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Treatment Options for Renal Cell Carcinoma: Mechanisms and Outcomes 

Abstract 
Renal Cell Carcinoma (RCC), cancer of the tubules of the kidneys, has historically been one 
of the most difficult cancers to treat due to its ability to remain hidden in the body for longer 
than other cancers and its tendency to resist traditional forms of chemotherapy and radiation 
therapy. However, both traditional and nontraditional treatments of RCC have seen both 
significant biomedical advancements and clinical instances of use in recent years. In this 
review, we analyze five treatments of RCC: Nephrectomy, Immunotherapy, Anti-Angiogenesis, 
Chemotherapy, and Radiation Therapy, providing background on their mechanisms and 
clinical outcomes. Through our review of studies of clinical outcomes, we reaffirm the existing 
thought that nephrectomy remains the most effective treatment for RCC, while radiation 
therapy and chemotherapy are generally less effective and not recommended for treatment 
on their own. Immunotherapy and anti-angiogenic therapy have been shown to be effective 
treatments in the modern healthcare landscape and show great potential for the future as the 
techniques are better developed and optimized. 
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Introduction

RCC is a cancer in which malignant tumor cells are found in the 
epithelial cells lining the tubules of the kidneys. Globally, it is 
the ninth most common cancer and third most common urinary 
disease [1], being most prominent in Western Europe and North 
America, but it has at least doubled in incidence over the past 50 
years worldwide. Discovery of RCC takes place incidentally in 
many cases, specifically through MRI or CT imaging of either 
unrelated or related symptoms of the abdomen. Clinically, RCC 
can have a reputation of being difficult to diagnose and treat, 
primarily due to its lack of early warning signs, diverse set of 
symptomatic manifestations, and tendency to resist chemotherapy 
and radiation therapy [2]. The three most common pre-diagnosis 
symptoms are hematuria, general flank pain, and the presence of 
a palpable mass on the abdomen. These manifestations together 
are known as the classic triad of RCC, although the classic triad is 
only seen in around 10 percent of diagnoses. There are currently 
nine separate histological subtypes of RCC according to WHO. 
The three most common are clear cell carcinoma, which makes up 
around 75 percent of incidences and affects the proximal nephron, 
papillary, which affects the distal nephron, and chromophobe, 
which affects the distal nephron and intercalated cells. Other less 
common subtypes include cystic, collecting duct, medullary, Xp11 
translocation, neuroblastoma-associated, and mucinous tubular 
and spindle cell carcinoma [3-9]. 

Nephrectomy 

The most common treatment for RCC is to surgically remove 
the kidney and some surrounding structures, known as radical 
nephrectomy. The exact surrounding structures removed depend 
on the specific characteristics of the tumor but are generally 
considered to include the perirenal fat and the adrenal gland. 
However, as of recent, the extent to which these structures are 
to be removed is still under debate [10]. Traditionally, radical 
nephrectomy has been performed as an open surgery, but recent 
advances in both imaging and surgical techniques have allowed 
for more modern surgical techniques to become common in many 
treatment plans. Specifically, increased use of MRI and CT scans 
allows for detection of tumors in the kidneys earlier, which often 
leads to smaller and more localized masses. These masses are 
able to be safely removed in procedures which do not sacrifice the 
entire kidney [11]. This in conjunction with a great improvement to 
general surgical techniques has led to the emergence of minimally 
invasive nephron-sparing surgeries (NSS). NSS is often robot-
assisted and laparoscopic and involves the use of precise incisions 
performed by the surgeon to cut out the cancerous mass while 
saving as much healthy tissue as possible, including the nephron, to 
maintain healthy kidney function [12]. While NSS is not indicated 
in every case, it results in better outcomes, including decreased 
blood loss, shorter recovery times, and less need for anesthetics, 
among others [13]. Figure 1 shows five treatment options for RCC 
in the review.

