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Abstract 

Malignant melanoma is a cancer that has recently increased in annual incidence due to 

increased exposure to the sun. Melanoma occurs when the melanocytes, or pigment-producing 

cells in the skin start growing and dividing abnormally, which forms a tumor and can turn lethal 

if it undergoes a metastatic event and spreads to other parts of the body. With massive strides in 

oncological research, melanoma has been a cancer that has become easier to detect, diagnose, 

and has many more treatment options than it did in the past. While options of treatment such as 

surgery, radiotherapy, and chemotherapy remain consistently effective, a new wave of treatment 

technology has come to the forefront of cancer research. Immunotherapy utilizes one’s 

individual immune system by targeting lymphocytes to elicit a strong immune response that will 

attack cancerous cells. There are many components to immunotherapeutic techniques and in this 

review, the best components will be predicted as to how effective they would be in amplifying 

the immune response. Immunotherapy shows hopeful outcomes as of now, but in the future, 

there are some challenges that it might face, but nothing that it cannot potentially overcome. 
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Process Analysis Statement 

For my thesis, I approached my topic of immunotherapy and melanoma with questions 

that I wanted to find the answers to. I had previously taken a course that revolved around the idea 

of cancer biology. I was absolutely fascinated with the course content, and if it was possible, I 

would have taken great pleasure in continuing the course for another semester with additional 

information. I was particularly inspired when the treatment section of the course was brought up 

and Immunotherapy was far down on the list, but nevertheless there was an option. I wanted to 

know more about the actual mechanism of how immunotherapeutic drugs caused cancer cell 

death. The reason that I was interested in researching melanoma is that around five years ago, my 

father was diagnosed with Stage III melanoma. It was a difficult time for him and for our family, 

but with his doctor’s wise choice of using immunotherapy as an adjuvant treatment along with 

chemotherapy, he has been cancer free for three years. The magic of modern medicine and the 

constant advances in oncological medicine inspired me to pursue these topics and intertwine 

them into making my thesis. 

As for performing the research to gain more knowledge on immunotherapy and how it 

pertains to present and future treatment of melanoma, I considered multiple different sources. I 

mainly utilized primary sources such as journal articles, peer-reviewed articles, and I did choose 

a few books from the Ball State Library to assist me on my endeavor. In addition to searching 

countless hours for valuable and specific primary sources, I also utilized information from 

current immunotherapeutic drug websites. These were particularly helpful in that they assisted 

my knowledge in how current clinical trials were being carried out, and it also provided me with 

results and future directions that those medications were taking. 

There are some goals for this thesis that I have set in place while performing research and 

writing. One goal for this thesis that I kept in mind while writing it out was that I hope it sparks 
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curiosity in the unknown. Sometimes, people become apprehensive of ideas they are uncertain 

about or that they do not have a lot of knowledge about. Curiosity is what fuels scientific 

research and leads us to discoveries that would not have been possible without that spark of 

curiosity. Another goal that I have for this thesis is that I hope it can be utilized by scientists that 

engineer immunotherapeutic drugs. I hope that some ideas that potential targets that I have 

provided could give them ideas of targets that they could try next. One final goal that I have for 

this thesis is that I hope it provides education about the dangers of cancer, especially melanoma. 

Cancer is an unpredictable disease and draws its power from uncertainty. It is important that 

while some things are just unpreventable, such as random mutations, there are many ways that 

we can prevent our risk of cancer, and can make healthy, conscious decisions regarding our 

overall health and wellness. 

         This thesis adds to existing knowledge about immunotherapy and reinforces the progress 

that has been made. The research that was performed in this thesis also showed the future 

directions that immunotherapy might take, but also presented challenges that it might face. In the 

scientific community, curiosity flourishes and throughout the next fifty years, I am certain that 

immunotherapy will find its way over the hurdles and will become a more personalized treatment 

for individuals that suffer from cancer and other dangerous diseases. 
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Introduction 

Throughout time, cancer has been one of the deadliest diseases that continues to take a 

significant toll on the lives of millions of people. In the United States, cancer is the second most 

frequent cause of death and in 2020, over 600,000 deaths were caused by various forms of cancer 

(1). Unfortunately, cancer is a disease that is extremely difficult to detect, diagnose, and treat. 

Cancer is an exceptionally deceptive disease, and cancerous cells can mask their impact until 

they are able to spread. Once this spreading, or metastasis, occurs the situation becomes 

increasingly difficult to manage. Many different factors can potentially play a role in the 

development and progression of cancer in an individual. In this review, the cancer that I am 

choosing to look at through a multidimensional lens is melanoma, the deadliest skin cancer. This 

cancer develops in melanocytes, which are responsible for producing pigment in the skin. 

According to the American Cancer Society, it is estimated that in 2022, there will be 99,000 new 

cases of melanoma and a projected 7,600 deaths will occur because of malignant melanoma (2). 

Furthermore, I am looking into skin cancer because it holds significant value to me and my 

family. In 2017, my dad had unknowingly developed stage 3B melanoma and had to undergo 

numerous amounts of chemotherapy and surgery. He has since fully recovered and continues to 

have yearly check-ups to track his recovery. This cancer is one that I wanted to look into further, 

especially examining treatment and detection opportunities that could arise in the future. 

Melanoma is a cancer that has several risk factors, and these risk factors play a role in the 

potential development and progression of the proliferation of abnormal, cancerous cells.   

Environmental factors and genetic factors can heavily influence an individual’s risk of 

developing cancer of any type. One particular environmental factor that plays a major role in the 

development of melanoma is UV light. UV light can interact with our skin indirectly via 

absorption through melanin (12). It can also directly interact with our DNA by absorbing the 
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energy from the UV light, which can lead to mutations such as point mutation that results in the 

swap of two different base pairs that can cause cancer to develop (12). In addition to 

environmental factors, there are a few known genetic factors that occasionally play a role in the 

development of melanoma. The CDKN2a gene is a human gene that provides instructions for 

making several proteins including tumor suppressor proteins that interfere with the proliferation 

of cells (27). When this gene is mutated, there is an increased chance of occurrence of melanoma 

by increasing transcription of the gene which would result in malformed proteins that did not 

function correctly (27). A mutated CDKN2a gene can also contribute to other cancers such as 

pancreatic cancer and a tumor of the central nervous system (27). In addition to the inheritance 

of a mutated gene, individuals that have preexisting genetic conditions, such as xeroderma 

pigmentosum, Li-Fraumeni syndrome, and retinoblastoma are at a much higher risk of 

developing melanoma later in life (7). 

