markers such as β-tubulin III, ARC ULK1, neurofilaments and GAP-43 in BCC; 

and their expression tend to correlate with BCC subtypes. Less aggressive subtypes such as 

nodular, micronodular or superficial tend to have a higher expression of neuronal 

differentiation markers while, highly aggressive subtypes such as morphoeic tend to have lower 

expression [142]. CD10 expression patterns call also be used to distinguish BCC from 

trichepithelioma [142]. Ki67 expression also is useful in differentiating BCCs from Squamous 

cell carcinomas [142]. P63 positivity is a good indicator for cSCC and can identify atypical 

variants; while co-expression of Cyclin D1 and PGP 9.5 and Cyclin D1 in cSCC is and indicator 

of an aggressive tumor course [142]. 

Despite the benefits of IHC, there is always a possibility of false negative and positives 

depending on the viability, age, preservation and decalcification of the tissue. 

 

3.3 Antibody-based nuclear imaging and radiopharmaceuticals (radio-immune 
conjugates) 

Antibodies have excellent capacities for selective binding to targets and hence are potentially 

precise probes that can be used in medical imaging. However, the evolution of antibody-based 

medical imaging has been plagued with several drawbacks such as slow clearance from the 

body and accumulation of antibody tracer in non-target tissues [147]. Novel conjugation 

strategies, contrast agents and antibody bioengineering techniques (minibodies, diabodies, 

nanobodies and single chain variable fragments) have significantly ameliorated some of these 

bottlenecks. Antibodies and their modifications are now preclinically and clinically employed 

in combination with nuclear and non-nuclear contrast agents (such as near magnetic resonance 

imaging, ultrasounds, infra-red probes, nanoshells, quantum dots and surface enhanced raman 

spectroscopy) as theranostic tools [147]. Development highly specific antibodies towards 

cognate antigens have significantly improved the scope and potential of antibody-based nuclear 

imaging. Advanced antibody engineering has generated multiple antibody formats such as 

scFv, variable fragments (Fv), bispecific/bivalent diabodies as well as minibodies have 

significantly improved the scope and capabilities of various radionuclides, bioluminescent 

tracers and contrast agents for tumor targeting [148]. Targeting moieties can be linked to hybrid 

labels and fluorophores using various forms of conjugation chemistries. However fusion 

proteins generated through conjugation of fluorophore to larger protein group are unable to 



tolerate harsher techniques such as high heat, or organic solvent use that is usually permissible 

by small peptides [149]. Formation of amide bonds between activated carboxylic group such 

as N-hydroxysuccinimide (NHS)-ester and a primary amine is commonly used for larger 

protein conjugations [149]. The introduction of highly specific nanobody-based tracers has also 

improved the non-invasive diagnosis, staging, risk stratification and therapeutic follow-up of 

cancer and have found a place in targeted photodynamic and radionuclide therapy [150].  

Furthermore, targeted or non-specific fluorescent agents have very useful in real-time imaging 

of sentinel nodes and intraoperative visualization of tumors [149]. The use of PET/CT and 

sentinel node biopsy is key for accurate staging of melanomas [151]. In fact, presence or 

absence of tumor in lymph node is the most crucial prognostic indicator of intermediate 

thickness melanomas [152, 153]. The use of 18F-fluorodeoxyglucose (FDG–PET/CT) has 

emerged as a highly beneficial tool in the assessment of dissemination patter of recurrent or 

advanced melanomas [151]. In the era of precision medicine, nuclear imaging has advanced 

highly efficient portable imaging technologies for identification of sentinel nodes, such as 

SPECT/CT, portable γ-cameras and lymphoscintigraphy [151]. 

Antibody-based radiopharmaceuticals represent a potent approach that combines the high 

specificity of antibodies with the unique properties of radionuclides to produce a quantitative 

readout of antigen status on tumor cells via imaging modalities such as positron emission 

tomography (PET) [154, 155]. Currently, there is an expanding number of applicable 

radionuclides (for example: 72As, 76Br, 55Co, 64Cu, 66Ga and 52Mn, amongst others), each with 

a unique array of characteristics [154, 156]. Therefore, in order to achieve optimum 

radioimmunoimaging and radioimmunotherapy, several criteria such as the physical properties 

of the radionuclides and their impact on tumor burden are dictating the radioisotope selection 

process. One of the challenges experienced from the use of radiopharmaceuticals is their 

prolonged presence in systemic circulation, which can generate unnecessary radiation to non-

target vital organs such as the bone marrow and the liver [154]. Fortunately, pre-targeted 

immunoPET imaging and pre-targeted radioimmunotherapy (PRIT) have been implemented to 

circumvent and reduce off-target radiation effects[157-159]. In the context of skin cancers, 

Klein et al. demonstrated (in consecutive Phase Ia and Ib studies) that 188Re-6D2, a 

radiolabeled IgM targeting melanin, was well tolerated, had antitumor activity in melanoma 

metastases with a median overall survival of 13 months and no dose-limiting toxicities [160]. 

Similarly, radiolabelled anti-CD44v6 antibody-based tracers demonstrated promising 

diagnostic application in patients with head and neck squamous cell carcinoma [161]. More 



recently, radionuclide delivery systems (other than monoclonal antibodies and their fragments) 

are being investigated: dextran-based carriers proved effective in a Phase III clinical study with 

oral cavity squamous cell carcinoma patients providing accurate detection and prediction 

bearing 0% false negative results [162]. Undoubtedly, it can be stated that with such progress 

in radioimmunoimaging and radioimmunotherapy, progress in other related disciplines 

including as immunotherapy in general will make a future worldwide impact. 

