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Abstract: 

Renal cancer is fourteenth most common cancer worldwide which is currently increasing in 

alarming rate. Many people are dying of renal cancer every day. In this situation, finding out an 

efficient treatment option has become a challenge to the scientists. Immunotherapy has brought a 

significant impact in terms of treating the renal sarcoma patients by leveraging the immune system 

and causing tumor regression. Due to having poor prognosis and respond in radiotherapy and 

chemotherapy, this method of immunotherapy has expanded the opportunity of treatment. Renal 

cell carcinoma (RCC) is considered to be the most immunogenic tumors in human body. Because 

of being diffused by the cells of immune system, these cells perform very actively in the field of 

immunotherapy. Immunotherapy has brought a great success and widened up several opportunities 

for the patients. There has been developed several ways of immunotherapy treatment along with 

analyzing the challenges and future aspects for this treatment.  

 

 

Keywords: immunotherapy; Renal Cell Carcinoma; immune system; success; challenges; 

possibilities. 

  



v 
 

Dedication 

Dedicated to my parents, grandparents and my project supervisor, Dr. Md. Abul Kalam Azad. 

 

  



vi 
 

Acknowledgements 

First of all, I would like to thank Almighty for his unlimited blessings in attempt to empower me 

with the strength and willingness to accomplish this project work. 

I would like to express my sincere gratitude to my project and academic supervisor, Dr. Md. Abul 

Kalam Azad (Assistant Professor, Department of Pharmacy, Brac University) for his valuable 

supervision and enthusiasm throughout this project. He was genuinely a source of advice and 

support throughout my study and project writing. I am incredibly obliged for his precious feedback 

and suggestions throughout my research that helped me a lot to complete this project work 

smoothly. 

I would also like to express my humble gratitude to Dr. Eva Rahman Kabir (Professor and 

Chairperson, Department of Pharmacy, Brac University) for her dedication, contribution and 

guidance towards the student as well as the department. 

Finally, I would like to express my gratitude to my parents who keep inspiring me to go beyond 

my limits. I would not have come this far without their constant prayers and unconditional love. I 

would also like to thank all the people who, whenever needed, have helped me with their utmost 

abilities.  

 

 

 

 



vii 
 

Table of content 

Declaration...................................................................................................................................... i 

Ethics Statement........................................................................................................................... iii 

Dedication ...................................................................................................................................... v 

Acknowledgements ...................................................................................................................... vi 

List of Figures: ............................................................................................................................. xi 

List of Acronyms ........................................................................................................................ xiii 

Chapter 1 ..................................................................................................................................... 14 

Introduction ................................................................................................................................. 14 

1.1 Immunotherapy..................................................................................................................... 14 

1.2 History of immunotherapy ................................................................................................... 15 

1.3 Cancer and Immunotherapy: .............................................................................................. 16 

1.4 Renal cancer and Immunotherapy ...................................................................................... 17 

1.5 Positive impact of immunotherapy...................................................................................... 18 

1.6 Acceptance of Immunotherapy in renal cancer ................................................................. 19 

1.7 Objectives of the study.......................................................................................................... 20 

 



viii 
 

Chapter 2 ..................................................................................................................................... 21 

Some conventional treatments for Renal Cancer .................................................................... 21 

2.1 Surgery ................................................................................................................................... 21 

2.2 Targeted therapy ................................................................................................................... 21 

2.3 Radiation therapy ................................................................................................................. 22 

2.4 Chemotherapy ....................................................................................................................... 22 

Chapter 3 ..................................................................................................................................... 23 

Pathophysiology and Immunotherapy treatment .................................................................... 23 

3.1 Pathogenesis of Renal cancer ............................................................................................... 23 

3.3 Different possible ways of immunotherapy ........................................................................ 23 

3.3.1 Cytokine based immunotherapy ....................................................................................... 23 

3.3.2 Non myeloablative allogenic transplantation immunotherapy...................................... 24 

3.3.3 Tumor antigen-specific immune response ....................................................................... 25 

3.3.4 Discovery of immune checkpoint inhibitor...................................................................... 25 

3.3.5 Using Stool bacteria: .......................................................................................................... 27 

Chapter 4 ..................................................................................................................................... 28 

Drug candidates for immunotherapy in RCC .......................................................................... 28 

4.1 PD-1 inhibitors ...................................................................................................................... 28 



ix 
 

4.1.1 Pembrolizumab .................................................................................................................. 28 

4.1.2 Nivolumab ........................................................................................................................... 28 

4.2 PD-L1 inhibitors.................................................................................................................... 28 

4.2.1 Avelumab ............................................................................................................................ 28 

4.3 CLTA-4 inhibitor .................................................................................................................. 29 

4.3.1 Ipilimumab ......................................................................................................................... 29 

4.4 Cytokines ............................................................................................................................... 29 

4.4.1 Interlukin-2 (IL-2) ............................................................................................................. 29 

4.4.2 Interferon-α ........................................................................................................................ 30 

Chapter 5 ..................................................................................................................................... 31 

Patients reaction and some challenges ...................................................................................... 31 

5.1 Patients reaction .................................................................................................................... 31 

5.2 Some challenges of Immunotherapy treatment ................................................................. 31 

5.2.1 Possible side effects for all checkpoints ............................................................................ 32 

5.2.1.1 Side effects for PD-1 inhibitors ...................................................................................... 32 

5.2.1.2 Side effects for PD-L1 inhibitors ................................................................................... 32 

5.2.1.3 Side effect for CLTA-4 inhibitor ................................................................................... 32 

5.2.1.4 Some serious side effects for all checkpoints ................................................................ 33 