         While mainly environmental and genetic factors contribute to the development of 

melanoma in an individual, lifestyle choices can also lead to detrimental consequences. The sun 

provides light, warmth, vitamins, and an overall improvement of mental health. Although the sun 

can provide potential benefits, it can also cause extreme harm to an individual and increase one’s 

chance of developing melanoma. Tanning is a popular trend in societies where the majority of 

individuals are fair skinned. Tanned skin is considered “appealing,” but the continuous act of 

tanning puts an individual at an increased risk for developing melanoma (9). These factors have 

the potential to alter the DNA that is responsible for regulating normal cellular processes such as 

cell cycle progression, apoptosis, transcription, and many others. When a component of these 

processes is mutated and not corrected, irregular proliferation of cells begins to occur. When this 

excessive proliferation of mutated cells occurs, they begin to either form tumors and not long 

after, can metastasize and travel to different parts of the body. To look into the overall 
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destruction that this cancer can cause, it is important to investigate the regulatory pathways that 

have gone awry due to mutational errors. If a source of error or change can be identified, it is 

possible that those targets can be used to create new detection and treatment technologies. 

Many technologies are undergoing continuous research and trials to aid in the detection, 

diagnosis, and treatment of melanoma. According to the Mayo Clinic, the best way to detect 

melanoma would include some sort of physical examination, whether that be a biopsy or using a 

technique such as the ABCDE technique to determine abnormalities of the suspected area (11). 

Unlike internal cancers, such as lung and colorectal cancers, melanoma can be better detected on 

the surface of the skin and can be seen by the naked eye. Although physical examination of an 

abnormal area can greatly increase a quicker diagnosis, there might be other internal ways used 

to identify potentially aberrant cell growth. As part of this review, external and internal 

biomarkers that are typically used to detect melanoma will be identified. With that knowledge, it 

would be pertinent to further explore other options that might have an impact on the detection of 

malignant melanoma. 

Once detection and diagnosis have been assigned, it is important for an individual that 

has malignant melanoma to undergo treatment to attempt and eradicate the cancer from the body. 

There are many treatment options for individuals with melanoma, but one option that has 

become increasingly effective is immunotherapy. Immunotherapy is a type of treatment that 

stimulates one’s own immune system to fight against cancerous cells (3). Immunotherapy has 

become a popular adjuvant therapy and has shown effective results in clinical trials. Not only is 

it important to investigate the targets that are already being addressed by current immunotherapy 

methods, but it is also crucial to look into potential targets that have not been used yet in order to 

predict how effective treatments might be. 
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By looking into the intricate mechanisms that lead to the development of melanoma, it 

provides the ability to pinpoint where mutations have occurred and where regulation has gone 

wrong. By pinpointing targets that may or may not have been used in the detection, diagnosis, 

and treatment of melanoma, these targets might provide insight and give researchers a better idea 

of potential new targets that can be used in creating more effective treatments and technologies. 

  

Background 

History of Skin Cancer 

The earliest descriptions of malignant melanoma date all the way back to the writings of 

Hippocrates who lived from 460-375 BCE (4). It was not until the early 19th century that 

“malignant lesions of the skin” were being documented more frequently (4). Throughout the 

1800’s, important discoveries such as the first genetic documentation by Norris occurred around 

1820 (4). The English doctor made several important observations, including evidence of 

metastasis to the abdomen of a patient, and noting that some aspects of melanoma had heritable 

factors (5). The first excision procedure was performed in 1858 by Pemberton, who conducted a 

“wide and deep radical excision” to remove the malignant tumor and much of the normal tissue 

surrounding the area. This procedure provided a solid foundation in melanoma surgery, and it 

also inspired a procedure that involved the extraction of the lymph nodes that surrounded the 

affected area. Also, there have been crucial advancements in prognostic measurements. In 1966, 

Wallace Clark devised a standard scale to measure the histological impact and depth of the 

infected area of the skin (5). Many remarkable observations have been made in the past, and 

these observations have helped to greatly expand the knowledge and awareness of melanoma. 
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Epidemiology 

The incidence of melanoma has greatly increased throughout time. According to the 

American Cancer Society, although melanoma accounts for only 1% of skin cancers, it causes 

the majority of deaths related to skin cancer. Over the past few decades, the incidence for 

melanoma has greatly increased due to the popularity of sun exposure and its effects on the skin. 

The incidence of melanoma can be broken up into five major categories: race, geography, age, 

sex, and anatomic distribution (6). According to an observation by Matthews et al. (6), it was 

determined that fair-skinned Caucasian populations were disproportionately affected by 

melanoma compared to populations where the majority identify as people of color (6). This 

observation is due to the “decreased photoprotection” from the severely low amounts of melanin 

that is produced by melanocytes in fair-skinned individuals (6). Geographic location can also 

affect melanoma incidence depending on the position of the sun, altitude, and weather patterns. 

Furthermore, the trend of melanoma as people age displays a peak around 70 years of life (6). In 

the United States, individuals that are between the ages of 55 and 75 account for almost 45% of 

all cases of melanoma (6). Also, melanoma is found to disproportionately affect women at the 

adolescent/young adult age, but after the age of 40, the roles are reversed, and men are more 

affected by melanoma than women (6). In reference to anatomic incidence, melanoma is more 

likely to develop on the lower half of the body and for men, melanoma is more likely to develop 

on the head, neck, shoulders, and upper back. There are many different ways that an individual 

can be at an increased risk for melanoma depending on age, location, gender, and many other 

identities that one may hold. 