Nephrectomy Treatment Outcomes 

The outcome of Nephrectomy procedures can be classified into a 
number of subgroups: radical nephrectomies (RN), nephron saving 
surgeries (NSS), Open nephrectomies (ON), and laparoscopic 
nephrectomies (LN). RNs are a surgical procedure that takes out 
the whole kidney while PNs are similar to NSSs that only take out 
the cancerous/damaged tissue and save healthy nephrons. ONs are 
comparable to LN procedures and RNs to PN procedures. While 
nephrectomy treatments can be classified, many sources conclude 
that there are minimal differences in outcomes after ON and LN 

procedures. These differences include mean body mass index, 
tumor size, mean estimated blood loss, rate of blood transfusion, 
and mean length of stay after surgery.  Patients in the LN group 
had a higher mean body mass index (31.9 vs 28.1), smaller tumors 
(7.7 cm vs 9.1 cm), lower mean estimated blood loss (277 vs 1429), 
lower rate of blood transfusion (4.7% vs 45.5%), and a shorter 
mean length of stay (3.5 days vs 5.7 days) compared with patients 
who underwent ON procedures (all above data had significance 
values of p ≤ 0.008). At a median follow-up of 32.8 months, there 
was no significant difference in overall survival (p = 0.8) between 
the two groups [14]. 
    RNs and PNs are compared differently than ONs and LNs. 
RNs and PNs are compared in terms of overall survival, cancer-
specific survival and recurrence-free survival. A study that 
merged six studies involving 19,580 patients concluded that those 
who underwent PN had a better overall survival compared to 
those treated with RN (HR: 0.81, 95% CI: 0.74–0.89; P < 0.001). 
The same study merged six studies involving 18,540 patients 
when comparing the cancer-specific survival and found there 
was little difference between those who were treated with PNs 
in comparison to those treated with RNs (HR: 0.85, 95% CI: 
0.73–1.01; P = 0.060). For recurrence free survival, four studies 
were merged involving 3752 patients and also found similar results 
between patients who underwent PNs to RNs (HR: 0.66, 95% CI: 
0.34–1.31; P = 0.239) [15]. 

Immunotherapy 

RCC is considered an immunogenic tumor, meaning it has the 
capability to illicit an immune response in the body. This fact 
combined with RCC’s traditional tendencies to resist chemotherapy 
and radiation therapy mean that immunotherapy has emerged as 
one of the most promising and prominent treatment techniques 
[16]. A number of immune system components are hijacked 
and changed in typical RCC, allowing for greater evasion of the 
tumor from the body’s natural responses and defenses, and these 
components can be used against the tumors, with two of which 
highlighted here.  

PD-1 Treatment 

PD-1 is a protein expressed on a number of immune cells 
throughout the body, including activated T-cells, B-cells, and 
monocytes. It functions to hold back the immune system during 
times of infection, limiting autoimmunity and damage to the 
healthy body. Many RCC tumors express ligands of PD-1 (often 
PD-L1) on their surfaces, limiting the overall immune response 
towards them [17]. Early studies have begun to demonstrate 
that molecules which target the PD-1 pathway (both PD-1 and 
its ligands) on tumor cells can increase activity of T-cells in the 
targeted regions. The targeting of this pathway can occur through 
either blockading the PD-1 on the T-cells directly or blockading 
the PD-L1. Blockading the PD-1 proteins on T-cells directly with 
antibodies can increase T-cell activity and reduce downregulation, 
increasing activity against tumor cells. There are two general 
mechanisms through which anti-PD-L1 treatments can be utilized. 
First, similar to the anti-PD-1 mechanism, antibodies are bound 
to PD-L1 on tumor cells, limiting their effectiveness. Second, 
some immune checkpoint monoclonal antibodies (MAb) have 
demonstrated an ability to mediate antibody-dependent cell-
mediated cytotoxicity (ADCC) activity along with blocking PD-1 
interaction [18]. ADCC is the process by which antibodies can 
recruit additional immune cells to induce cell death by binding 
to Fc receptors [19] and MAbs capable of both functions are of 
increased interest clinically. Overall, Pd-1/PD-L1 treatments work 
to increase the activity of T-cells and other immune cells against 
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tumors. However, it should be noted that because the activity of 
the immune system is enhanced, a number of side effects are also 
consistent with PD-1 treatment, often autoimmune-like symptoms 
such as fatigue, chills, and gastrointestinal issues [20-23]. 