5.2.2 Possible side effects for Cytokines .................................................................................... 33 



x 
 

5.2.2.1 Possible side effect for Interlukin-2 (IL-2).................................................................... 33 

5.2.2.2 Possible side effect for Interferon-α .............................................................................. 33 

Chapter 6 ..................................................................................................................................... 35 

Clinical trial of the drug and the success .................................................................................. 35 

6.1 Clinical trial ........................................................................................................................... 35 

6.2 Success rate of immunotherapy ........................................................................................... 36 

Chapter 7 ..................................................................................................................................... 38 

Conclusion and future aspects ................................................................................................... 38 

7.1 Conclusion ............................................................................................................................. 38 

7.2 Future aspects........................................................................................................................ 38 

References:................................................................................................................................... 40 

 

 

  

 

 

 

 

 



xi 
 

List of Figures 

Figure 1: The cancer-immunity cycle is a self-propagating cycle process (adapted from 

Chen et al., 2013). ........................................................................................................................ 15 

Figure 2: Important events of the history of cancer immunotherapy (adapted from 

Lesterhuis et al., 2011). ............................................................................................................... 16 

Figure 3: Depicture of cells in the innate and adaptive immune system (altered from Zhang 

& Chen, 2018). ............................................................................................................................. 17 

Figure 4:  Blockade of immune checkpoints to enhance T cell responses (adapted from 

Akinleye et al., 2019). .................................................................................................................. 26 

 

 

 

 

 

 

 

 

 

 

 



xii 
 

List of Tables 

Table 1: Current ongoing clinical trials involving checkpoint inhibitors in mRCC (adapted 

from Liu et al., 2017)................................................................................................................... 36 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiii 
 

List of Acronyms  

RCC                      Renal Cell Carcinoma 

mRCC                   Metastatic Renal Cell Carcinoma 

ICI.                        Immune Checkpoint Inhibitor 

CTLA                   Cytotoxic T-Lymphocyte Associated Protein 

PD-1                      Programmed Cell Death Protein-1 

IL-2                       Interleukin-2 

MHC                     Major Histocompatibility Complex 

CR.                       Complete Response 

ORR                      Objective Response Rate 

VEGF                    Vascular Endothelial Growth Factor 

VHL                      Von Hippel Lindau 

VMAT                   Volumetric Modulated Arc Therapy 

SBRT                    Stereotactive Body Radiation Therapy 

IFN                        Interferon 

NK                         Natural Killer 

TIL                         Tumor Infiltrating Lymphocytes 



14 
 

Chapter 1   

Introduction 

1.1 Immunotherapy   

Drugs that target the production or enhancement of anticancer immune responses are known as 

immunotherapies. The objective of cancer research has always been to activate the immune system 

in order to destroy cancer cells and create therapeutically meaningful responses. Immune 

checkpoint inhibitors (ICI) are a type of cancer treatment that was characterized. These antibodies 

work by enhancing the immune system's ability to destroy cancer cells by targeting specific 

chemicals on immune cells. Anti-CTLA-4 and anti-PD-1 antibodies are two promising types of 

antibodies that can be used as monotherapy or in conjunction with other cancer immunotherapies. 

Immune checkpoint inhibitors are one of the most promising treatment options for activating 

antitumor immunity. Multiple inhibitory mechanisms built in the immune system are known as 

immunological checkpoints. They're important for maintaining self-tolerance and reducing 

peripheral tissue damage by regulating the length and intensity of physiological immune responses 

in peripheral tissues. As a primary mechanism of immune resistance, tumors control various 

immunological checkpoint pathways. Because immunological checkpoints are triggered by ligand-

receptor interactions, blocking them with antibodies is a sensible treatment option. (See Figure: 1) 

Despite their therapeutic effectiveness, targeted treatments are frequently short-lived due to fast 

resistance development. Immunotherapies have a distinct edge. Multiple inhibitory mechanisms 

built in the immune system are known as immunological checkpoints. They're important for 

maintaining self-tolerance and reducing peripheral tissue damage by regulating the length and 

intensity of physiological immune responses in peripheral tissues. As a primary mechanism of 

immune resistance, tumors control various immunological checkpoint pathways. Because 

immunological checkpoints are triggered by ligand-receptor interactions, blocking them with 

antibodies is a sensible treatment option. Despite their therapeutic effectiveness, targeted 

treatments are frequently short-lived due to fast resistance development (Lee et al., 2016).  
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Figure 1: The cancer-immunity cycle is a self-propagating cycle process (adapted from Chen et 
al., 2013). 

1.2 History of immunotherapy  

The idea of cancer immunotherapy took place in the late 1800s, when William B. Coley reported 

tumor reduction and even disappearance after injecting bacterial products into and around tumors. 

Many observations since then have incited research into strategies that aim to induce specific anti-

tumor responses, such as the rare but well-documented occurrence of spontaneous remissions, the 

higher incidence of cancer in immunosuppressed patients, and the identification of tumor-specific 

antigens and lymphocytes (See Figure: 2). Allogeneic bone marrow transplantation and 

monoclonal antibodies that target tumor cells are two widely utilized and effective 

immunotherapies recently accessible (Hoption et al., 2003). 
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Important basic immunological discoveries and key clinical trials are shown. BCG, bacille Calmette–Guérin; IFNα, interferon-α; 
IL-2, interleukin-2; MHC, major histocompatibilty complex; TNF, tumour necrosis factor; VIN, vulvar intraepithelial neoplasia.  

Figure 2: Important events of the history of cancer immunotherapy (adapted from Lesterhuis et al., 
2011). 