Risk Factors    

Developing melanoma can be the result of the influence of carcinogens, such as UV light 

and other DNA damaging factors. The UV light can directly or indirectly influence DNA, but 
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either way can cause serious harm to a healthy cell (12). For example, increased exposure to UV 

light without proper protection will greatly increase an individual’s chance of developing 

melanoma. Another risk factor that goes hand in hand with UV exposure is a history of severe 

sunburns. After one or more severe sunburns that lead to blistering and potential sun poisoning 

the incidence of melanoma can greatly increase (11). Other risk factors include how close an 

individual lives to the equator and at what elevation they reside at. Being closer to the sun and 

having prolonged exposure can allow UV light to have better access to the skin and can cause 

abnormalities in melanocytes. One factor that is outside of an individual’s control is if they have 

an increased number of moles or have several abnormal moles appear throughout their life (11). 

An additional risk factor that can influence the progression of melanoma is a weakened immune 

system, whether that involves a suppression of the immune system or an autoimmune disorder 

that extremely weakens the immune system from fighting against melanoma. 

Biomarkers 

Detection, diagnosis, and survival rates have been greatly improved over the years due to 

the expansive amount of knowledge that has been gained about melanoma and the signs that 

determine its presence. One major category of methods that have contributed to this increase of 

knowledge are classes of measurements known as biomarkers. According to the FDA, the 

definition of a biomarker is “a defined characteristic that is measured as an indicator of normal 

biological processes, pathogenic processes, or responses to exposure or intervention, including 

therapeutic interventions” (16). Biomarkers are a set of robust tools that provide insight into an 

individual’s medical condition, and they are particularly helpful in identifying abnormalities in 

cells that can point a medical professional towards a cancer diagnosis. There are four different 

types of biomarkers that are used to help identify potential issues that could lead to the 

development of cancer. These types of biomarkers are molecular, histological, radiographic, and 



 9 

physiological (16). Molecular biomarkers are non-imaging biomarkers that travel through 

mediums like plasma and cerebro-spinal fluid (16). Histological biomarkers are able to 

differentiate cell types (16). Measurements as simple as blood pressure, which is an example of a 

physiological biomarker, or radiographic biomarkers such as tumor size, are indicative 

measurements that are used to determine a patient's current condition and can lead them to a 

proper diagnosis and correct treatment methods (16). While there are different types of 

biomarkers, these “types” fall into different classes of biomarkers. The most commonly known 

classes of biomarkers are prognostic and diagnostic. Prognostic biomarkers help specify the 

likelihood of a future event and disease recurrence or progression (16). Diagnostic biomarkers 

are utilized in making a diagnosis for a patient, and multiple diagnostic biomarkers might have to 

be used in order to reach a diagnosis (10). Some specific biomarkers that are utilized in primary 

melanoma are P-mel and Melan-A (10) Pmel is involved with the polymerization of melanin, 

which is the darkest pigment that makes up melanin, and when overexpressed, P-mel can detect 

the overcompensation while Melan-A regulates expression of Pmel (10). Both classes of 

biomarkers have been utilized especially in the detection, diagnosis, and prognosis in melanoma, 

and current research is still investigating additional types of biomarkers that will help individuals 

receive a diagnosis through a variety of different detection methods. 

Detection and Diagnosis 

Although melanoma can have negative consequences when aberrant melanocytes 

proliferate and metastasize, it can also be the easiest cancer to detect. Most signs of melanoma 

include abnormal moles, lesions, and other wounds on the surface of the skin. Although common 

areas such as the back, legs, arms, and face are the most likely to show evidence of melanoma, 

places on the body such as the scalp, soles of the feet, under the fingernail, in the eye, the 

digestive tract and genital areas can also be susceptible to melanoma growth (11). For non-
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hidden moles, the easiest and least invasive way to detect if an individual has melanoma is to use 

the ABCDE method of assessment. The method includes assessing the shape, border, color, 

diameter, and evolution of a mole. It is helpful in letting an individual know if they should have 

the mole looked at by a medical professional (11). In addition to visually assessing a mole for 

abnormalities, there are diagnostic procedures available to verify the individual’s status. There 

are two biopsy procedures, excisional and punch biopsies, that involve the removal and testing of 

tissue in order to determine the extent of melanoma (11). If visual examination and tissue 

removal do not lead to a clear and concise diagnosis, there is one more method that can be used 

to provide a diagnosis. Melanoma can appear as a variety of variant tumors including 

carcinomas, lymphomas, sarcomas, and neuroendocrine tumors (10). One way to identify the 

specific tumors is to utilize the capability of diagnostic immunohistochemical biomarkers such as 

HMB-45, tyrosinase, and microphthalmia transcription factor in order to make a definite 

diagnosis (10). These biomarkers play a role in regulating the cell cycle, producing melanocytes, 

and stabilizing interactions (10). After identification of melanoma, it is important to test for 

metastasis. Melanoma travels fastest via lymph nodes, and it is crucial to identify any 

abnormalities that might be present in proximal lymph nodes These abnormalities are the result 

of metastatic activity and should be removed and treated as soon as possible. 

Staging and prognosis 

Similar to many other cancers, the American Joint Committee on Cancer recommends 

that a TNM system be used to stage the progression of melanoma. TNM are three key categories 

that represent tumor thickness and ulceration, nodal involvement, and metastasis (13). For 

melanoma, there are five stages starting with 0 and ending at 4. Stage 3 has four substages, A 

through D (13). Tumor size and thickness increases throughout the stages but has the potential to 

vary. Lymph node involvement begins at stage 3 and increases throughout the stages. Metastasis 
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is only present in stage 4 when the cancer has spread to distant lymph nodes or the brain, lungs, 

and liver (13). After the important steps of detection, diagnosis, and staging, it is important for an 

individual to be made aware of the prognosis of their condition. From the time of initial 

diagnosis, the five-year survival rate of individuals with melanoma that has not metastasized to 

other parts of the body is 93%, which is a high survival rate compared to cancers such as 

pancreatic, lung, and colorectal cancers (14). For individuals where melanoma has metastasized 

to other lymph nodes, the five-year survival rate is 68% (14). These numbers vary from 

individual to individual and overall, the survival rates have increased with new technology and 

health education. Survival rates can also be heavily influenced by different treatment regimens 

that everyone receives based on the severity of their case. 

