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Simple Summary: Renal cell carcinoma (RCC) is the most common cancer of the kidney. Historically,
patients with disease extending beyond the kidney had poor oncologic outcomes. However, discovery
of the underlying causes of RCC and the creation of therapeutic agents to target these pathways
has revolutionized the management of metastatic RCC. Application of these agents alone or in
combination with surgery continue to show encouraging results. In this review, we explore the
clinical trial landscape of metastatic RCC, specifically the clear cell type, with particular emphasis on
current and upcoming trials utilizing immunotherapeutic agents.

Abstract: Patients with advanced or malignant renal cell carcinoma at the time of diagnosis have
historically had a poor prognosis. Immunonologic agents have significantly altered the therapeutic
landscape and clinical outcomes of these patients. In this review, we highlight recent and upcoming
clinical trials investigating the role of immunotherapies in clear cell RCC. In particular, we emphasize
immunotherapy-based combinations, including immune checkpoint inhibitor (ICI) combinations,
neoadjuvant, and adjuvant ICI, and ICI agents combined with anti-VEGF therapy.

Keywords: renal cell carcinoma; immunotherapy; kidney cancer; immune checkpoint inhibitors

1. Introduction

Worldwide, renal cell carcinoma (RCC) accounts for nearly 5% of all cancers in males
and 3% of all cancers in females. Among these incident RCCs, clear cell histology (ccRCC)
comprises 75%, the most common subtype [1]. The rising incidence of RCC is often
attributed to the increased use of axial imaging in patients with nonspecific gastrointestinal
complaints. This has led to the increased incidental detection of small renal masses.
However, an important proportion of detected disease is advanced in nature with up to
17% of patients having metastatic disease at the time of diagnosis. In addition, between
20 and 40% of patients with localized disease who initially underwent extirpative surgery
will eventually develop distant metastasis [2].

Patients with metastatic RCC (mRCC) can be categorized into various risk groups
based on well-established clinical and laboratory factors. Data consolidated from clinical
trials during the interferon « (IFN-«) era of systemic therapy led to the development of
the Memorial Sloan-Kettering Cancer Center (MSKCC) prognostic model (Table 1). As
treatment of mRCC was revolutionized by targeted therapy against the vascular endothelial
growth factor (VEGF) pathway, a more contemporary prognostic model was developed
by the International mRCC Database Consortium (IMDC). Patients with 0 risk factors are
designated as favorable risk, those with one to two risk factors—intermediate risk, and
those with >3 risk factors—high risk [3,4].
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Table 1. Risk factors included in the MSKCC and IMDC prognostic models. Patients with 0 risk
factors are designated as favorable risk, one to two risk factors—intermediate risk, and those with
>3 risk factors—high risk. v'included in model. X not included in model.

Variable Value MSKCC IMDC
Karnofsky Score <80 v v
Diagnosis to treatment time <12 months v v
Hemoglobin <Lower limit of normal v v
Corrected Calcium >10 mg/dL v v
LDH 1.5x normal v X
Platelets >400k X v
Neutrophils 7 x 10° X v

The recent adoption of immune checkpoint inhibitors (ICIs) has led to an upgraded ar-
senal to combat mRCC. While immunotherapy with IL-2 and IFN-a maintains an important
historical presence and still represents a valuable therapeutic option in the management of
mRCC, the present role of immunotherapy in the setting of ICIs represents a paradigm shift.
CheckMate-025, reported in 2015, was the first phase III clinical trial to delineate the efficacy
of immunotherapy in the setting of mRCC. In this study, advanced and metastatic RCC
patients previously treated with antiangiogenic targeted therapy (IT), were randomized
to either nivolumab, a PD-1 ICI, or everolimus, an mTOR inhibitor. Those who received
nivolumab had a higher median OS (25 vs. 19.6 months, HR 0.73, 98.5% CI 0.57-0.93,
p = 0.002) and fewer grade 3 or 4 adverse events than those receiving everolimus [5]. Given
this encouraging data, interest in utilizing ICI as first line therapy emerged.

Contemporary clinical trials have adopted combination therapy as the definitive strat-
egy for the management of mRCC. This approach is based on the promising efficacy of
combination therapy in multiple different cancer types [6]. There are currently seven phase
III randomized controlled trials (RCT) that have adopted either ICI + ICI or ICI + TT as
combination therapy in the first line for the treatment of mRCC with a clear cell component
(Table 2). The objective of this review is to provide a solid framework to understand the ra-
tionale behind combination immunotherapy, to thoroughly discuss the six aforementioned
RCTs, and to discuss future directions that should be considered given the ever-burgeoning
role of combination immunotherapy in the management of clear cell nRCC. Data regarding
non-clear cell histology is beyond the scope of this review.