 

1.3 Cancer and Immunotherapy:  

Over the last few years, cancer immunotherapy has emerged as an appealing method among many 

treatment alternatives, demonstrating its efficacy against malignancies. It works by inducing an 

anti-tumor reaction in the body's immune system, allowing cancer to be vanquished. The area of 

cancer immunotherapy has lately exploded in popularity. Numerous preclinical and clinical 

research has looked at the link between the immune system and cancer (Zugazagoitia et al., 2016). 

The immune system's primary function is to defend humans against invading infections and 

diseases. Immune responses are divided into two categories: humoral immunity and cellular 

immunity, both of which are mediated by B and T cells and their products (Bielinska et al., 2014). 

Humoral immunity uses antibodies produced by B cells to neutralize and eradicate external 

microbes and toxins, whereas cellular immunity responds more quickly to eliminate intracellular 

microbes by identifying antigens, activating antigen presenting cells (APCs), and activating and 

proliferating T cells (Tsiantoulas et al., 2014). The anticancer immune response involves both the 

innate and adaptive immune systems (Dranoff, 2004). 

Innate immune cells have the ability to produce signals that are required to activate T and B cell 

responses (Corrales et al., 2015). B cells, CD8+ cytotoxic T cells, and CD4+ helper T cells are the 

most important components of the adaptive immune system (Binder, 2014). By detecting foreign 
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antigens and delivering them to naive T cells, APCs serve as a link between the innate and adaptive 

immune systems. (See Figure: 3) 

Furthermore, when toll-like receptors on dendritic cells (DCs) are activated, components on the 

DC surface that are important for antigen presentation may be enhanced, and cytokines that aid 

the adaptive immune response may be encouraged. It is now commonly acknowledged that the 

interaction of the innate and adaptive immune systems can lead to full cancer remission (Zhang & 

Chen, 2018). 

 

 

Figure 3: Depicture of cells in the innate and adaptive immune system (altered from Zhang & 
Chen, 2018). 

 

1.4 Renal cancer and Immunotherapy  

Renal cell carcinoma is the third urological cancer representing 3% of all cancers in women and 

5% in men with an incidence of around 400,000 cases worldwide (Deleuze et al., 2020a). The 

prognosis is poor since 30% of patients are metastatic at diagnosis and almost 30% of the 

remaining patients will develop metastases detected during the follow-up (Deleuze et al., 2020a). 

Moreover, renal cell carcinoma (RCC) of the clear cell type accounts for approximately 3% of the 
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adult malignancies and 90–95% of the neoplasms arising from the kidney (Gouttefangeas et al., 

2007). Renal cancers do have high mortality rate and react poorly to conventional radiation or 

chemotherapy. Immunotherapy provides an intriguing option to such well-established treatments, 

and cytokine-based therapies which have now been utilized for several decades with positive 

clinical outcomes in a limited fraction of patients. Immunotherapeutic studies attacking antigens 

which are related to renal cell tumor have also been described over recent times, using a variety of 

active and passive techniques including either antibodies or focused at activating tumor-directed 

T cells. Furthermore, tumor immunogenicity is linked to a higher number of mutations in the tumor 

as well as the existence of an immune cell infiltration. RCC has a substantial and complicated 

immune cell infiltration, despite the fact that it has a low mutational load (Considine & Hurwitz, 

2019). To target tumor cells, the immune system must recognize the tumor as foreign substance. 

When tumor cells die, they are enveloped by antigen-presenting cells (mainly dendritic cells), 

which use their MHC (Major Histocompatibility Complex) complexes to present tumor 

neoantigens. Neoantigens require a second signal to activate T lymphocytes to target malignancies 

(“Cancer Immunotherapy,” 2008).  

  

1.5 Positive impact of immunotherapy  

Cancer immunotherapy drugs, which encourage the immune system to identify and target tumors, 

have opened up new avenues for cancer treatment (Weiner, 2015). The discovery of a variety of 

innovative and successful immunotherapies over the last several decades has expanded 

oncologists' arsenal of cancer-fighting weapons. Many cytokine-based therapies and mAbs have 

already established the benchmark for treating a variety of cancers.  The connection between 

cancer and the immune system has rapidly advanced in recent decades. Many cancer 

immunotherapies have shown to be effective, resulting in their fast adoption in clinical practice. 

Many cancer immunotherapies are promising because they target abnormal cells while avoiding 

the harm caused by chemotherapy and radiotherapy, which adds to patient morbidity and death.  

Only a few cases of predicted clinical success were previously linked with cancer 

immunotherapies, such as the use of high-dose interleukin (IL)-2 to produce a complete response 

(CR) in advanced melanoma and renal cell carcinoma (RCC). However, since then, additional 

progress has been achieved, and cancer immunotherapy is now generally acknowledged as 
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successful. Even in individuals with solid tumors or severe malignancies, positive responses to 

cancer immunotherapy are more common—sometimes even full or long-lasting responses or 

cures. Cancer immunotherapy is now most effective in the treatment of patients with melanoma, 

RCC, or hematological malignancies. However, recent evidence indicates that immunotherapy 

may have a broader efficacy in treating a variety of different cancers (Lee Ventola, 2017). 

  

1.6 Acceptance of Immunotherapy in renal cancer  

There was a time when there was little data to support any paradigm for renal cancer treatment. 