Cytokine Treatments 

Cytokine treatments have been in use clinically longer than 
immune checkpoint therapies (PD-1) with varying degrees of 
success. These treatments involve introducing cytokines into 
the body, prompting changes within the immune system which 
have been seen to increase tumor responses. IL-2 is a cytokine 
occurring in the body which promotes the growth and proliferation 
of T-cells, effectively boosting the activity of the immune 
system, which is then able to act against RCC. High dose IL-2 
treatment has resulted clinically in positive tumor regression, but 
unfortunately has been associated with high toxicity rates resulting 
from increased immune reactions [24]. IFN-α is a cytokine 
present in the body which functions to facilitate the differentiation 
of monocytes into dendritic cells, which are far more capable 

of recognizing more complex antigens, such as RCC. IFN-α 
treatment has seen more mild tumor reduction results clinically, 
and does still contain a level of toxicity, but the effects are milder 
and resemble that of the flu [25]. Other types of cytokines, such 
as granulocyte-macrophage colony-stimulating factor (GM-CSF), 
which generally drives the formation of additional immune cells 
in the body [26], have been investigated for use for RCC but have 
not been seen to be as effective as IL-2 and IFN-α. Thus, these two 
molecules remain the most prominent cytokine treatments used for 
RCC [27, 28].

Immunotherapy Treatment Outcomes 

There were two main groups of patients with immunotherapy 
treatment: one group was the use of immunotherapy after 
a nephrectomy procedure and one group with just the use 
of immunotherapy. Of the group of starting treatment with 
immunotherapy, there has been positive results for long-term 
survival and response to treatment for some drugs used in 
immunotherapy. A study which followed 1,096 randomized 

Figure 1. Five treatment options for renal cell carcinoma in the review.
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patients with 42 months' minimum follow-up in patients with RCC 
and intermediate/poor-risk disease, median OS (95% CI) favored 
nivolumab plus ipilimumab ( NIVO+IPI) versus sunitinib; n = 65; 
HR, 0.45 (95% CI, 0.3–0.7; P = 0.0004); Progression-free survival 
was also recorded for NIVO+IPI (median 26.5 vs. 5.1 months; HR, 
0.54 (95% CI, 0.33–0.86; P = 0.0093). The confirmed objective 
response rate was 60.8% for patients in the  NIVO+IPI group 
versus 23.1% with those in the sunitinib group, with complete 
response rates of 18.9% versus 3.1%, respectively [29]. 
    Immunotherapy has also been used after a partial or radical 
nephrectomy has been done; a study of 310 patients found that 
there was no difference in reoccurrence-free survival or overall 
survival between a group that was observed after partial or radical 
nephrectomy and one where immunotherapy was given after PN 
or RN [30]. 
    Nivolumab, Ipilimumab and Sunitinib are all common drugs 
used in immunotherapy for RCC. Nivolumab and Ipilimumab 
are also commonly used together, so the side effects associated 
with the two drugs are often compiled as side effects for both 
drugs together; the most common side effects include fatigue, 
diarrhea, pruritus, rash, and elevated aspartate aminotransferase 
[31]. Common side effects for patients undergoing therapy 
with sunitinib are Anorexia, diarrhea, nausea and vomiting, 
oral changes (sensitivity, taste changes, dry mouth, stomatitis 
or mucositis), hypothyroidism, hepatotoxicity, hypertension, 
bleeding, cardiac toxicity, fatigue, skin toxicity, and changes in 
skin or hair color [32]. 