 

3.4 Optical imaging 

Optical or spectral imaging (OSI) as tools for skin cancer diagnosis allow for non-invasive and 

real-time characterization of biological tissues and samples. This approach involves probing 

tissue samples with photons of light and the measuring of the resultant optical features based 

on light absorption, transmittance/reflectance and light scattering properties [163, 164].  There 

is evidence based on ex vivo, in vivo and preclinical studies that have demonstrated that OSI 

can be successfully used to measure changes in tumor physiology and to different normal 

tissues from cancer tissues [165-167].  

Although these optical imaging methods, especially dermatoscopy, have proved useful in the 

diagnosis of some pigmented and non-pigmented skin cancers and disease monitoring, it is 

strongly recommended that this method be validated with histopathology for equivocal skin 

lesions [164]. A “two-step follow-up” approach has also been proposed [164, 168]. This 

approach involves whole body photography and digital dermatoscopy in patients with multiple 

nevi, personal family history of melanoma or strong genetic predisposition to melanoma [131, 

168]. 

Other examples non-invasive optical methods that are currently being developed for early 

diagnosis, mapping of skin lesions over time and guided-resection of skin tumors include: 

Reflectance confocal microscopy RCM, which allows for real-time examination of skin lesions 

at microscopic- level resolution of 0.5 - 1µm and have been shown to be ideal for the evaluation 

of suspicious melanocytic lesion and have reduced the number of unnecessary excision of 

benign tumors [168-171]; optical coherence tomography [172-175], fluorescence polarization, 

fluorescence  and fluorescence lifetime imaging [176, 177] and many other spectroscopy-based 

optical techniques [166, 167, 178]. 

 



4. TARGETED TREATMENT IN SKIN CANCER  

4.1 Antibody-drug conjugates 

For decades, conventional therapies (chemotherapy, surgery and ionizing radiation) were 

recognized as the primary lines of defense against cancer. While some of these therapies have 

led to an appreciable improvement in patient survival, several shortcomings have been 

identified. A major challenge being the lack of tumor cell selectivity [179, 180]. The challenge 

of specificity has spurred the focus towards the development of targeted treatment strategies 

against cancer. The idea of immunotherapy was triggered through the observation that bacterial 

toxins could elicit a potent antitumor immune response [181]. Following this significant 

scientific milestone, the quest for a ‘magic-bullet’ that could selectively deliver a toxic payload 

to the site of the tumor has enabled the dramatic expansion of antibody-based immunotherapy 

[182]. With approximately 80 monoclonal antibodies (mAbs) approved by the Food and Drug 

Administration (FDA) as of May 2018, unconjugated mAb therapeutics is arguably one of the 

most successful interventions for patients with hematological and solid tumor malignancies 

[183-185]. Nonetheless, despite their considerable utility, most of these agents were rarely 

curative and therefore required further development to enhance efficacy while reducing toxic 

side effects [186].  

By arming mAbs with cytotoxic payloads, ADCs exploit the differential expression of cell 

surface antigens and the specificity of mAbs as guiding tools in the delivery of potent 

chemotherapeutic agents to the site of disease [187]. While the use of readily available drugs 

(doxorubicin, mitomycin and vinca alkaloids) were highly favored, little attention was given 

to the interplay between the antibody carrier, the linker, the toxic payload and the mechanism 

of drug release [188, 189]. Indeed, the development of effective ADC therapy has not been an 

easy task, and over 3 decades of research has resulted in the clinical approval of only 3 drugs; 

brentuximab vedotin, ado-trastuzumab emtasine (T-DM1) and inotuzumab ozogamicin [190].  

Selecting the appropriate antigen-binding site remains a critical step in ensuing the eventual 

success of an ADC. The criteria for the selection of a putative antigen should revolve around 

proper characterization, abundance and, accessibility on tumor cells as compared to normal 

cell populations [191]. For instance, in the context of skin malignancies, genome-wide 

expression profiling allowed the identification of several potential biomarkers for the treatment 

of melanoma. These include, melanotransferrin (p97), glycoprotein NMB (GPNMB) and 

endothelin B receptor (EDNBR) [192-194]. In most of these cases, an increasing body of 



literature is pointing to the major roles of these target antigens in promoting the growth, 

survival, migration and metastasis of the tumor [195-197].  

Furthermore, the chemical conjugation of the antibody and the toxic component can have a 

major impact on the pharmacokinetics and therapeutic index of ADCs [198]. This problem can 

be circumvented by using a linker as a covalent connection between the antibody and the 

chemotherapeutic drug. Linkers are known to improve the drug to antibody ratio (DAR) [199], 

and stability within the bloodstream and thus prevent early payload release,  once inside the 

target cell, linkers must be efficient enough to allow the escape of the killing agent to the 

diseased site [200]. Protease-sensitive peptide linkers have successfully been used in 

brentuximab vedotin to link the anti-CD30 antibody to monomethylauristatin E (MMAE) 

[201]. Following this trend, the valine-citrulline (vc) dipeptide has been used in the engineering 

of ADCs targeting melanoma-specific antigens p97, GPNMB and EDNBR [202-204]. The 

advantage of this approach is based on the chemical nature of the vc dipeptide; it contains a 

lysosomal-specific protease (cathepsin B) cleavage site which allows the chemically 

unmodified release of the toxic payload from the lysosomes [199]. Similarly, another class of 

cleavable linkers employs the glutathione-sensitive disulphide bonds [191]. This class of linker 

has been used in Lorvotuzumab mertansine, an anti-CD56 antibody with a maytansinoid 

(DM1) payload that has shown efficacy against Merkel cell carcinoma in early phase trials and 

granted orphan status by the FDA [202]. 