However, the growing area of medical oncology selected a cytotoxic approach to cancer therapy 

over an immune-centered strategy at the turn of the century. Nearly 120 years of data have proved 

that (i) even the finest cytotoxic regimens only cure late-stage malignancy in a few percentages of 

cases, and (ii) techniques that supplement and augment existing antitumor immune responses give 

the highest chances for potentiating long-term cancer remission. Despite today's universal 

acceptance of these concepts, the immune system's ability to diagnose and defeat cancer was a 

widely discussed topic for most of the twentieth century (Decker et al., 2017). Treatment options 

have evolved since the beginning of renal cancer immunotherapy in the nineteenth century to 

include monoclonal antibodies, immune checkpoint inhibitors, genetically engineered cancer 

fighting immune cells, cancer vaccines, and combination therapies that incorporates multiple 

chemotherapies with one of the above approaches to treat cancer (Lombard et al., 2007). With the 

introduction of new therapeutic options, there is an increasing demand for improved animal and 

translational models. These include extremely complex mouse cancer models, spontaneous cancer 

models like the canine model, and translational models like the PDX models that contain 

transplanted human renal cancers (Cho et al., 2016). Their combined usage will advance the 

understanding of cancer biology and antitumor immunology, allow for a faster assessment of 

innovative methods' effectiveness and safety, and eventually result in a faster bench to bedside 

transfer (Decker et al., 2017). 
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 1.7 Objectives of the study  

 To study the status and ways of treating renal cancer with the help of immunotherapy. 

 To analyze the development along with the challenges and future aspects of 

immunotherapy in Renal Cell Carcinoma (RCC)   
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Chapter 2  

Some conventional treatments for Renal Cancer  

2.1 Surgery   

For individuals with non-metastatic, localized RCC, surgery is the most effective therapeutic 

option, and patients with low-stage, low-grade tumors have a good long-term prognosis (Kaplan 

et al., 2002). Advances in partial nephrectomy make this surgical method appealing for individuals 

with low-risk RCC, and less-invasive approaches employing laparoscopy are now established as 

viable therapeutic alternatives due to technological advancements. An experimental technique that 

might be adopted for the elderly or patients with considerable complication is active surveillance 

of minor renal masses with delayed treatment for individuals whose illness worsens. Tumor tissues 

removal can be difficult for patients with larger tumors, regional lymph node involvement, or IVC 

tumor thrombus, and in many cases, surgical treatment alone is not enough to prevent disease 

renewal or development (Keane et al., 2007). 

 

2.2 Targeted therapy  

Renal cell cancer (RCC) is becoming more common across the world, and there have been few 

treatment options available lately. The molecular and clinical parameters that predict the prognosis 

of this disease have greatly improved during the previous decade (Dorff et al., 2009) . 

Targeted therapy connects Anti-angiogenesis treatment that provides antibodies (e.g., 

bevacizumab) and tyrosine kinase inhibitors (TKI) such as axitinib, sunitinib, and sorafenib to 

block the vascular endothelial growth factor (VEGF). The mTOR 

inhibitors everolimus and temsirolimus are also targeted therapeutics (Terrén et al., 2020). Non-

specific immunotherapy was a conventional therapeutic choice for patients with metastatic renal 

cell carcinoma for a long period, but it was surpassed by specifically targeted molecular treatments, 

such as VEGF and mTOR inhibitors (Escudier et al., 2012). While research in non-specific 

immunotherapies faded, the Von-Hippel–Lindau (VHL) gene and associated molecular targets and 

processes laid the groundwork for the age of "targeted" therapy (Kruck et al., 2012). Several 

tyrosine kinase (TK) inhibitors targeting the VEGF receptor and mammalian target of rapamycin 

(mTOR) inhibitors have been gradually brought into clinical practice for the treatment 

of mRCC patients since 2005 (Escudier et al., 2012).  Because of the low long-term efficacy of 
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TK or mTOR inhibitors, new treatment strategies are needed to increase patients' cancer-specific 

survival (CSS) (Bedke et al., 2014).  

 

2.3 Radiation therapy  

RCC is a radiosensitive condition with a wide range of radio-sensitivity, but it is not a 

radioresistant disorder. There is a number of studies suggesting that higher dose per fraction 

treatments, such as volumetric modulated arc therapy (VMAT) or SBRT (Stereotactic body 

radiation therapy), delivered utilizing innovative high-precision RT technology, can overcome 

RCC's apparent radio resistance (Tselis & Chatzikonstantinou, 2019). Since RCC is radio resistant 

and many doctors think that substantial biologic dosages are required for significant alleviation, 

so it may not always be practical or acceptable (Pinho et al., 2002) . 

 

2.4 Chemotherapy  

Since earlier period, carcinoma is acknowledged like a dangerous human disease. From scientific 

viewpoint, cancer therapeutic research just recently begun. Chemotherapy, that includes injecting 

a drug into the bloodstream that attacks cancer cells, is amongst the most frequent and essential 

kinds of treatments. Regrettably, this substance also damages healthy cells, resulting in typical 

adverse reactions including baldness. Chemotherapy requires a lot of study in order to build the 

drug in such a way that has the best effect on cancer while having the fewest harmful consequence 

(Pinho et al., 2002). Recent findings reveal a previously anticipated but favorable impact of 

combining immunotherapy with both new and more traditional cancer treatment methods such as 

chemotherapy, revealing a whole new and exciting line of clinical study (Rosenberg S, 2004).  
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Chapter 3  

Pathophysiology and Immunotherapy treatment   

3.1 Pathogenesis of Renal cancer  

RCC can be genetic or random, just as breast, prostate, and colon cancers. Over the last two 

decades, extensive clinical and laboratory research on RCC has resulted in a greater understanding 

of the tumor biology and genetic background. The examination of the hereditary types of the 

disease has yielded significant advances in our understanding of the genetic underpinnings and 

underlying biology of RCC (Blanco et al., 2011). RCC has a wide range of histologic subtypes and 

molecular profiles, but no medicines targeting molecular abnormalities in subgroups apart from 

clear cell carcinoma have yet been recognized. There is stimulation of two molecular pathways, 

which are the Von Hippel-Lindau (VHL) and the mammalian target of rapamycin (mTOR) 

pathways that causes clear cell RCC to have significant amount of angiogenesis (Hudes et al., 