Anti-Angiogenic Therapy 

As is the case with any growing tumor, RCC requires a large 
and constant supply of blood to support its high rate of growth. 
As a result, RCC contains a method of creating new blood 
vessels leading in and out of the tumor itself, a process known 
as angiogenesis [33]. Treatments that specifically target these 
generated blood vessels and their origins have seen some clinical 
success and are known as anti-angiogenic treatments.  

VEGF Antibodies 

Tumor development and growth in RCC is driven by mutations 
in the von Hippel-Lindau tumor suppressor gene (VHL), which 
prevents angiogenesis in wild-type cells by promoting the 
breakdown of the transcription factor hypoxia-inducible factor-
1α (HIF-1α). In mutated renal tumor cells, breakdown of HIF-1α 
does not occur, and it builds up. This buildup causes production 
of angiogenic growth factors such as vascular endothelial growth 
factor (VEGF), which binds to endothelial cell surface receptors 
(VEGFR) and activates a signaling pathway which ultimately 
leads to the proliferation of blood vessels in the tumor. Knowing 
this mechanism of angiogenesis, researchers have been able to 
create antibodies for VEGF which bind to these growth factors and 
neutralize them, preventing them from binding to VEGFR [34-36]. 

mTOR Disruption 

A pathway which has undergone extensive research in broad 
cancer research is the rapamycin (mTOR) pathway. mTOR in 
normally functioning cells is associated with signaling pathways 
that regulate cell apoptosis, autophagy, and cell proliferation. 
However, in cancer cells, overactivation of mTOR plays a role 
in angiogenesis and tumor metabolism. Functionally, mTOR 
is a serine and threonine kinase which is formed of two main 
complexes, TORC1 and TORC2. TORC1 is involved in regulation 
of the aforementioned HIF-1, while TORC2 phosphorylates the 
Akt oncogene, which is involved in the stimulation of angiogenesis 

[37]. Drugs such as Temsirolimus are able to bind to one of the 
complexes and thus disrupt mTOR signaling, which then works to 
slow the process of angiogenesis in RCC [38]. 

Anti-Angiogenic Therapy Treatment Outcomes 

Pazopanib is a tyrosine kinase inhibitor that targets several 
different proteins involved in the process of angiogenesis. By 
inhibiting these proteins, Pazopanib blocks the formation of new 
blood vessels, which can slow or stop the growth and spread of 
cancer cells. A clinical study was done on 435 patients with kidney 
cancer, of which 233 had not received treatment before and 202 
had received cytokine treatment. The study found that Pazopanib 
was effective in improving overall PFS. Patients who received 
Pazopanib had a median PFS of 9.2 months, while those who 
received a placebo had a median PFS of 4.2 months. The study also 
found that the Pazopanib group had a higher response rate of 30% 
compared to the placebo group, which only had a 3% response 
rate. Overall, there were no observed differences in quality of life 
between the two groups, but it was concluded that Pazopanib is an 
effective treatment option for RCC [39]. 

Chemotherapy 

As noted earlier in this paper, RCC is considered resistant to 
chemotherapeutic drugs, and is not considered at this time a viable 
treatment. However, while certainly not being a first option, it has 
been used when other treatments such as immunotherapy fail to 
provide benefit to patients [40, 41]. Chemotherapy resistance in 
RCC is intrinsic to the disease, and the genetic mechanisms are not 
fully understood at this time [42].

Knockdown of REGγ 

While RCC is typically resistant to chemotherapy, there is 
hope that new treatments may soon be able to increase its 
chemosensitivity. A study has recently demonstrated that 
knockdown of the Wnt/beta catenin pathway in RCC tumors 
can induce apoptosis and alter the tumor biology to make 
chemotherapy more effective. microRNA-195-5p is a regulatory 
microRNA which binds to the 3’ untranslated UTR of target genes 
and has been demonstrated to be downregulated in many tumors. 
It is proposed that miR-195-5p binds to REGγ, an oncogene 
which is expressed in the Wnt/beta catenin pathway in RCC, and 
knocks down its activity, leading to beneficial results, including 
chemosensitivity to the chemotherapeutic drug sorafenib. A hope 
of researchers is that these findings may be able to be used in the 
future to develop treatments centered around microRNA-195-5p 
and its tumor suppressing qualities [43]. 