The first generation of ADC payloads consisted primarily of clinically approved drugs with 

well-known safety and efficacy. However, the development of these agents has been plagued 

by several limitations: inadequate cytotoxic activity, lack of selectivity and low intracellular 

drug concentration [203]. Fortunately, expansion of the ADC development landscape was 

made possible through the introduction of the anti-mitotic agents: maytansinoids and 

auristatins [191]. They work primarily by inhibiting spindle and microtubule dynamics during 

interphase, which results in G2/M mitotic arrest [204, 205]. Such ADCs are known for their 

superior selectivity towards fast-dividing malignant cells and their picomolar IC50 values, 

several orders of magnitude higher than mainstream chemotherapeutic drugs like doxorubicin 

and methotrexate [203, 206]. For instance, CR011-vc-MMAE (currently in phase II clinical 

trial) and 5E9-vc-MMAE (targeting EDNBR) both showed remarkable efficacy against 

melanoma cell lines and mice xenograft models [193, 194, 207]. Similarly, the work of Smith 

et al. (2006) showed that melanoma cell lines with higher p97 expression were more sensitive 



to L49 ADCs with IC50 values ranging from 0.7-7.1 ng/ml, thereby highlighting the role of 

antigen level as a determining factor for cytotoxicity against cancer cells [192].  

Although ADCs look promising in preclinical animal models, evaluation in the clinical setting 

revealed dose-limiting toxicities that could significantly affect the therapeutic efficacy [207-

209]. For example, adverse effects that are most commonly observed with vcMMAE-based 

ADCs include acute neuropathy and neutropenia, irrespective of the target antigen [207]. 

Additionally, the genetic background of the cancer may affect activation of the drug from the 

internalized ADC and once released, the lethal payload may be metabolized or transported by 

efflux pumps [194]. This phenomenon called multidrug resistance (MDR) has been attributed 

to a family of adenosine triphosphate-binding cassette (ABC) transporters, which mediate the 

active efflux of ADC payloads out of the cell [210]. Fortunately, the introduction of 

maleimidyl-based hydrophilic linkers could aid the in the cellular retention of toxic payloads 

[211]. 

 

4.2  Immunotherapy 

Over the past decades, there has been a piqued interest in understanding the role of the immune 

system in skin cancers. The link between these two entities has long been recognized on the 

basis of heightened incidence of skin cancers (BCC, SCC, malignant melanoma, Kaposi 

sarcoma and Merkel cell carcinoma) in organ transplant recipients [212, 213]. Researchers 

have also acknowledged that UV radiation (290-320 nm) has drastic effects on immune 

function, with the potential of creating a conducive environment for tumor formation [214]. In 

this regard, there has been a paradigm shift in clinical oncology, laying the foundation for the 

immune system in general and T-cells as therapeutic effectors. Subsequently, antibodies 

targeting and activating T-cells have been approved for several indications, including 

melanoma, non-small cell lung cancer and renal cell carcinoma [215]. 

The development of immunomodulators for skin cancer has been most extensively studied in 

melanoma. Immune agonists such as interferon-alpha (IFN-α) and interleukin-2 (IL-2) have 

been used as adjuvants for late-stage melanoma, resulting in a modest improvement in disease-

free survival in a small population of cancer patients [216, 217]. Furthermore, with its ability 

to induce an overall remission rate of 70-100%, IFN-α2 is also being warranted as a potential 

candidate in the treatment of BCC and SCC [218-220]. To be able to foster tumor regression, 

IFN-α facilitates the secretion of Th1 cytokines (IFN-γ and IL-2), causing the upregulation of 



CD80 and CD86 co-stimulatory molecules on antigen-presenting cells (APCs), the 

enhancement of human leukocyte antigen (HLA) class I and class II expression, or the 

induction of apoptosis via the interaction of tumor cells with CD95 ligand on CD4+ T-cells 

[212–214]. On the other hand, IL-2, a cytokine secreted by CD4+ T lymphocytes, does not have 

a direct impact on cancer cells; it works primarily by stimulating the cytotoxic activity of T 

lymphocytes, natural killer (NK) cells and macrophages [223]. 

As early as 1994, a pivotal discovery was made when the glycoprotein CTLA-4 demonstrated 

potent inhibitory activity in regulating T-cell responses [224]. Being an intracellular protein, 

CTLA-4 works by translocating to the cell surface (upon T-cell receptor engagement and CD28 

co-stimulatory signals) where it mediates inhibitory signaling into the T-cell, to arrest both 

proliferation and activation [224]. Thereafter, two fully human CTLA-4-blocking antibodies 

(ipilimumab and tremelimumab) entered clinical trials in patients with advanced malignancies 

[215]. However, while durable tumor regressions have been documented, several toxicities 

resulting from tissue-specific inflammation have necessitated the use of agents that could 

control these symptoms without jeopardizing the antitumor activity [225, 226]. FDA approval 

of ipilimumab was finally granted in 2011, when two large phase 3 clinical trials justified its 

use as the first treatment to significantly enhance survival of metastatic melanoma patients, as 

compared to peptide vaccination or standard dacarbazine chemotherapy [227, 228]. 

Similarly, by interacting with its ligand PD-L1 found on the surface of tumor cells, the PD-1 

receptor has been known as a dominant negative regulator of anticancer T-cell function [215]. 

Research focused towards the reactivation of functionally impaired antitumor T-cell, has thus 

resulted in the engineering of PD-1 blocking antibodies (nivolumab and pembrolizumab), 

which have shown remarkable potential for metastatic cancers such as malignant melanoma 

[229, 230]. Due to their mode of action, these drugs are being catapulted in combination trials; 

recently the synergistic effect of combining nivolumab and ipilimumab resulted in sustained 

long-term overall survival at 5 years in patients with advanced melanoma [231]. Unfortunately, 

a major limitation of checkpoint blockade is the possibility of T-cells encountering their antigen 

outside the tumor tissue, with the risk of inducing severe immune-related adverse events [232, 

233]. To solve this issue, more specific approaches involving bispecific antibodies (bsAbs) 

have been used to bind two antigens simultaneously and create a bridge between two different 

cell types [234, 235]. For instance, Koopmans et al. (2019) constructed the bispecific antibody 

PD-L1xCSPG4 (to direct PD-L1 blockade to chondroitin sulfate proteoglycan 4 (CSPG4)-

expressing melanoma cells) which was found to significantly enhance activation status, IFN-γ 



production and the cytolytic activity of anticancer T-cells [236]. Therefore, a better 

understanding of the biological mechanisms of cancer surveillance holds the promise of 

enabling continued optimization of current immunomodulatory therapies. 