Treatments 

In the specific case of melanoma, there are four commonly used treatments that can be 

used in combination with each other or separately, depending on the severity of an individual’s 

case. Since the majority of melanomas can be found on the surface with the naked eye, surgery is 

the most common form of removal of the tumor due to its visibility and easy accessibility (17). A 

wide excision procedure involves the removal of the tumor and a small area of tissue that 

surrounds it, which is referred to as the surgical margin (17). Depending on how thick the tumor 

is, the margin that is removed must be increased to prevent regrowth. Additionally, the removal 

of surrounding lymph nodes works in tandem with the wide excision procedure to prevent 

metastatic activity (17). Surgery has the benefit of direct removal of the tumor and its margins, 

but there are also some disadvantages to using surgery as treatment. For most cases, surgery is 

only beneficial when an individual is diagnosed and treated in the earlier stages of melanoma, 

such as stages 1, 2A, and 2B (17). If the melanoma starts displaying metastatic activity, it is 

particularly difficult to pinpoint where the metastasis is occurring. Even if it is pinpointed, 
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surgery might not be a viable option, or in severe cases, the tumor may have metastasized to 

multiple parts of the body (17). Surgery is mainly a primary treatment for melanoma, but other 

treatments such as chemotherapy and radiotherapy could also aid in the shrinking of tumors. 

As cancer treatments, chemotherapy and radiotherapy treatment techniques have been 

around for a long time. Chemotherapy involves the killing of cancer cells via intravenous 

injection or oral options. In the case of melanoma, chemotherapy is often used as a last resort 

treatment as it can help control cancer cell growth when there is a metastatic event (18). 

Chemotherapy drugs can travel throughout the body, which makes them superior in targeting and 

killing metastatic cancer cells. Some chemotherapy drugs that are used to treat melanoma are 

Cisplatin, Dacarbazine, Temozolomide, and Paclitaxel (18). These drugs can either be used 

individually or in a combination. Alongside chemotherapy, Radiotherapy is a technique that 

utilizes high energy rays such as x-rays to kill cancer cells (19). Although radiation is not a 

commonly used treatment for melanoma, it can be useful in certain situations. Radiation is 

occasionally used after surgery to help remove the tumor and surrounding lymph nodes, which 

can help prevent tumor resurfacing and can help prevent a metastatic event from occurring (19). 

Radiation is also helpful when a metastatic event has occurred and is causing painful symptoms 

that an individual especially experiences in the brain and in their bones (19).  Radiation can be 

used to help suppress some of those painful symptoms associated with melanoma, but it is not 

considered a cure (19). Surgery, chemotherapy, and radiation have provided treatment options 

for quite some time, but they all have one disadvantage in common: they are non-selective (20). 

These different treatments are equitably effective at killing cancer cells, but they lack the ability 

to differentiate cancer cells from normal, healthy cells (20). This flaw leaves healthy cells 

damaged and unable to proliferate, which can cause problems for healthy tissue regrowth after 

cancer cell invasion (20). While surgery provides a primary avenue for treatment, and 
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chemotherapy and radiation methods are useful secondary treatments, there is one more 

therapeutic method that has been recently discovered to better target cancer cells. 

History of Immunotherapy 

Immunotherapy is a relatively recent discovery, with evidence of only being around for 

just a few decades. Although documented scientific literature supports this claim, there is 

evidence of crude immunotherapy trials dating back much earlier than just a few decades ago. 

While these connections were not well documented, there have been reports of tumors 

disappearing after infection, which displayed a potential relationship between cancer and 

inflammation (21). The next advancements in immunotherapy were documented in the late 

1800’s by William Coley, who is referred to as the Father of Immunotherapy (21). After doing 

an extensive amount of his own research, patients were injected with different strains of live and 

inactive forms of Streptococcus pyogenes and Serratia marcescens, which are infectious bacteria 

(21).  He unknowing created the first immune-based cancer treatment through his successful 

trials, but unfortunately, this did not impress anyone (21). Coley was not held in the highest 

regard among the scientific community. Other scientists considered his willingness to inject 

patients with potentially harmful bacteria and his lack of presenting a mechanism for this 

treatment dangerous and dismissed his efforts (21). However, a resurgence of interest in the 

immune system and its benefits came in the mid 1940’s when Ruth and John Grahams developed 

the first cancer vaccine (21). This discovery went largely unnoticed, but in the 1980’s when a 

single cell surface antigen-based vaccine came out that helped prevent Hepatitis B, 

immunotherapy efforts soared and propelled the field into the research and trials that are being 

done today (21). With what started in the roots of a cancer vaccine, immunotherapy has quickly 

made its mark as a way to utilize the body’s own immune system in the creation of monoclonal 

antibodies to fight cancer. 
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Monoclonal Antibodies 

Antibodies were discovered around 1890 due to the efforts of Emil von Behring and 

Kitasato Shibasaburo and have since been implemented in treating a wide variety of diseases 

including cancer (21). Antibodies have multiple purposes, but they primarily serve to either 

prevent attachment of another antibody to the target antigen or by binding to an antigen and 

tagging it for destruction. Antibodies play a role in immune system signaling, whether they 

interrupt the signal or produce a signal to allow the immune response to begin, continue, or end 

(21). Monoclonal antibodies are composed of one targeted antibody and are cloned by the 

thousands to produce an effect (21). Through research that was carried out through the 1980’s, 

the first monoclonal antibody to receive FDA approval was created in 1997. Rituximab can 

target immature B-cells to be eliminated by natural killer cells. These cells play a large role in 

the immune system and help remove abnormal cells from the body (21). The most relevant types 

of monoclonal antibodies are ones that involve checkpoint inhibitors that regulate the cell cycle 

and through my exploration, I will examine what goes into the process of making a monoclonal 

antibody, examining clinical trials for the existing monoclonal antibodies, and then will propose 

a potential target that could provide some insights of just how impactful monoclonal antibodies 

are in the treatment of melanoma 

 

Exploration: Targets and Functions of Immunotherapy 

Introduction 

In this exploration, I will be investigating the versatility and longevity of monoclonal antibodies 

through multiple lenses. I will investigate how the immune system functions, how cancer cells 

evade its attack, and how monoclonal antibodies function in relation to their correlation with 

antigens. After examination of the immune system, there will be transition to current 
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immunotherapeutic efforts today and current clinical trials, whether they be ongoing, complete, 

or have just begun. After assessing current trials, I will be able to start gathering information and 

will put together what goes into making a monoclonal antibody such as finding a target and 

choosing a function. After explaining the process, I hope to display what has been done and what 

can be done. I want to provide a potential formula (target and function) for a biomarker that 

could be produced in the future to confront and destroy melanoma-involved cells. There is the 

potential that I will propose something that could be in development, but I hope that the analysis 

will help propel that research forward into potential clinical trials. 