2011). Inactivating mutations in the VHL gene are seen in the majority of individuals with clear 

cell RCC. Hypoxia inducible factor which is alpha (HIF) is targeted for ubiquitin-mediated 

proteasomal degradation by the VHL protein complex (Powell et al., 2012). However, HIFα 

dimerizes with its companion HIFβ that activates a vast number of genes, including VEGF 

production (Haase, 2009). As a result of inactivation of mutations in VHL, improving HIF activity 

and angiogenesis occurs.  mTOR promotes angiogenesis via boosting HIF levels, which is distinct 

of the VHL pathway and may be mediated by other mechanisms. PTEN (phosphatase 

and TENsin homolog) which is a negative regulator of mTOR, has been discovered to have 

impairment in mutations in 5% of RCC patients. Following the discovery of these angiogenesis 

mediators, VEGF and mTOR inhibitors were indicated for the management of metastatic renal cell 

carcinoma (Kondo et al., 2001).     

 

3.3 Different possible ways of immunotherapy   

3.3.1 Cytokine based immunotherapy  

After surgery, cytokine-based treatments are considered the first-line therapy for mRCC 

(Gouttefangeas et al., 2007). The immunomodulatory agents, interferon alpha (IFNα), interferon 

gamma (IFNγ), and interleukin-2 (IL-2) were used to examine the involvement of the immune 
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system in RCC. Activated T cells release interferons, which aid cell-mediated cytotoxicity and 

anti-proliferative actions on tumor cells. In a phase III trial, participants were randomly assigned 

to receive subcutaneous weekly IFNγ (60 g/m2) or placebo (Considine & Hurwitz, 2019). IL-2 

and IFN-α, both recombinant proteins, are commonly utilized cytokines. Because of toxicities have 

been documented initially following intravenous infusion of IL-2, subcutaneous administration is 

currently the preferred approach. IFN-α is given as a subcutaneous injection. With IL-2 alone, a 

success rate of around 15% (partial or total responses) has been achieved, which is better than IFN-

α. Tumor stability can be seen in 15–30% of patients when both treatments are used together 

(Quesada et al., 1985). Many clinical studies examining dosage, manner, as well as timing of 

application has been performed, and they have been thoroughly evaluated. Furthermore, the stated 

efficiency scores for these therapies are often short-term, tumor remission is exceptional, and the 

percentage of patients will eventually advance (Wagstaff et al., 1987). In a phase III trial, 

participants were randomly assigned to receive subcutaneous weekly IFNγ (60 g/m2) or 

placebo.  The effects of cytokines in a living organism are most likely due to the non-specific 

activation of T lymphocytes (CD4+ and CD8+) and potentially natural killer (NK) cells, but new 

evidence suggesting IL-2 affects the homeostasis and function of CD4+ CD25+ regulatory T cells 

is perplexing (Scheffold et al., 2005). IFN-α has anti-angiogenic characteristics and operates on a 

variety of immune effectors. The mechanisms behind cytokine therapy's beneficial benefits have 

yet to be thoroughly studied (Marschall et al., 2003). However, Cytokines are now being 

investigated in conjunction with several other chemotherapeutical drugs to increase therapeutic 

efficacy (Donskov et al., 2002). 

  

3.3.2 Non myeloablative allogenic transplantation immunotherapy  

Non-myeloablative conditioning treatments were used before implantation using stem cells 

generated from HLA-identical sibling donors to reduce transplant-related problems (NST). Several 

hematologic cancers have been successfully treated with allogenic stem cell transplants. The 

treatment's therapeutic impact is linked to graft-versus-host illness, while the anti-tumor, or graft-

versus-tumor, action is assumed to be transmitted by donating T lymphocyte effectors recognizing 

secondary histo-compatibity antigens (Ichard et al., 2000). There has been conducted multiple 

phase I and II clinical testing assessing the efficacy of allogenic transplantation on nephrectomies 
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patients due to the immune-stimulatory features of RCC (Gouttefangeas et al., 2007). The 

approach of using increased immunosuppression instead of myeloablative cytotoxic conditioning 

has allowed allogeneic stem cells from associated and distant donors to engraft with decreased 

early transplant-associated mortality (TRM) and morbidity (Feinstein et al., 2001).  

3.3.3 Tumor antigen-specific immune response 

Antigens related with tumors that are identified by immune system cellular or humoral effectors 

might be used to develop antigen-specific cancer immunotherapy (Jäger et al., 2001). T cells, 

natural killer (NK) cells, and NK T cells play a major role in tumor elimination, according to in 

mammalian research (Belardelli et al., 2002). This reaction, on the other hand, is essentially 

immunological reactivity against malignancies in patients. Kidney cancers are well recognized for 

being often invaded by immune system cells. CD3+ T cells, mostly of the CD8+ instead of CD4+ 

fraction, and NK cells, which can account for up to 15% of the lymphocyte population, account 

for the bulk of these (Angevin et al., 1997). These tumor infiltrating lymphocytes (TIL) have 

stimulation indicators including CD69 and HLA-class II, as well as the ability to carry operational 

NK inhibitory receptors. Certain TCR-Vbeta areas have shown oligoclonal expansions, implying 

in-situ screening of an anti-tumor T-cell range. On a functional level, newly extracted CD8+ TIL 

had a lower cytotoxic capacity, but following in vitro growth, the T cells exhibit a variety of 

regulatory activities, including cytokine release and endogenous tumor cell eradication (Jantzer P, 

1998). The increasing percentage of tumor antigens discovered, as well as experience with peptide 

vaccination in carcinoma, has laid the foundation for the formation of more successful immuno-

therapeutic techniques in renal cancer patients (Jäger et al., 2001). 