 

4.3 Anti-angiogenic therapies 

Angiogenesis is defined as the growth and expansion of new blood vessels from a pre-existing 

vascular network [237]. It has been implicated in several pathological conditions including 

malignant melanoma and non-melanoma skin cancer [238, 239]. The ‘angiogenic switch’– a 

key step in tumor development – occurs when tumor cells and cells within the tumor 

microenvironment tip the balance in favor of pro-angiogenic factors [240]. This results in 

increased capillary sprouting, forming new blood vessels which supply the tumor with the 

oxygen and nutrients required for sustained growth [241]. In 1971, Folkman hypothesized that 

angiogenesis-driven tumor growth and metastasis could be inhibited by blocking angiogenesis 

[242]. Subsequently, several pro-angiogenic factors have been identified and characterized, 

including interleukin-8 (IL-8), platelet-derived growth factor (PDGF), placental growth factor 

(PlGF) and vascular endothelial growth factor (VEGF) [241].  

VEGF consists of a heparin-binding family of several glycoproteins, the functions of which are 

extensively reviewed in Sullivan et al., 2010 [237]. VEGF is the best studied angiogenic growth 

factor and is known to have a critical role in skin cancer [243]. Knockout experiments in mice 

subjected to skin carcinogenesis, revealed that VEGF promotes malignant growth through the 

induction of angiogenesis [244]. Most importantly, VEGF functions by promoting endothelial 

cell proliferation, survival, migration, vasodilatation, and vasculogenesis through the 

recruitment of bone marrow-derived hematopoietic progenitor cells [238, 245]. Furthermore, 

mice xenografts with highly metastatic melanoma cells were shown to express higher levels of 

VEGF compared to non-aggressive cell lines [246]. Interestingly, BCCs tend to show weak 

VEGF expression, while SCCs, being more aggressive than BCCs, display more intense VEGF 

levels [247, 248]. With this knowledge at hand, researchers have been prompted to develop 

compounds that could potentially target and inhibit the activity of VEGF [249]. 

Bevacizumab (also known as Avastin®) is a recombinant humanized monoclonal antibody 

targeting VEGF, which has been licensed for the treatment of several common cancers, with 

modest activity reported in advanced melanoma [250]. Additionally, the off-target related 

toxicities of bevacizumab therapy (bleeding, hypertension and gastrointestinal perforations) 



have also been a major challenge [237]. A study conducted by Corrie et al. (2018) showed that 

while adjuvant bevacizumab improves disease-free interval in high-risk melanoma patients, it 

does not improve the 5-year overall survival rate [251]. In order to enhance the clinical benefits 

of this drug, combinational therapies with chemotherapeutic agents or targeting moieties 

specific for molecular targets overexpressed in diseased tissues (integrins and microRNAs), 

have been proposed [252]. More recently, the synergistic activity of ipilimumab and 

bevacizumab has been evaluated in metastatic melanoma and provides the basis for immune 

checkpoint and anti-angiogenic combination therapies [253]. Strengthened by new evidence 

from VEGF inhibition enhanced by PD-1 checkpoint blockade [254-256], we can speculate 

that the increase in anti-angiogenic combination therapies with checkpoint inhibition, will be 

gaining further momentum in the near future. 

 

Figure 1: Immunotherapies for skin cancer. A) Antibody-Drug Conjugates. Monoclonal 

antibodies (mAbs) armed with a chemotherapeutic payload are internalized by endocytosis.  

Lysosomal degradation results in the release of the active drug and subsequent cell death. B) 

Immunomodulators. Immune checkpoint inhibitors are mAbs that block the interaction of 

inhibitory receptors (PD-L1 and CTLA-4) to allow T-cell activation and subsequent 

elimination of tumor cells. The co-stimulatory interaction of CD80/CD86 with CD28 also 

further supports tumor cell death. C) Inhibition of pro-angiogenic factors such as VEGF 

enhances T-cell infiltration and activation and blocks immunosupressive cell populations such 

as dendritic cells, myeloid-derived suppressor cells, T regulatory (T-reg) cells. 



 

4.4 Photodynamic therapy treatment  

4.4.1 Mechanism of action 

Photodynamic therapy (PDT) is a successful and clinically approved therapeutic treatment used 

for the management of non-malignant  and neoplastic diseases  such as non-melanoma skin 

cancer [257, 258]. PDT is a minimally invasive two-stage therapeutic modality, involving 

topical or systemic administration of a light sensitive photosensitizer (PS) which is activated 

in tumor or tumorigenic cells using a visible light at a specific wavelength in the presence of 

molecular oxygen [257, 259]. Activation of the PS results in change from an unexcited ground 

state to an excited triplet state which leads to reactive oxygen species (ROS) production in the 

form of singlet oxygen (generated through PS direct energy transfer to molecular oxygen) or 

other oxygenated products (through superoxide anion radical interaction with oxygen) resulting 

in tumor destruction [260, 261]. It follows then, that the subcellular localization of the PS is 

particularly important, given that ROS production causes oxidization of biological molecules 

such as lipids, proteins and nucleic acids, resulting in different cell death modes [259, 262-

264]. PDT can be used either before or after chemotherapy, radiotherapy or surgery without 

compromising these therapeutic modalities. 