Table 2. Phase III clinical trials reporting data in mRCC treated with ICI + ICI or ICI + TT. OS—overall survival. ORR—
objective response rate. PFS—progression free survival. NE—not estimable. HR—hazard ratio. CI—confidence interval.

Primary

Trial Name (NCT) Phase Status Experimental Arm(s) Comparator Outcome(s) Primary Result(s)
CheckMate 025 Active, not . ; 25.0 months (95%CI 21.8 to NE) vs.
(NCT01668784) I recruiting Nivolumab everolimus 05 19.6 months (95%CI 17.5-23.1)
CheckMate 214 I Active, not nivolumab + itinib OORSR NR 352 /Eév (S) %—I7R/o,0p 6?5 O'Og%) 001
(NCT02231749) recruiting ipilimumab sunitint PES 116 vs. 8.4 months: HR '0”83 p=0.03
CheckMate 9ER I Active, not nivolumab + sunitinib PFS 16.6 month (95%CI 12.5-24.9) vs. 8.3
(NCT03141177) recruiting cabozantinib month (95%CI 7.0-9.7)

. lenvatinib + 14.7 vs. 9.2 months; HR, 0.65; 95%CI,
(NC%ESAJ;%D 1 ?Sﬁiﬂ?ii?g everolimus sunitinib PFS 053-080,p <0001
envatinib + 23.9 vs. 9.2 months; HR, 0.39; 95%CI,
pembrolizumab 0.32-0.49; p < 0.001
IMmotion151 I Active, not atezolizumab + itinib PFS (PD-L1+) 11.2 vs. 7.7, HR 0.74, 95%CI 0.57-0.96
(NCT02420821) recruiting bevacizumab sunitint OS (ITT) HR 0.93, 95%CI 0.76-1.14
. . 13.8 vs. 7.0; HR 0.62, 95%CI 0.49-0.77
Javelin Renal 101 I Active, not s i PFS (PD-L1+) 4 . 4
2 avelumab + axitinib sunitinib p < 0.001
(NCTO02684006) recruiting HR 0.828, 95%CI 0.596-1.151,
OS (PD-L1+) = 0.1301
Keynote 426 Active, not pembrolizumab + . PFS 154 vs. 11.1 months, HR 0.71, 95%CI
NCT02853331 1T recruitin, iting sunitinib 0.60-0.84, p < 0.0001
( ) 8 axitinib oS NR vs. 35.7 month; HR 0.68, 95%CI

0.55-0.85, p = 0.0003
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2. Rationale for Treatment

The treatment paradigm for metastatic RCC has undergone a rapid transformation
over the last 20 years. Until 2005, the therapeutic cytokines, high dose IL-2 and IFN-«,
were considered the standard of care [7,8]. These early forms of immunotherapy triggered
anti-tumor effects by activating cytotoxic T cells and upregulating various other cytokines.
The high doses needed to impart effective responses, however, often resulted in significant
toxicity requiring intensive care unit level care and in some cases mortality [9,10].

To understand the rationale behind the use of more contemporary targeted therapies
and immune checkpoint inhibitors, it is vital to understand the role each pathway plays
in tumorigenesis and tumor persistence. In 60 to 90% of sporadic cases of RCC, the von-
Hippel Landau (vhl) tumor suppressor gene is inactivated via somatic mutation or promotor
methylation [11]. This leads to the constitutive activation of hypoxia-inducible factor (hif)
and subsequent upregulation of HIF-related proteins, most notably VEGF [12]. Another
important pathway that ultimately leads to the upregulation of HIF and VEGF is the
dysregulation of the PI3K/ Akt pathway that leads to activation of mTOR kinase [13]. VEGF
ultimately promotes angiogenesis leading to tumor formation, but also induces tumor
persistence by promoting the expansion of inhibitory immune cells including regulatory
T cells, tumor associated macrophages, and myeloid-derived suppressor cells and by
inhibiting the maturation of antigen presenting dendritic cells. In addition, VEGF also
promotes PD-1 expression on CD8+ T cells and contributes to their exhaustion by inducing
FAS ligand expression on endothelial cells [14]. This mechanism of action of VEGF on the
immune system is represented in Figure 1. Contemporary combination immunotherapy
trials have utilized a multitude of agents that target this pathway. TTs that were utilized in
the six prominent combination immunotherapy RCTs are represented in Figure 2, based on
the portion of the VEGF pathway they inhibit.