  

The Immune System 

To understand how monoclonal antibodies function in the fight against cancer, 

specifically melanoma, it is important to first have a better grasp of the immune system and how 

cancer cells are able to disguise themselves from being detected. The immune system is a 

complex and robust system that has multiple components that comprise it. There are a variety of 

different cells that either circulate throughout the body, such as white blood cells, or remain in a 

specific tissue such as lymphocytes (22). These cells can provoke reactions, such as an 

inflammatory response, communicate with other cells for recruitment, and provide signals for 

when a problem arises in the body (22). The immune system revolves around two different 

proteins: antigens and antibodies. An antigen is a protein that is produced by a cell that can 

trigger an immune response (25). An antibody is a y-shaped protein that is produced by B-cells 

and plays a major role in the immune system. Antibodies are produced and replicated in response 

to exposure to an antigen (25). Immunoglobulins (IgGs) are the most common type of antibodies 

that circulate through the blood (25). The immune system can differentiate between healthy cells 

and abnormal cells as well as determine whether abnormal cells are caused by infection or by 
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non-infectious agents that lead to cancer (22). Unfortunately, cancer cells are almost unstoppable 

against immune cells, especially when the cancer becomes metastatic and begins to move to 

different parts of the body (23). Cancer cells constantly undergo genotypic evolution, and this 

gives them a significant proliferative advantage over the immune system (23). Cancer cells, just 

like any other cell, can produce antigens that dampen the immune response or potentially 

eliminate immune system involvement altogether (24).  

While this is a primary method of action via cancer cells, more research has shown that 

there are different ways in which cancer cells can evade the immune response. Research 

performed by Dr. Hae Lin Jang and Dr. Shiladitya Sengupta found that when T-cells, which help 

fight against infection, interact with cancer cells via nanotube extensions, the cancer cells 

“absorb” the energy from the T-cells (24). The results from the study showed a depletion in T-

cell counts while cancer cells began to produce more energy (24). They found that there was a 

one-way transfer of mitochondria from the T-cells to the cancer cells via the nanotube extension 

(24). These methods of how cancer cells weaken the immune response are constantly being 

studied and with more information, this should lead to a better understanding of how the immune 

response can be utilized to fight cancer cells. With this understanding, it is now possible to look 

into how monoclonal antibodies are currently being used in research and clinical trials. 

  

How does a monoclonal antibody function? 

The immune system has many different components, such as T-cells and B-cells that play 

a vital role in contributing to the proper functioning of the body. Before these cells can create 

products and/or launch an attack on foreign invaders, a step-by-step process must occur. If an 

antigen is presented on the surface of a foreign cell, a specific antibody non covalently binds 

with that specific antigen (25). Once this binding occurs, the immune response is triggered and 
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recruits more antibodies to bind to these antigens (25). Monoclonal antibodies are artificially 

engineered in a lab and are created to have one target and are replicated thousands of times. With 

a mass number of antibodies produced to single out a specific target, these antibodies can have 

multiple different functions, and can simultaneously function in a vast number of ways (26). One 

way in which monoclonal antibodies can function is that they are able to flag cancer cells (26). 

By coating cancer cells with thousands of monoclonal antibodies, the immune system is more 

likely to detect and destroy those cells. Another way in which monoclonal antibodies function is 

by blocking growth. Monoclonal antibodies can be specifically programmed to target antigens 

that assist to block many types of growth including new cell growth and new blood vessel 

growth (26). Monoclonal antibodies can also target immune system inhibitors, such as PD-1 

which is found on T-cells and cell cycle modulators such as Cdks and cyclins (26). They can 

target these inhibitors for degradation in order for the immune system to not be blocked from 

fighting against cancer cells (26). One additional advance for monoclonal antibodies that has 

shown promise for treatment of cancer is that it is used in tandem with chemotherapy drugs to 

have a higher binding affinity to antigens on cancer cells (26). This allows the chemotherapeutic 

drug to directly access the cancer cell and begin the process of degradation. With research 

defining the many different functions that monoclonal antibodies have, these functions can be 

utilized when searching for a target on a cancer cell. 

  

Existing Monoclonal Antibodies for Melanoma and Clinical Trials 

With immunotherapy being a recent yet profound discovery, several immunotherapeutic 

drugs have been developed in response to treating melanoma via monoclonal antibodies. It is 

important to preface that these drugs are undergoing trials, they show varying results, and do not 

claim to have a “one size fits all” model. It is also important to acknowledge that like every other 
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cancer treatment, there are side effects, and it is important to consult with a medical professional 

to discuss treatment plans (32). One drug that has shown substantial prognosis improvement for 

patients with melanoma is Nivolumab. Nivolumab is a monoclonal antibody that was developed 

to treat multiple cancers including non-small cell lung cancer (NSCLC), Hodgkin’s Lymphoma, 

and was originally created to treat melanoma (33). It is used to treat melanoma that is 

unresectable or metastatic when the patient is past stage III (31). It can also be used after surgery 

as an adjuvant therapy to help prevent the cancer from returning (32).  Nivolumab is an IgG4 

immunoglobulin, and its core target is PD-1. PD-1 is a protein commonly found on T-cells that 

keeps them from attacking other cells (32). Nivolumab targets PD-1 and amplifies its binding 

affinity to T-cells to encourage a higher immune response and to attack cancer cells (32). 

Nivolumab goes by the common name of Opdivo and depending on the severity of the 

melanoma, can be used in conjunction with another monoclonal antibody that goes by the 

common name of Yervoy. 