 

4.4.2 Photodynamic therapy treatment on skin cancers 

PDT is a favorable therapy which has proven to have negligible toxicity towards normal tissue, 

reduced systemic effects, and a scarcity of intrinsic or acquired resistance mechanisms [257, 

265, 266]. Clinically, PDT has shown the capacity to completely eradicate BCC tumor in 

95.4% of patients treated with methyl aminolevulinate (MAL) [267]. This study corroborated 

with multiple randomized multi-center trials reporting that MAL-PDT is as efficient as surgical 

excision (3 months post-treatment) and cryotherapy in treating superficial BCC (92.2 clinical 

lesion response vs 99.2% surgical treated group) [258]. Interestingly, Soler et al. (2013) have 

shown that MAL-PDT treatment increases efficacy to 95.83% and 95.65% in patients with 

nodular and superficial BCC, respectively, through repeated treatment cycles [258, 268, 269].  

Although PDT is associated with relapses, mainly due to the development of resistance, this 

form of therapy still has superior therapeutic and cosmetic benefits compared to surgical 

excision [258, 270, 271]. Also, the failure rates of PDT in the treatment of are attributable to 



genetic mutations which render cancer cells resistant to apoptosis, and subsequently enriching 

for resistant subtypes which are aggressive and mainly localized on the face [268, 270, 272]. 

Therefore, PDT should be used with caution for facial tumors [270]. It is important to note that 

various factors such as light penetration depth, availability of molecular oxygen and specific 

accumulation of PS within the tumor limit PDT efficacy [273]. For example, the poor intra-

tumoral accumulation of PS (1–2 mm) was reported to decrease PDT efficacy in thick tumors. 

To mitigate this, Gerritsen et al. (2009) used penetration enhancer dimethylsulphoxide 

(DMSO), which by altering the intercellular lipid of the stratum corneum, enhanced the intra-

tumoral internalization of the PS. Hence, pretreatment with DMSO led to a 75% response rate 

during ten years post-treatment of primary BCC patients treated with aminolevulinic acid 

(ALA) PDT (ALA-PDT) and curettage [274, 275]. Additionally, improved cosmesis was 

accompanied with reduction in tumor size when combining PDT with Mohs micrographic 

surgery [276, 277]. ALA-PDT however, is yet to be approved for invasive SCC due to the 

development of resistance resulting from increased PS efflux from tumor cells and 

overexpression of anti-apoptotic protein such as survivin [278]. Nevertheless, encouraging 

reports have shown ALA-PDT efficacy in inducing 73.2% and 53.6% complete responses three 

months and two years post-treatment, respectively [279]. Furthermore, Head et al. (2006) 

showed that hypericin, a natural PS which is biosynthesized within the dark glands of the petals 

and leaves of the St John’s Wort plant (Hypericum perforatum), could be used as a theranostic 

agent enabling SCC  diagnosis and destruction through the phototoxic effect of this 

phytocompound [280-282]. This observation was later supported by Sharma K.V et al. (2012), 

who showed that hypericin-activated PDT (HYP-PDT), could kill SCC via a necrotic caspase-

independent mode of cell death [280]. When used as an adjuvant therapy, ALA-PDT was able 

to synergistically sensitize chemoresistant SCC to cisplatin treatment, through decreased self-

renewal potential, tumorigenicity and expression of cancer stem cell (CSC) markers such as 

OCT-4, nanog, CD44 and ALDH1 [283]. 

However, in melanoma, which is considered to be one of the most unresponsive cancers to 

known therapies, the use of PDT as adjuvant therapy for the treatment of advanced stages 

metastasis was investigated and showed promising results [259, 284]. In 2004, Sheleg et al. 

reported that complete remission was achieved, with no recurrence on melanoma patients 

treated with a double exposure of Chlorin e6 (Ce6)+ PDT [285]. This was an interesting result 

which will necessitate further studies to clinically approve PDT as melanoma treatment option. 

PDT mainly causes tumor destruction by activating cell death mechanisms such as apoptosis 



[261, 286]. For instance, Saczko and colleagues (2005), showed that PDT, using the 

photosensitizer photofrin, induced apoptosis in 90% of melanoma cells, and that the efficacy 

of the therapy mainly relied on the PS concentration and time of exposure [286]. This was 

further confirmed by Robertson et al., 2010 and Li et al., 2018 who showed that the activation 

of 5-aminolevulinic-acid (5-ALA), metallophthalocyanine and chemically modified methylene 

blue (680nm and 630nm), resulted in the growth inhibition of melanoma cells through 

apoptosis activation [287-289]. Furthermore, PS subcellular localization was shown to dictate 

the mode of cell death activation According to Choramanska et al. (2012), photofrin was able 

to specifically induced apoptosis in Me45 melanoma cells, by localizing and disrupting the 

mitochondrial membrane upon activation [290]. This was supported by Davis et al., 2008 

report, demonstrating that apoptosis induction in non-pigmented melanoma cells, which 

intracellularly accumulated hypericin in mitochondria [291]. Conversely, this study showed 

that necrosis was induced in pigmented melanoma through melanosomal intracellular 

accumulation of hypericin [291]. Corroborating results from Kleemann et al., (2014) found 

that apoptosis was induced via both a caspase-dependent (in pigmented & unpigmented 

melanoma), and independent (in moderately pigmented melanoma) pathway which correlated 

with hypericin co-localization within the endoplasmic reticulum (ER), mitochondria, 

lysosomes and melanosomes [261]. Collectively, these results showed that hypericin-based 