Endothelial Cells

(+)

Precancerous Cell —

FAS

FAS Ligand

Mature Dendritic Cell

Tcoa+

Treg M2 Macrophage

Endothelial Cells
Figure 1. VEGF promotes many immune mediated effects that promotes tumorigenesis. VEGF

upregulates immunosuppressive cells such as myeloid-derived suppressor cells (MDSCs), T regu-
latory cells (Treg), and M2 macrophages which promote tumor cell formation as indicated by the
(+) sign. In addition, VEGF prevents the maturation of dendritic cells and reduces the effectiveness
and number of CD8+ T cells by inducing PD1/PD-L1 interactions and by promoting FAS binding.
Because dendritic cells and CD8+ T cells normally inhibit tumorigenesis, a (-) sign is seen adjacent to
their depictions.
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Sunitinib (Contrel Arm)
Axitinib (Keynote 426, Javelin Renal 101)

Everolimus (CLEAR) Lenvatinib (CLEAR)
Cabozantinib (CheckMate 9ER)

° Bevacizumab (IMmotion I151)

VHL Gene Stlmulates
Mutation Inhibits

Figure 2. Mechanism of angiogenesis in sporadic RCC. Everolimus—inhibitor of mTOR. Sunitinib—
tyrosine kinase inhibitor of VEGF. Axitinib-TKI of VEGF. Lenvatinib—multiple kinase inhibitor of
VEGF. Cabozantinib—TKI of RET, MET, and VEGFR2. Bevacizumab-anti-VEGF monoclonal antibody.

While targeted therapy has revolutionized the management of mRCC, development
of tumor resistance and lack of complete responses has led to the development of a novel
treatment strategy known an immune checkpoint inhibition (ICI). When the programmed
death receptor 1 (PD-1) receptor on cytotoxic T cells binds to either programmed death
receptor ligand 1 or 2 (PD-L1 or PD-L2), the immune cell is inactivated helping the tumor
cell evade attack [15]. While PD-1/PD-L1 attenuates T-cell receptor signaling during later
stages of the T cell response, CTLA-4, another important player in this pathway, acts as an
immune system attenuator in earlier stages, primarily acting on CD4+ effector T cells [16].
Thus, negating these two immune suppressive systems is crucial in preventing tumor
persistence. ICls that were implemented in the six prominent combination immunotherapy
RCTs are represented in Figure 3 based on the portion of the ICI pathway they act upon.

Atezolizumab (IMmotion 151)
Ipilimumab (CheckMate 214) Avelumab (Javelin Renal 101)

CD8+T Cell Tumor Cell

Nivolumab (CheckMate 214, CheckMate 9 ER)
Pembrolizumab (Keynote 426, CLEAR)

Figure 3. Schema of tumor induced T-cell anergy and immuno-oncology agents. Ipilimumab-anti-
CTLA4 monoclonal antibody. Nivolumab-anti-PD-1 monoclonal antibody. Pembrolizumab-anti-
PD-1 monoclonal antibody. Atezolizumab-anti-PD-L1 monoclonal antibody. Avelumab-anti-PD-L1
monoclonal antibody:.

Perhaps the simplest rationale for combining drug interventions in cancer therapy is
to simultaneously inhibit multiple pathways to minimize tumor escape. There is, however,
more complexity when choosing drug combinations and often one agent can synergistically
enhance the effectiveness of the other. Additive toxicity profiles can also make doublet
regimens difficult to tolerate, especially in pre-treated populations. Pro-angiogenic factors,
such as VEGE, cause the dysregulated formation of leaky tumor vasculature; TTs down-
regulate this continuous angiogenic signaling causing formation of more mature vessels
and, thus, enhancing the local concentration of various systemic agents, most notably
ICIs [17-19]. Thus, one rational for the combination of VEGF inhibitors and IClIs is their
synergistic anti-cancer effect.
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3. ICI + TT Combination Therapy

Several phase 3 trials have incorporated the use of one immune checkpoint inhibitor
and one targeting agent of the VEGF pathway in the treatment of clear cell mRCC. There
are currently five prominent clinical trials with robust data showing the efficacy and safety
of this combination strategy (Table 2). Inclusion criteria are shown in Table 3.

Table 3. Inclusion criteria of phase III clinical trials exploring advanced or metastatic RCC. *PROSPER
RCC included M1 disease that is planned to be definitively treated within 12 weeks of nephrectomy
such that the patient is M0, no evidence of disease.