 

3.3.4 Discovery of immune checkpoint inhibitor   

The particular activation of regulatory aspects of the adaptive immune response is a novel field of 

research in cancer immunotherapy (Linsley & Bradshaw, 1996). T cells identify antigens linked with 

the leading histocompatibility complex as the initial indications, but other indications via co-

receptors are necessary for optimum T-cell identification and development of a powerful and long-

term T-cell immune response, according to research published in the previous decade (Saby 

George, 2011). Antibodies which inhibit programmed cell death 1 receptor (PD-1) and 
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programmed cell death receptor ligand 1 (PD-L1) for a subgroup of people with cancer have 

attracted researchers' attention since the identification of immune checkpoint proteins. T cell-

mediated immune responses are adversely regulated by PD-1 signaling, which allows 

malignancies to avoid an antigen-specific T cell immune response (Akinleye & Rasool, 2019). 

(See Figure: 4) 

 

Figure 4:  Blockade of immune checkpoints to enhance T cell responses (adapted from Akinleye 
et al., 2019). 

 

It plays a role in promoting cancer development and progression by enhancing tumor cell survival. 

With this background, PD-1 signaling represents a valuable therapeutic target for novel and 

effective cancer immunotherapy. Clinical data shows that blockade of this PD-1 signaling 

significantly enhance antitumor immunity, produce durable clinical responses, and prolong 

survival (Carter et al., 2002). The discovery that RCC is linked to a spontaneous mutation rate, 

and hence perhaps high antigen production, has led to the testing of these medications at various 

phases of the illness (Santoni et al., 2018). Agonist co-receptors like CD28, 4-1BB, and OX40, as 

well as inhibitory coreceptors like CTLA-4 and programmed death-1, are involved in these extra 

signals for successful T-cell priming (PD-1). Antibodies to various immuno-regulatory 

components (both receptors and ligands) have already been produced, and several are now being 

tested in clinical trials with encouraging results, particularly in immunogenic malignant tumors 

like Renal cell carcinoma (George, 2011). 
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3.3.5 Using Stool bacteria:  

Preclinical models and preliminary clinical evidence point to a link between the gut microbiome 

and immunotherapy response in solid tumors, which include metastatic renal cell carcinoma 

(mRCC). It has been characterized that the stool microbiome of mRCC patients taking a 

checkpoint inhibitor (CPI) and evaluated treatment-related modifications in microbiome 

composition over time (Salgia et al., 2020). 
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Chapter 4  

Drug candidates for immunotherapy in RCC   

4.1 PD-1 inhibitors   

4.1.1 Pembrolizumab  

Pembrolizumab (Keytruda®, Merck, Whitehouse Station, NJ) is an extremely potent humanistic 

IgG4 antibody which targets the PD-1 receptor and has been licensed by the US Food and Drug 

Administration (USFDA) for the treatment of patients with metastatic carcinoma. It's being looked 

into for usage in mRCC right now. In patients with advanced cancer with RCC, preliminary safety 

findings from a recent phase I/II research including pembrolizumab plus ipilimumab or pegylated 

interferon alfa-2b (PEG-IFN) were currently revealed. Pembrolizumab is also being tested in 

conjunction with a variety of medicines that have distinct mechanisms of action (Liu et al., 2017). 

It is mostly a protein found on T cells which prevents them from destroying neighboring tissues in 

the area. These medicines increase the response of immune system against kidney cancer cells by 

inhibiting PD-1. Some cancers may shrink or develop more slowly as a result of this treatment 

(cancer.org, 2021).  

4.1.2 Nivolumab  

Nivolumab (Opdivo®, Bristol-Myers Squibb, Princeton, NJ) is a monoclonal antibody that inhibits 

the immunological checkpoint PD-1. Nivolumab is being investigated as a pre- and post-operative 

therapy in malignant RCC, as well as in combination with other medications. It has been widely 

tested in different malignancies and has acquired FDA clearance for the management of mRCC. It 

has quite the same activity as Pembrolizumab (Younes et al., 2016).  

 

4.2 PD-L1 inhibitors   

4.2.1 Avelumab   

Avelumab (MSB0010718C) is a humanized anti-PD-L1 IgG1 monoclonal antibody which inhibits 

PD-1/PD-L1 interactions yet keeping the PD-1/PD-L2 system unaffected. Keeping a natural 

fragment crystallizable region, it may also produce antibody-dependent cell-mediated cytotoxicity 

(ADCC). Avelumab was utilized in patients with resistant tumor cells in a phase Ib trial and 
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demonstrated equivalent toxicity patterns to other PD-1 or PD-L1 inhibitors. Avelumab in 

conjunction with Axitinib is now being evaluated in ongoing two studies (Liu et al., 2017). 

Avelumab (Bavencio) is a drug that targets PD-L1, a protein that is similar to PD-1 and is located 

on tumor cells and immune cells. The PD-L1 protein can be blocked to improve the immune 

reaction to cancer cells. Certain cancers may reduce or develop more slowly as a result of this 

treatment. For those with progressive renal cancer, Avelumab can be combined with the targeted 

medication axitinib as a first-line therapy. This is administered as an Intravenous injection per two 

weeks (Cancer.org, 2021). 

 

4.3 CLTA-4 inhibitor   

4.3.1 Ipilimumab 

Ipilimumab (Yervoy®, Bristol-Myers Squibb, Princeton, NJ) is recognized as anti-CTLA-4 IgG1 

monoclonal antibody which has been authorized by the US Food and Drug Administration for the 

treatment of melanoma. It has been studied in hematologic malignancies as a single drug and in 

combination with nivolumab, with the combination proving to be more successful but with much 

higher toxicity. In mRCC, the combination of nivolumab and ipilimumab is recently being studied 

(Larkin et al., 2015). 