PDT treatment induced different modes of cell death, depending on the cell types, pigmentation 

status and PS subcellular localization [261, 291].  According to these findings,  a necrotic cell 

death was activated in response to an HYP-PDT induced ROS production, which increased 

melanosomal membrane permeability, causing the  release of toxic melanogenesis by-products 

into the cytoplasm [291]. However, apoptosis induction (non-pigmented melanoma) was found 

to correlate with a disturbance of the mitochondrial tubular network or a loss of structural 

details of the ER, prompting cell surface translocation of damaged associated molecular pattern 

(DAMP) such as calreticulin (CRT) which in turn may activate an apoptotic dependent  

immune cell death [261, 292-294]. However, no structural modifications were observed in the 

lysosomes and melanosomes. This observation could well relate to an inherent cellular 

resistance mechanism to the PDT treatment, since both Sharma and Davids, 2011 and Chen et 

al., 2009 demonstrated the protective role of melanin and melanosomes to PDT and 

chemotherapy [295, 296]. The contribution of melanin in reducing PDT efficacy was 

elucidated by the ability of depigmentation (of pigmented melanoma cells) to sensitize 

previously PDT-resistant pigmented melanoma cells to HYP-PDT [295]. This was correlated 

with Nelson et al., (1988) who showed that mice bearing pigmented melanoma were less 



responsive to PDT than their unpigmented counterpart [297]. Therefore, efforts to circumvent 

this resistance led to the combination therapy of HYP-PDT with a chemotherapeutic drug such 

as temozolomide (dacarbazine analogue) or DTIC (dacarbazine) which successfully inhibited 

tumor growth potential on glioblastoma and melanoma cells [298, 299]. The rationale behind 

this therapeutic approach was to combine the oxidative (brought by HYP-PDT) and genotoxic 

stresses induced by each monotherapy (induced by DTIC or temozolomide) to overcome 

therapeutic resistance. This treatment modality (DTIC+ HYP-PDT) was more effective in 

killing human glioblastoma and melanoma cells than each monotherapy alone [298, 299]. It 

ensued that, DTIC+HY-PDT does not only improve the efficacy of the treatment, but offers 

possible reduction in chemotherapeutic doses, which will subsequently result in reduced side 

effects. Recently, Tudor et al. (2017) showed that combination therapy using a metal 

substituted phthalocyanine PS called Gallium phthalocyanine chloride (GaPc) and metformin 

synergistically killed pigmented melanoma cells through apoptosis and necrosis, as a resulted 

of an ehanced PDT-induced oxidative damage [300]. This PDT induced synergism was 

demonstrated by Lin et al., 2017, where HYP-PDT was able to sensitize oxaliplatin resistant 

colon cancer cells, to oxaliplatin-chemotherapeutic treatment through induction of an 

autophagic cell death mode [301]. Furthermore, Osiecka et al. (2012) found that combination 

therapy using levulan (Aminolevulinic acid HCL) and imiquimod (an immunomodulator 

priming the langherans cells to present the antigens to T-lymphocytes in peripheral lymph 

nodes) was  able to cure 75%  (18 out of 24 patients) of BCC treated patients, in comparison 

to levulan monotherapy which only cured 60% of patients (6 out of 10) [302].  Similarly, Anand 

et al., 2011; Anand et al., 2014 and Rollakanti et al., 2015 all  showed  that pre-incubation of 

SCC and BCC murine tumors with calcitriol (active form of Vitamin D3), significantly 

enhanced accumulation of PDT activated ALA-products protoporphyrin-IX (10 and 20 folds 

respectively) which was associated with greater tumor reduction [303-305]. These latter results 

were in accordance with previous reports showing the therapeutic synergism of etretinate 

(Vitamin A) or methotrexate (MTX) with 5-ALA-PDT in reducing SCC tumors in organotypic, 

chemically induced and subcutaneous implanted murine tumor models [306], [307]. Although 

combination therapies are advantageous over monotherapies, the long-lasting therapeutic 

effects should be assessed to avoid relapses. Interestingly, the trapping property of anticancer 

drugs by melanosomes in melanomas (Chen et al., 2009), could be attributed to the ABC 

transporter proteins, located in the melanosomal membrane which actively pump toxic 

substances into the melanosomes for neutralization, and thus reduce the effectiveness of the 

treatment [259, 296]. This subcellular localization and conservation of organelle membrane 



integrity is therefore important, as the leakage of the cytosolic constituents into the extracellular 

space upon necrotic cell death activation can result in a robust anti-tumor immune response 

[291, 308, 309]. In apoptosis, these cytosolic constituents will be sequestered by the intact 

membranes of apoptotic cells which are in turn phagocytosed by surrounding macrophages 

[310, 311].Additionally, studies on mice show that PDT may induce tumor-associated 

vasculature damage preventing metastases and consequently favoring tumor regression [312, 

313]. To date, targeting cancer cells using PDT modality, has relied on the passive 

accumulation of PS in tumor tissues, which might not lead to optimal dosage of PS in the tumor 

[314]. Therefore, PDT may damage healthy tissues by causing prolonged skin photosensitivity 

[315, 316]. Additionally, PDT efficacy might be poor as a result of limited tissue penetration 

of laser light within the tumor tissues, hypoxic tumor microenvironment and side effects [317-

319].   

4.4.3 Photoimmunotherapy and skin cancer 

Efforts to bypass the lack of specificity and efficacy associated with PDT have led to the 

development of a targeted therapy known as photoimmunotherapy (PIT), which consist of 

conjugating a light sensitive photosensitizer to an antibody [320-324]. Ultimately, targeted 

therapy with antibody drug conjugates aims to achieve high degrees of therapeutic activity, 

while sparing normal tissues from cytotoxic damage [322, 325-327]. 

This antibody photo-conjugate (APCs) uses the antibody as a carrier to specifically deliver 

cytotoxic molecules on the surface of cancer cells overexpressing the cognate antigen [328]. 