Yervoy or Ipilimumab is commonly used when the tumor is unresectable or has 

undergone a metastatic event (32). Ipilimumab has the core function of inhibiting CTLA-4, 

which is a protein found on T-cells which prevents them from killing cells that undergo normal 

and irregular proliferation (31). CTLA-4, when blocked, induces a massive immune response, 

and recruits the immune system to radically kill cancer cells. However, Ipilimumab has shown 

mixed results in patients during research. Although it is effective in shrinking tumors, it is not as 

effective as PD-1 inhibitors such as Nivolumab which is why it is often paired with PD-1 to 

effectively shrink tumors that arise from melanoma (32). Opdivo and Yervoy have been used in 

trials since 2015 and are the first combination of immunotherapeutic drugs to be approved by the 

FDA as of 2020 (33). Opdivo and Yervoy have been used in a clinical trial that compares 

patients taking Opdivo and Yervoy with adjuvant chemotherapy to patients who underwent 
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chemotherapy solely. Out of the 361 patients that took Opdivo and Yervoy with adjuvant 

treatment, 38% of patients had exhibited significant shrinkage in tumors, whereas patients 

receiving only chemotherapy showed a 26% decrease in tumor size (33). This revolutionary 

combination of drugs has paved the way for immunotherapeutic studies and continues to spread 

hope regarding prognosis for individuals that are treated for melanoma. 

There are a few additional drugs that have been less commonly marketed, but also show 

promising results. An additional drug that has been shown to treat melanoma is Pembrolizumab, 

which is also a PD-1 inhibitor. Pembrolizumab, or more commonly known as Keytruda, can be 

injected into the body where it blocks PD-1 from binding to T-cells, which provokes the immune 

system to freely attack cancer cells (32). Keytruda has clinically proven to be effective in treating 

advanced melanoma and is showing in current trials that it is able to be utilized as an adjuvant 

treatment for melanoma patients in stage IIB and above (34). Another drug that has recently been 

undergoing clinical trials is the drug Relatlimab. As of January 2022, Relatlimab is in the second 

stage of clinical trials and has been tested in patients alongside Nivolumab (35). Relatlimab is a 

LAG-3 inhibitor and can inhibit the regulation checkpoints in which T-cells have to undergo to 

continue their function. This allows them to amplify the immune response to kill cancer cells 

more effectively (35). With many immunotherapeutic drugs being created to help treat 

melanoma, there are still many more discoveries that await these drugs and what they can target 

to elicit an immune response. 

  

Creating a Monoclonal Antibody 

After researching current clinical trials and current immunotherapeutic drugs that have been 

produced to help treat melanoma, I have come to some conclusions. To create a monoclonal 

antibody, most of them work best when acting synergistically with an additional monoclonal 
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antibody. With the example of Opdivo and Yervoy, they both have different targets on the killer 

T-cells which will direct these cells to attack all cancer cells and significantly shrink tumors that 

are unable to be resected or have undergone a metastatic event (32). Another component that can 

go into creating a monoclonal antibody would be making it an inhibitor protein, not one that 

amplifies the immune response. Most effective monoclonal antibodies are responsible for 

bringing the melanoma cells that have evaded the immune system to the light, which as a 

secondary response amplifies the immune system and allows killer T-cells to fully attack without 

undergoing constant checkpoint surveillance. The ability for monoclonal antibodies to act as a 

checkpoint inhibitor is extremely beneficial for the immune system and the health of the 

individual, but not so much for the tumor. The research I discovered did not show many drugs 

that targeted immune cells outside of killer T-cells, but there might be potential in the future to 

stimulate B-cells to produce more antibodies or maybe try to target a protein on neutrophils that 

amplifies its response. If I had the ability to create my own monoclonal antibody to help treat 

melanoma, I would target the killer T-cells to decrease their specificity and to amplify the 

immune response to help kill cancer cells that have evaded this response. If I had this ability, I 

would like to do more research into how to utilize immunotherapeutic drugs in earlier stages of 

melanoma, for example, stages one or two. Since melanoma is visible on the surface of the 

patient most of the time, it can be caught in the earlier stages. I am curious to see if these 

immunotherapeutic drugs would have the same effect in the earlier stages as they do in the later 

stage investment. This could be advantageous in that it can quickly eradicate cancer cells before 

they have the opportunity to continue abnormal proliferation. It can be a hindrance to the 

individual in the sense that it can cause such a large amplification that it can overwork the 

immune response and make the individual extremely sick from severe side effects, but only the 

future will secure the fate of this idea.  In addition to targeting specific aspects of immune cells, I 
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also wanted to include some research about genes commonly mutated in melanoma, and 

additionally proposing some targets in mutated pathways. 

  

 Targets: Common Mutations in Melanoma 

With melanoma being the most dangerous form of skin cancer, there are many 

possibilities for mutations to occur from the early stages of cancer cell proliferation to full blown 

metastatic events. Although immune system checkpoints have been proven to be successful 

targets of immunotherapy, it is important to acknowledge the mutations in genes that lead to 

melanoma can be traced back and targeted by anti-cancer drugs. In order to fully grasp the 

concept of gene mutations in cancer, it is important to classify these genes as being proto-

oncogenes or tumor suppressors and how this relates to the control of the cell cycle. Cancer is 

different from other diseases in the aspect of it not originating from a lack of cell function (29). 

Although cell cycle proteins are mutated and not functioning correctly, cancer cells are able to 

proliferate in amounts that go way above and beyond the normal, tightly controlled cell cycle 

limits. 

Cancer cells are able to grow and divide without going through the cell cycle 

checkpoints, which provides them the ability to form malignant tumors and if not caught, they 

can be involved in metastatic events. Oncogenes are considered the “gas pedal” and code for 

proteins that stimulate cell cycle activity and the proliferation of cells (29). Oncogenes are 

mutated versions of proto-oncogenes and are altered by either amplification, chromosomal 

translocation, or other missense mutations (29). In opposition to that gas pedal, there are the 

“brakes,” which are referred to as tumor suppressor genes. These genes are responsible for 

producing proteins that restrict cell division and the proliferation of cells, and sometimes proteins 

that stimulate apoptosis, or programmed cell death (29). Unfortunately, tumor suppressor genes 
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are also mutated in cancer, which lead to the lack of function of inhibitory proteins. This allows 

for continued growth and division of cancer cells, which renders them almost unstoppable. One 

commonly mutated gene in melanoma is the BRAF gene. This gene is mutated in over 50% of 

melanoma cases and it encodes a protein that is involved in a crucial regulation pathway for 

proliferation and differentiation (30). 