Chemotherapy Treatment Outcomes 

While chemotherapy is a very commonly used treatment for many 
types of cancer, it is not generally used as the main treatment 
for RCC. Many clinical studies analyzing the effectiveness of 
chemotherapy on metastatic RCC suggest that this treatment on 
its own is not very successful. Several drugs have been used in 
various clinical studies such as Gemcitabine and Capecitabine. 
Overall, results from these single agent chemotherapy treatments 
show generally low response rate, progression free survival (PFS), 
and overall survival (OS) values. Studies conducted in 1993 and 
1996 used Gemcitabine to treat mRCC, and the observed response 
rates were 6-10%, the average PFS length was 3.7 months, and the 
average OS length was 12 months. Different studies from 1994, 
2002, and 2007 utilized Capecitabine, but the results were not 
promising whatsoever, with only about 10% of patients having 
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modest responses [44]. Due to generally unsuccessful results from 
studies like these, other treatments and combinations of treatments 
are now more commonly used to treat RCC.  

Radiation Therapy 

Traditionally, RCC has been considered to be extremely resistant 
to classical fractionated radiation therapy, and as a result radiation 
therapy was simply not used as a treatment [45]. However, recent 
advances in technology and methods have begun to open doors for 
the effective use of radiation therapy as a treatment for RCC.  

Stereotactic Ablative Radiotherapy 

Stereotactic Ablative Radiotherapy (SABR) is a technology that is 
highly promising for the treatment of RCC that has been detected 
in early stages. SABR is guided by the use of computerized 
tomography (CT) that is built into the radiation therapy machine 
and allows for more specific doses and limits damage done to 
healthy tissue. This feature allows for minimal side effects for 
the patients. As well, the doses of radiation given are far more 
intense than traditional radiation therapy, meaning both that 
fewer treatments are given, allowing for SABR to be used in 
conjunction with other treatments, and that the treatment is often 
able to overcome the resistance that RCC traditionally has for 
radiation therapy [46]. Unfortunately, as mentioned earlier in this 
paper, there is a smaller percentage of RCC diagnoses that occur 
in the early stages of the disease when compared to other cancers, 
meaning that there are fewer instances when this treatment is 
indicated. However, when indicated SABR is a compelling option 
for treatment [47-49].  

Radiation Therapy Treatment Outcomes 

Similar to chemotherapy, radiation therapy is not usually used as 
a front-line treatment for RCC. It can be used with other treatment 
plans or in special cases, but studies have shown that on its own, 
it is generally not an effective or reliable treatment. One type 
of treatment, stereotactic ablative body radiotherapy (SABR), 
is a more recent treatment that is currently being studied. One 
retrospective review of 16 patients who received SABR treatment 
analyzed the outcomes to attempt to get an accurate understanding 
of its effectiveness. These patients were treated from 2012 to 2015 
and were not eligible for surgery. After early follow ups following 
the SABR treatment, the local control rate was determined to 
be 100% overall with minimal toxicities. Although SABR does 
seem to be successful early on, the study notes that further trials 
should be conducted [50]. Although RCC is generally thought to be 
radioresistant, newer treatments like this should be studied further 
and could be useful for patients who are not able to receive surgical 
treatment. 

Concluding Statements 

In this study, we have discussed five broad clinical treatments 
for RCC, explaining their respective mechanisms and treatment 
outcomes. While surgical removal of the tumor remains both the 
most effective and common treatment, advancements in medical 
technology have brought forward treatments with great potential 
for future use, such as immunotherapy and anti-angiogenic 
therapy, and even made treatments formerly thought as obsolete, 
such as chemotherapy and radiation therapy, more effective. 
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