Once bound to its cell surface target, the APC exert it phototoxic effect after exposure to a 

specific wavelength of light [329].  This approach is essentially non-toxic to normal tissues by 

virtue of necessitating an extra step of light activation to become potent [330, 331]. In other 

words, the major feature of PIT in comparison to conventional therapies (eg. chemotherapy, 

radiotherapy) is the specificity for cancer cells and the localized killing effects to the irradiated 

tumor lesions.  

Attachment of the PS-drug to the mAb or antibody fragments is achieved through various 

methods of chemical conjugation. Such conjugation is accomplished through 2 broad methods: 

direct labelling of PS to the antibody or through indirect conjugation methods by the use of 

polymeric linkers. Sandland and Boyle (2019) in a recent comprehensive review provide an in-

depth description of commonly employed chemical methods for conjugation reactions that 



have been previously used to generate APCs for PIT. Some of the key factors that are essential 

for a conjugation reaction are that they must be feasible to be carried out solutions that are 

biologically compatible (such as buffered solutions). The reactions must also require minimal 

modification of the antibody/antibody fragment, with controlled and uniform stoichiometry of 

the PS being loaded on the antibody.  The conjugation should ultimately providing an end 

product with high yield that can easily purified without generating aggregates [332]. The list 

of challenges that need to be overcome to generate a pharmaceutically acceptable APC suitable 

for administration in patient tumors, and the criteria they need to fulfill, are further detailed by 

Hayley et al., (2013) [333].  

In the context of the success of using APCs being used to treat skin cancer, von Felbert et al. 

(2016) demonstrated the potential of a SNAP-tag based APC in specifically detecting and 

killing EGFR overexpressing skin cancer cells using a near infrared-dye (IR700) illuminated 

at 690nm [330]. This PIT was achieved using a self-labeling suicide enzyme known as SNAP-

tag (genetically fused to the single chain fragment of the antibody). This enzyme (SNAP-tag) 

is derived from an engineered version of the 20 kDa human DNA repair protein known as O(6)-

alkylguanine-DNA alkyltransferase (AGT) and is able to irreversibly conjugate any benzyl 

guanine modified substrate through a nucleophilic reaction with the thiol group of Cysteine 

145, within it active site [330, 334-339]. This SNAP-tag based conjugation reaction offers a 

unique site of conjugation that generates optimal stoichiometry ratios of antibody to cytotoxic 

payloads, which creates homogenous conjugates. This is an advantageous coupling strategy, 

when compared to conventional strategies producing heterogeneous conjugate mixtures with 

different pharmacokinetic behaviors generated through chemical conjugation (alkylation or 

acetylation) of lysine, or reduced inter-chain disulphide residues of cytotoxic payloads to the 

mAbs [191, 200, 340, 341]. Besides skin cancer, this PIT efficacy was illustrated in various 

cancers such as prostate, breast, liver and glioblastoma, through light induced oxidative damage 

of targeted cells caused by IR700-photoconjugate illumination [334, 342-346]. Recent 

preliminary results from a first-in-human phase I/II/III clinical trial of NIR-PIT targeting 

epidermal growth factor (EGFR) in patients with inoperable head and neck squamous cell 

cancer (HNSCC) using cetuximab-IR700 (RM1929) was performed and showed superior 

efficacy when compared to second- and third-line therapies which are used for recurrent 

HNSCC (https://clinicaltrials.gov/ct2/show/NCT03769506 ). PIT appears to be a promising 

cancer therapeutic approach, having the capacity to synergistically enhanced therapeutic 

https://clinicaltrials.gov/ct2/show/NCT03769506


treatment in eliminating therapeutic-resistant sub-populations, when combined with 

immunoblockade agent such as programed cell-death protein-1 (PD-1) [347].  

 

 
(B) 

 
Figure 2:  (A) An illustration of the steps involved in the targeted delivery of antibody 

photoconjugate (APC) to specifically detect and kill cancer cells. (1) A recombinant APC binds 

to the differentially expressed cell surface receptor on a diseased cell. (2) This leads to 

internalization of the antigen-antibody complex. (3) The Internalized APC is then cleaved in 

specific cellular compartments where the effector molecule is released. The effector molecule 

can be activated by a specific wavelength of light as exemplified by the use of IR700 activated 

compound. Depending on their use, the activated effector molecules can be used for (4) 



diagnostic use through florescence imaging or (5) to deliver a photo-activatable cytotoxic 

payload that causes (6) cell death in the diseased cell.  

(B) The chemical structure of the near infrared dye IR700. 

 

4.5 Image guided surgery 

Although NIR-dyes (eg: IR700) result in tumor destruction, they can also be harnessed against 

cancer when used as a diagnostic or imaging agent enabling image guided surgery. Surgical 

therapy is the primary first line approach for cancer treatment, which largely relies on the 

subjective detection of the tumor by the surgeon based on appearance and palpation [348]. 

Thus, the efficacy of cancer surgery depends on visual spatial ability and manual dexterity of 

the surgeon to distinguish between the malignant tissue to be resected from healthy tissue [348, 

349]. Failure to discriminate between malignant and healthy tissue types, may lead to 

unnecessary removal of healthy tissue and/or leave residual tumor cells which may cause 

relapse. This incomplete eradication of malignant tissue has led to 20-30% tumor recurrence 

after surgical resection, which subsequently led to cancer metastasis [350, 351]. Consequently, 

efforts to improve surgical resection and patient’s prognosis, have focused on maximizing 

tumor removal; minimizing peritumoral damage to the neighboring normal tissues and shorten 

surgical time and anesthetic agent usage [352-354]. To improve tumor detection sensitivity and 

reduce residual malignant cells, optical imaging techniques known as image guided surgery 