The Ras/Raf/MEK1/MAPK signaling cascade involves the recruitment of growth factor 

receptors which activate Ras, which in turn signal Raf, a family of protein kinases that include 

Braf (30). The recruitment of Raf and Braf proteins activates MEK1, which regulates additional 

extracellular signaling kinases, which in turn leads to transcriptional activation of proto-

oncogenes and cell proliferation (30). Unfortunately, when Braf is mutated, it undergoes a 

conformational change in which it remains in a constitutively active state (30). A result of this is 

continuous cell proliferation and as the production of abnormal cells increases, tumor formation 

and metastasis may result. It is important to note that the most common Braf mutation is the Braf 

V600 mutation where a missense mutation causes a valine to glutamic acid amino acid 

substitution (30). There are other Braf mutations such as V600M, V600R, and V600K, but they 

only occur in 4-5% of melanoma cases (30). Another gene that is commonly mutated in 

melanoma is the CDKN2A gene. CDKN2A codes for several tumor suppressing proteins 

including p16(INK4A) and p14 which inhibit abnormal cell proliferation (27). P16(INK4A) is 

responsible for attaching to CDK4 and CDK6, which are proteins that promote cell cycle 

progression (27). When there is a mutation in the CDKN2A gene, these regulatory proteins do 

not function, which leads to abnormal cell growth. Some other genes that are mutated in 

melanoma are NRAS, NF1 and PTEN, which have undergone little research, but in this review, I 

will gather as much information about these genes and would like to contribute to putting 

together the puzzle pieces to how mutations in these genes contribute to melanoma. 
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Finding a Common Target in NRAS and NF1 

Although I came to some general conclusions about creating a monoclonal antibody, I 

would additionally like to propose some targets that could be investigated by other drugs besides 

immunotherapeutic drugs in mutated signaling pathways in melanoma. The BRAF gene and 

MEK gene have been the common targets in targeted cancer therapy, which helped create drugs 

that could influence mutated proteins produced by these mutated genes (36). Again, the Braf and 

Mek proteins are involved in the RAS signaling pathway, which is involved in regulation of 

normal cell growth (37). When proteins are mutated in this highly robust and complex pathway, 

proliferation of cells immediately starts to become abnormal (37). As new research into 

melanoma has been completed, a few genes that have been identified and their role in cancer cell 

development are currently being studied. These genes include NRAS and NF1, which are 

mutated in about 10-20% of melanoma cases (28). NRAS is one of the three RAS genes that 

function in the regulation of the RAS-signaling pathway (37). NF1 is a gene that encodes for the 

neurofibromin 1 protein that negatively regulates the RAS signaling pathway via its GTP-ase 

activity (37). This GTP-ase activity assists in turning RAS into an inactive state and inhibits 

downstream RAS signaling (37). When Nras and Nf1 proteins are mutated, RAS is left either in 

a constitutively active state, or there is irregular downstream activity that allows cells to continue 

proliferation without the proper regulation (37). A drug that can shut down RAS from being 

constitutively active or a drug that can reactivate the GTPase activity of NF1 might be effective 

targets in attempting to gain back normal regulation activity and shut down abnormal cancer cell 

proliferation. 

There are so many possibilities as to how the drugs can be utilized to attack either 

specific proteins or immune cell proteins to help fight against aberrant cancer cell growth. 
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Current research will be able to test these possibilities and future research could potentially make 

them a reality with proven efficiency and success. In addition to my vast introduction to 

melanoma and the exploration of targets for cancer therapy including immunotherapy, it is of the 

utmost importance to reflect on what I see as the future of immunotherapy, especially regarding 

the treatment of melanoma in humans. 

  

Reflection 

Introduction 

After covering all aspects of melanoma as a dangerous cancer and diving into the 

immune system, immunotherapy, and other components that go into making a monoclonal 

antibody, I proposed what would seem to be the most efficient monoclonal antibody and offer 

future directions that research in immunotherapy might take. After those considerations, it is 

important to reflect on the direction that immunotherapy is heading, and what 

immunotherapeutic treatment will look like fifty years down the road, especially regarding 

melanoma. 

Future Directions   

If the sun stays around, melanoma will always be a threat to the people on this planet. 

Most of the UV-B radiation comes from the sun and exposure heavily influences the chances of 

an individual developing melanoma. There are always other risk factors including geographic 

location, genetic predispositions, age, race, and several others (8). For the treatment of 

melanoma, agents such as surgery, chemotherapy, and immunotherapy have displayed hopeful 

results in treating patients. With immunotherapy being a newer advancement in oncology for the 

treatment of many cancers including melanoma, there are still so many discoveries that have yet 

to be made. One of the future directions that has been in the works is the direction of utilizing 
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immunotherapy as a first line of defense treatment. Although the best first line of defense 

treatment in melanoma remains unknown, there have been efforts to investigate the relationship 

between PD-1 inhibitors being the first choice of treatment, and then targeted therapies and 

chemotherapy soon followed (31). An Australian trial showed a significant increase in efficiency 

of treatment when using Nivolumab with Ipilimumab first before using a Braf/Mek inhibitor 

(31). Another direction that immunotherapy is taking in the future is utilizing 

immunomodulatory receptors (IDO) on the surface of lymphocytes, particularly T-cells (31). 

Immunomodulatory receptors are expressed by lymphocytes such as T-cells and B-cells that are 

involved with differentiation and regulation of the immune system (31). Immunomodulatory 

receptors show promise as a way to help enhance the cytotoxic effect of the immune system (31). 

There are current trials using IDOs as targets, which involve the enzymes that are involved in 

tryptophan catabolism (31). Since IDOs are found in malignant tumor cells and deletes the 

proliferation of T-cells. This is why the drug Epacadosat has an optimistic outlook on increasing 

overall immune system function because of malignant tumor cell growth (31). The directions that 

this research is taking displays hopeful results for the future, but that is not to say that 

immunotherapy will not face challenges along its incredible journey ahead. 