 

4.4 Cytokines  

4.4.1 Interlukin-2 (IL-2)   

Interleukin 2 (IL-2) is the only systemic medication for people with metastatic renal cell carcinoma 

that is currently accessible (RCC). Because it is difficult to deliver and causes toxicity not seen in 

clinical oncologists' practice, high-dose IL-2 has been underutilized in the treatment of patients 

with metastatic RCC. For individuals with extensive RCC, IL-2 should be the primary line of 

therapy. Sorafenib and sunitinib are useful adjuncts in the treatment of these individuals, but they 

should be used only as a last resort (Rosenberg S, 2007). 
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4.4.2 Interferon-α  

Both of the chemotherapy and radiation therapy are ineffective against renal cell cancer. Clinical 

trials have looked at the effectiveness of immunotherapy using IFN- alone or in combination 

with other medicines. Depending on the clinical trial, the medicines were given alone or in 

different combinations with varying timings. In a limited fraction of patients having RCC, IFN- 

as well as IL-2 treatment has resulted in long-term prognosis (Kirkwood, 2002). 
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Chapter 5   

Patients reaction and some challenges  

5.1 Patients reaction 

According to the report of 214 studies, it has been validated that in patients with first-line 

metastatic renal cancer with moderate and low prognosis the nivolumab and ipilimumab 

combination over Sunitinib is quite advantageous. The objective response rate (ORR) was 

counted 42% vs. 27%, and the complete response rate (CRR) was observed 11% vs. 1%. In terms 

of PFS, no changes were seen. After 30 months of follow-up, a latest statement revealed a 

significant rise in OS in favor of the Nivolumab (anti-PD-1) + Ipilimumab (anti-CTLA4) 

combinations. Currently the revisions have also emphasized the advantages of using ICI and TKI 

together. At a 12-month follow-up, the anti-PD-1 which is pembrolizumab with Axitinib 

demonstrated an advantage in terms of OS (Deleuze et al., 2020a). For a subgroup of 10–20 percent 

of patients with metastatic RCC, adjuvant cytokine treatments with IL-2 or IFN- have showed 

relative effectiveness (Gouttefangeas et al., 2007). 

 

5.2 Some challenges of Immunotherapy treatment   

The effectiveness of immunotherapy has prompted new scientific judgment, such as when 

immunotherapy should be used in early stages of disease, how to optimize dose, timeframe, and 

length of treatment, which biomarkers to be used for patient selection, and how to propose 

new surrogate endpoints which represent the effect of immunotherapy on prognosis initially in 

treatment (Emens et al., 2017). There can be some questions arisen whether the drugs of the 

treatment are first-line therapy or up-front. In that case, the clinical trials can make the answers. 

Moreover, determining an appropriate dose also determines the overall survival (OS) of the renal 

cancer patients, so it can be counted as the matter to look into (Deleuze et al., 2020). Besides, 

absence of adequate TAA or combinations can be another challenge as the proper clinical benefits 

cannot be determined sufficiently (Gouttefangeas et al., 2007). 
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5.2.1 Possible side effects for all checkpoints   

5.2.1.1 Side effects for PD-1 inhibitors  

Side effects of PD-1 inhibitors can be-  

 Fatigue 

 Cough 

 Nausea 

 Itching 

 Skin rash 

 Loss of appetite 

 Constipation 

 Joint pain (Cancer.org, 2021). 

5.2.1.2 Side effects for PD-L1 inhibitors 

The most common side effects include- 

In terms of the combination Avelumab with Axitinib:  

 Fatigue 

 Diarrhea 

 High blood pressure 

 Skin rash 

 Blistering 

 Cough 

 Shortness of breath  

 Abdominal pain 

 Diarrhea (Cancer.org, 2021). 

 

5.2.1.3 Side effect for CLTA-4 inhibitor   

The most common side effects from ipilimumab include- 

 Fatigue 
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 Diarrhea  

 Skin rash 

 Itching (Cancer.org, 2021). 

 

5.2.1.4 Some serious side effects for all checkpoints 

Serious adverse effects are less common, but they can happen. These medications function by 

releasing the brakes on the immunological system of the body. The immune system can sometimes 

target other organs or areas of the body, causing major issues in the lungs, intestines, liver, 

hormone-producing glands (such as the thyroid), kidneys, and other organs. These adverse effects 

might be life-threatening in certain persons. It's vital to notify the health care provider immediately 

away, if any new adverse effects during or after treatment are observed. If any major adverse 

effects are experienced, the medications need to be stopped taking and strong doses of 

corticosteroids should be taken to suppress the immune system (Cancer.org, 2021) 

 

5.2.2 Possible side effects for Cytokines   

5.2.2.1 Possible side effect for Interlukin-2 (IL-2)  

Most common side effects shown by high-dose IL-2 are severe. It occurs very rarely. However, it 

can be fatal in the cases (Cancer.org, 2021) 

5.2.2.2 Possible side effect for Interferon-α  

Most common side effects for Interferon- include- 

 Severe fatigue 

 Fluid in the lungs 

 Breathing problem 

 Kidney dysfunction 

 Heart issues 

 Intestinal issues 

 Diarrhea 

 High temperature 
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 Fast heartbeat 

 Psychological issues (Cancer.org, 2021) 

 

Figure 5: Adverse events associated with Ipilimumab, Pembrolizumab, Nivolumab or Ipilimumab 
plus Nivolumab (adapted from Emens et al., 2017).  
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Chapter 6    