(IGS) was developed with the aim to provide real-time tumor visualization and achieve 

complete tumor eradication [349, 355, 356]. This IGS mainly relies on specific accumulation 

of a NIR fluorescent contrast agent or dye within the tumor and an intraoperative imaging 

system to visualize the otherwise invisible contrast agent during surgery. IGS is performed 

using unique NIR-contrast agents such as indocyanine green (ICG: 800nm detection 

wavelength) and Methylene blue (MB: 686 nm). Many newer NIR contrast agents such as 5-

ALA (through Protoporphyrin IX, PpIX)) and IR700 fluoresces at about 700nm, under NIR 

light [355, 357, 358]. This is especially useful during surgery when tumor containing NIR-

contrast agents can only be visualized using specialized camera systems or goggles 

concomitantly providing images with NIR fluorescence for specific structures alongside white 

light for correlation with normal surgical anatomy [359]. These NIR- contrast agents are of 

particular interest, as they enable deeper tissue structures visualization (from millimeters to 

centimeters deep) and low autofluorescence resulting from their long light emission 



wavelengths (700-900nm) [360]. Nevertheless, multiple physicochemical properties such as 

the concentration-dependent aggregation, the poor aqueous stability, the nonspecific binding 

to proteins, and the lack of targeting specificity of NIR contrast agent such as ICG has limited 

the efficacy of this dye. Also, these properties cause a quick clearance of ICG by liver resulting 

in a short half-life [348, 361]. Ideally, the best NIR contrast agent should possess the following 

properties: high tumor accumulation, reduce background to tumor ratio and systemic toxicity, 

low production cost, photostable under common storage and usage conditions, and easily to 

apply. An attempt to connect these desirable characteristics was firstly made by Folli et al. 

(1992) who used carcinoembryonic antigen-targeted antibodies labeled with fluorescein to 

visualize colorectal carcinomas in vivo [362]. This targeted approach is of relevance, as it 

increases the cancer specific signals and reduces post-treatment recurrences. Additional studies 

were prompted by Kampmeier et al. (2010) and van Dam and colleagues (2012) who 

respectively showed the efficacy of EGFR antibody fusion protein using 747nm NIR dye and 

folate conjugated to fluorescein in visualization pancreatic and ovarian cancer cells during 

intraoperative debulking surgery [189, 354]. These new APCs have repurposed NIR-dyes for 

the field of photoimmunotheranostic, enabling dual diagnosis and treatment of a tumor. [331, 

334, 343, 358]. 

5. CONCLUSIONS 
 

Due to the limitations in the current anatomical diagnostic techniques and equivocal consensus 

in correct diagnosis, a disease that is otherwise almost entirely curable through early detection 

and proper treatment, still poses a significant concern to public health and socio-economy. The 

use of ADCs show very promising results for skin cancer detection through targeted use of 

imaging probes for improved diagnosis.  Also, the targeted delivery of immunotoxin to cancer 

cells and use of photoimmunotherapy have also begun to increase the repertoire of approaches 

that can be used to treat the disease. ADCs thus can be used to improve diagnostic and 

therapeutic methods that will not only augment surgical intervention, but also improve the 

specificity of drug delivery to cancer cells, ultimately sparing the off-target effects of cytotoxic 

agents against healthy cells. The benefits of using ADCs thus warrant further research to make 

their use more efficient, cost-effective and apposite.  

 



6. LIST OF ABBREVIATIONS 
 

5-ALA 5-aminolevulinic-acid  
ABC adenosine triphosphate-binding cassette  
ADC antibody drug conjugates  
AFX atypical fibroxanthoma  
AGT O(6)-alkylguanine-DNA 

alkyltransferase 
APCs antigen-presenting cells  
APCs antibody photoconjugates  
BCC basal cell carcinoma 
BiTE bispecific T cell–engaging antibody  
bsAbs bispecific antibodies  
bSCC basaloid squamous cell carcinoma  
Ce6  chlorin e6 
CRT calreticulin 
CSC cancer stem cell  
cSCC cutaneous squamous cell carcinoma  
CSPG4 chondroitin sulfate proteoglycan 4  
CTLA-4 cytotoxic T lymphocyte-associated protein  
DAMP damaged associated molecular pattern  
DAR drug to antibody ratio  
DM1 maytansinoid 
DMSO dimethylsulphoxide 
DTIC dacarbazine 
DVDM sinoporphyrin sodium  
EDNBR endothelin B receptor  
EMA epithelial membrane antigen  
EpCAM epithelial-glycoprotein-adhesion-molecules 
ER endoplasmic reticulum  
FDA 
FGFR1 

Food and Drug Administration  
Fibroblast growth receptor 1 

GPNMB glycoprotein NMB  
HLA human leukocyte antigen  
HNSCC head and neck squamous cell cancer  
HYP-PDT hypericin-activated PDT  
IFN-α interferon-alpha  
IFN-γ  interferon-gamma 
IGS image guided surgery  
IL-2 interleukin-2  
mAb monoclonal antibody 
MAC microcystic adnexal carcinoma  
MAL methyl aminolevulinate 
MB Methylene blue  
MDR multidrug resistance  
MMAE monomethylauristatin E  
NIR near infra-red  
NK natural killer  



NMSC non-melanoma skin cancers 
P1GF placental growth factor  
PD1 programmed cell death 1  
PDGF platelet-derived growth factor  
PD-L1 programmed cell death ligand 1  
PDT photodynamic therapy  
PPIX Protoporphyrin IX 
PIT photoimmunotheranostic treatment  
PS photosensitizer 
ROS reactive oxygen species  
SCC squamous cell carcinoma  
scFV single chain fragment variable regions  
TAA tumor associated antigens  
T-DM1 ado-trastuzumab emtasine  
UV ultraviolet 
UV-A ultraviolet radiation A  
vc valine-citrulline  
VEGF vascular endothelial growth factor  
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