  

Future Challenges 

Any recent advance in science always attempts to put all positive findings and advantages 

at the forefront of research. This is an optimistic tactic, but it is also important to recognize that 

there are unknowns and disadvantages to the discoveries of revolutionary technology. One major 

challenge that immunotherapy faces now and will continue to face in the future is the cost of 

treatment. With the stability of healthcare systems around the world being constantly challenged, 

the establishment of immunotherapeutic drugs and targeted therapies have improved the quality 



 26 

of life for cancer patients (38). While this is advantageous, drug production, clinical trials, and 

distribution are extremely costly and can significantly alter the healthcare system (38). On the 

issue of affordability, insurance can help cover the cost of this new and advanced treatment, but 

individuals that lack access to healthcare and insurance unfortunately will not be granted the 

same access and availability to immunotherapeutic drugs and targeted therapy treatments 

Another challenge that will be continued to be faced is the inability to predict the efficacy 

of treatment response in an individual. Producing an immunotherapeutic substance that can be 

consistently effective and provide results for most individuals is the goal but has not yet been 

obtained (38). As of now, efficacy has only been determined for a few specific cancers and has 

only helped a small number of people that take the drug (38). Gene mutations in melanoma are 

not consistent and this irregularity only contributes to the challenge of not being able to predict 

an effective result (38).  Another contribution to this challenge could be that chemotherapy is 

currently the primary choice to be utilized as the first line of defense. Not having more 

personalized biomarkers and not using a multi-target approach only continues to confirm this 

challenge. Personalized biomarkers serve an important purpose for personalized medicine, in that 

they help accurately predict correct dosage, prognosis, and help guide therapeutic techniques in 

case of an adverse effect arising in the patient (39). There is not enough research on personalized 

biomarkers and how they contribute to personalized medicine, which is why there are continued 

challenges being faced in this area of immunotherapeutic study (39).  

         An additional challenge that immunotherapy will face in the future is the potential for an 

individual to develop a resistance to immunotherapeutic drugs. Drug resistance is closely related 

to tumor heterogeneity, which is the reason that cancer cells are always undergoing new 

mutations. However, genome sequencing has provided insight into how newly proliferated cells 

with new mutations are morphologically and physiologically different from other cells within the 
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tumor or surrounding tumors (38). Since cancer cells are constantly undergoing new mutations 

that do not hinder their survival, a drug that attempts to treat tumor cells could eventually 

succumb to resistance (38). Cancer cell networks are extremely flexible and adaptive, and it is 

thought that different evolutionary patterns of cancer cells, including branched clonal evolution, 

have contributed to drug resistance (38). Although physical biopsies can be performed to assess 

resistance, they are not always the most realistic. Recent proposals of liquid biopsies which 

involve the genomic analysis of circulating free DNA or tumor cells might be a step in the right 

direction but will need clinical validation to back up the claim (38). 

         One last challenge for the future of immunotherapy is more specificity regarding clinical 

trial design. Currently, some immunotherapy trials have been held to the same standards as those 

of chemotherapy and other cytotoxic cancer therapies that loosely involve the immune system 

(38). Additionally, since immunotherapy heavily relies on the amplification of the immune 

response rather than directly attacking tumor cells, the response can be delayed and will not 

match the criteria of clinical trials for other cancer treatments (38). The requirement for distinct 

clinical trial study designs became explicit when AstraZeneca tested an anti-CTLA-4 ICB by the 

name of tremelimumab, but the trial was terminated due to the “poor results” it provided (38). It 

was found later that the results did appear to be positive after the 24-month mark, which 

reinforced the need for better guidelines for immunotherapy clinical trial studies. Even with the 

many challenges that immunotherapy has faced presently or will face in the future, the direction 

it is heading in is nothing short of remarkable. 

Predictions and Concluding Thoughts 

While providing evidence that immunotherapy has advantages and disadvantages, I want 

to share my predictions and opinions regarding the future of immunotherapy. After the countless 

hours of research, I have done, I have concluded that immunotherapy will skyrocket as an 
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efficient cancer treatment in the next 10 years. On the contrary, I predict that treatments such as 

surgery, chemotherapy, and radiotherapy will always be around because they can be useful in 

certain situations. Presently, immunotherapy is used as an adjuvant therapy to the treatments 

listed above. This is a great way for immunotherapy to get its foot in the door, but I predict that 

there will be more research done on immunotherapy as a primary mode of treatment. I predict 

that in fifty years, immunotherapy will be used to treat many different types of cancers and will 

show effective results in a variety of patient profiles. I also predict that immunotherapy will 

become more personalized with the constant discovery and research of new biomarkers, which 

will create a specific treatment for an individual patient. Not all cancers are the result of the same 

mutated genes and thus, cancer can have a variety of different effects on different individuals. I 

do believe that immunotherapy will always be used as an adjuvant therapy, but hopefully it will 

be utilized as a first line of defense. If not used as a primary treatment, I do predict that it will be 

used in conjunction with newer therapies such as cancer vaccines and personalized target 

therapy. It is not a solid prediction, but something that I hope for in the future is that 

immunotherapeutic drugs become more accessible and more affordable. By pushing for new 

research and working on some mechanical and developmental aspects of immunotherapy such as 

specificity, amplification, and potential resistance, immunotherapy could revolutionize the way 

that cancer is treated and how personalized medicine will greatly influence the effectiveness of 

the treatment. 

  

Conclusion 

Melanoma is a cancer that will always be prevalent due to its many risk factors including 

sun exposure, genetic predispositions, identities, and many others (8). Melanoma is a cancer that 

shows visible proof of its presence but can unfortunately become extremely dangerous when a 
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tumor becomes metastatic and spreads to other parts of the body. Luckily, there are many 

different methods of detection, diagnosis, and treatment. The newest form of treatment that has 

taken giant leaps and bounds is immunotherapy, which utilizes an individual's immune system to 

amplify the immune response and attack cancerous cells that have evaded normal regulation 

checkpoints. Immunotherapy is utilized by monoclonal antibodies that can be attached to the 

surface of lymphocytes, more particularly T-cells, to elicit a strong immune response. Presently, 

immunotherapy is used as an adjuvant therapy to other treatments like chemotherapy and 

surgery, but advances are being made and research is being done to bring immunotherapy as a 

first line of defense to the forefront of oncological studies. Immunotherapy has a bright future 

ahead and to keep striving for greatness, specificity, accessibility, amplification, and deterring 

resistance must be used as methods to propel immunotherapeutic advances above and beyond 

current knowledge.  
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