Clinical trial of the drug and the success   

6.1 Clinical trial   

From several different trials the treatments for different stages patients has been introduced. Such 

as, Surgery is the only therapeutic option for RCC patients with a renal mass and an inferior vena 

cava (IVC) thrombus (Keane et al., 2007). On the other hand, a patient with metastatic RCC 

immunotherapy should be provided. Adverse effects of ipilimumab related to immunity were 

tended to be associated with response to response. However, they were not required for 

any response. Ipilimumab was evaluated in pretreated individuals with metastatic melanoma in a 

major and random placebo-controlled study, and it was the first therapy in 30 years to demonstrate 

a prognostic value in RCC. After two and three years, patients in the ipilimumab treated group had 

a general survival rate of about 20%, comparing about 10% in the reference vaccination group 

(Hodi et al., 2010). In immunotherapy combining Axitinib is a very common molecule to combine 

with the drugs dedicated to immunotherapy in Renal Cell Carcinoma. Alternative compounds, 

such as Axitinib (AG013736), are being researched. Axitinib is a newly designed small inhibitor 

of the tyrosine kinase component of the VEGF and platelet-derived growth factor receptors. 

Axitinib showed efficacy in cytokine-refractory, metastatic RCC in a phase 2 study, with a number 

of respondents of 46%. The treatment was quite well accepted, with a low level of toxicity. 

Hypertension (12%), severe hypertension (6%), dysentery (6%), exhaustion (6%), rash (4%), and 

joint pain (4%), were all class iii/iv adverse events; 6% of patients terminated therapy as a 

consequence of the adverse consequence. A phase 2 trial is continuing to investigate the safety and 

effectiveness with Axitinib in individuals with malignant or resistant RCC who repeatedly 

disappointed with Sorafenib based treatment (Keane et al., 2007). (See Table: 1) 
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Table 1: Current ongoing clinical trials involving checkpoint inhibitors in Metastatic Renal Cell 
Carcinoma (mRCC) (adapted from Liu et al., 2017). 

 

6.2 Success rate of immunotherapy 

Following recent advancements which resulted in the authorization of medications and therapies 

for cancer, the clinical development of immunotherapy has acquired a new major direction. 

Several additional medications under clinical trials are showing significant potentials. It can 

be single agents. To some extent, it can be combination with any other treatments (Lesterhuis et 

al., 2011). As the introduction of therapeutic chemotherapy for treatment of advanced germ cell 

tumors and choriocarcinomas over 30 years ago, there has been minimal advancement in the field 

of curable therapies for patients with metastatic solid tumors.  Recently, the advancement of 
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immunotherapy, that can treat individuals with cancer, is such notable alternative. T cell transplant 

studies have increased treatment efficacy for cancer recently, and genetic modification of Immune 

cells to produce anticancer receptors is expanding this technique to the cure of different epithelial 

tumors as well. (Raising the Bar: The Curative Potential of Human Cancer Immunotherapy. 

Interleukin-2 immunotherapy has the ability to treat 5 to 10% of individuals with renal cell 

carcinoma. Current adoptive cell transfer (ACT) immunotherapies have increased the treatment 

efficacy to 20 to 40% (Rosenberg, 2012). 
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Chapter 7 

Conclusion and future aspects   

7.1 Conclusion  

Despite different initiatives, such as the use of antibodies or tumor-derived chemicals to activate 

T cells, immunotherapy development is indeed slow. Tumor-Associated Antigens (TAA) 

TA found yet in RCC are frequently not tumor cell specific or only produced in a limited 

percentage of tumors. As a result, additional CD8+-specific TAA-derived epitopes, as well as 

CD4+-specific TAA-derived epitopes, is needed not only for immunotherapy but also surveillance 

(Phan et al., 2003). The discovery of target antigens for T cells, as well as for Ab-based studies, 

should be studied more into this respect. Nevertheless, depending on the previous cancer record, 

this is doubtful that tumor antigen-specific immunotherapy will then be capable improve 

therapeutic significance for treated patients. Alternatively, combination treatments, such as Ab 

treatments with radiotherapy, are now being developed, as they have been for other different 

cancers. Different adjuvants for the activation of immune system are available as well 

(Gouttefangeas et al., 2007).  

7.2 Future aspects  

Considering the success of ICI (Immune Checkpoint Inhibitor) and anti-VEGF (vascular 

endothelial growth factor) combination therapy, several concerns must be addressed. First and 

foremost, the large number of TRAE (treatment-related adverse events) is a cause for worry. for 

balancing the benefits and risks, predictive biomarkers must be identified as soon as possible. 

Second, in the first-line scenario, it's unclear whether we should treat mRCC patients with ICI and 

anti-VEGF (vascular endothelial growth factor) therapies together or in sequence. Third, some 

individuals develop intrinsic or developed resistance to ICI following therapy. More research is 

needed to improve the effectiveness of existing immunotherapy drugs. Adjuvant cytokines, on the 

other hand, were investigated to see whether they may help control the problem, but no further 

benefit was seen. Nonetheless, considering the effectiveness of modern immunotherapy drugs, 

clinical trials for assessing the relevance of ICIs in terms of adjuvant context are now underway 

(Messing et al., 2003). In the future one of these three groups will cover the most effective 

combined therapies. One can be PD1/PDL1 inhibition in combination with other checkpoint 

inhibitors, T cell agonists, or microenvironment changing drugs. The second one can be 
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PD1/PDL1 inhibition in combination with (tailored) vaccination strategies, and the third one can 

be PD1/PDL1 inhibition in combination with adoptive T cell treatment (Hammers et al., 2016). 
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