Prior Systemic

Trial Name (NCT) Histology Stage Treatment
CheckMate 025 Clear-cell component Advanced or Zﬁfi_c:nhyo prior
(NCT01668784) P Metastatic RCC angtogenic

therapies permitted
One prior therapy in
CheckMate 214 Clear-cell component Advanced or resectable RCC
(NCT02231749) p Metastatic RCC permitted except
those targeting VEGF
One prior therapy in
CheckMate 9ER Clear-cell component Advanced or resectable RCC
(NCT03141177) p Metastatic RCC permitted except
those targeting VEGF
No prior systemic
CLEAR Clear-cell component Advanced or anti-cancer
(NCT02811861) p Metastatic RCC treatments for RCC
permitted
No prior systemic
IMmotion151 Clear-cell component Advanced or anti-cancer
(NCT02420821) P Metastatic RCC treatments for RCC
permitted
No prior systemic
Javelin Renal 101 Clear-cell component Advanced or anti-cancer
(NCT02684006) p Metastatic RCC treatments for RCC
permitted
No prior systemic
Keynote 426 Clear-cell component Advanced or anti-cancer
(NCT02853331) Metastatic RCC treatments for RCC
permitted
No prior systemic
NORDIC-SUN All histological . anti-cancer
(NCT03977571) subtypes Metastatic RCC treatments for RCC
permitted
No prior systemic
PROSPER RCC All histological cT2-4 Nx, cT1-4 N1, anti-cancer
(NCT03055013) subtypes Mo* treatments for RCC
permitted
No prior systemic
SURTIME . anti-cancer
(NCT01099423) Clear-cell subtype Metastatic RCC treatments for RCC
permitted
No prior systemic
PROBE All except collectin . anti-cancer
(NCT04510597) duct carcinoma Metastatic RCC treatments for RCC
permitted

Based on phase 1b trial data demonstrating the antitumor activity of combination
pembrolizumab and axitinib in untreated clear cell nRCC, Keynote 426 was developed to
compare outcomes in a RCT setting [20]. In this phase 3 trial, patients were randomized
in a 1:1 ratio to receive either pembrolizumab 200 mg intravenously every 3 weeks and
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axitinib 5 mg orally twice daily (AXI-PEMBRO), or sunitinib 50 mg daily on a 4 |2 schedule
(SUN) [21]. Recently, extended follow-up data have been published from this trial [21].
Overall, 861 patients were randomized with roughly 70% having IMDC intermediate
or high risk disease. In the ITT population, patients who received AXI-PEMBRO had
improved overall survival (not reached vs. 35.7 months, HR 0.68, 95% CI [0.55-0.85]),
improved progression free survival (15.4 vs. 11.1 months, HR 0.71, 95% CI [0.60-0.84]),
and higher objective response rates (60% vs. 40%) than those who received SUN. The
same findings remained when a sub analysis was performed in patients with intermediate
and high risk disease. Overall survival, however, was not superior in patients receiving
AXI-PEMBRO in the favorable risk group which may be secondary to the indolent nature of
favorable disease and its greater susceptibility to VEGF pathway manipulation. Overall, the
total percentage of patients experiencing grade 3 or 4 adverse events was similar between
the AXI-PEMBRO and SUN treatment groups (66% vs. 61%). The most common grade 3 or
4 treatment related side effect in the AXI-PEMBRO group was hypertension (22%), increase
in ALT (13%), and diarrhea (10%). Interestingly, after adjusting for dose exposure, the
number of adverse events of any grade was lower in the AXI-PEMBRO group (63 events
per 100 person-months vs. 97 events per 100 person-months). Treatment related side effects
lead to the interruption of the axitinib and pembrolizumab combination in 30% of patients
and a complete discontinuation in 7% of patients (although higher numbers experienced
interruption or discontinuation of one of the two drugs in the combination). In the sunitinib
group, drug interruption was experienced in 44% of patients and discontinuation in 12%
of patients. Based on this data, AXI-PEMBRO has been approved by the FDA as first line
treatment for patients with metastatic RCC [22].

Phase 1b data from a single group, nonrandomized trial with 55 advanced RCC
patients undergoing therapy with axitinib and avelumab boasted objective response rates
of 58% at 52 weeks of follow-up. A higher rate of objective responses appeared to be
associated to the presence of at least 1% PD-L1 expression on tumor-associated immune
cells [23]. This data prompted the development of the phase 3 trial, JAVELIN Renal 101,
which randomized patients to either avelumab 10mg/kg intravenously every 2 weeks and
axitinib 5 mg orally twice daily (AXI-AVE) or sunitinib 50 mg orally on a 4|2 schedule
(SUN) [24]. Patients who received AXI-AVE had improved progression free survival
regardless of PD-L1 status when compared to those who received SUN (13.3 vs. 8.0 months,
HR 0.69, 95% CI [0.56-0.84]). In addition, patients who had PD-L1 positive tumors received
a marginally higher relative progression free survival than the overall population when
compared to sunitinib (13.8 vs. 7.0 months, HR 0.62, 95% CI [0.49-0.78]). AXI-AVE also
sported higher anti-tumor activity in both patients with PD-L1 positive tumors (55.2%
vs. 25.5%) and the overall population (51.4% vs. 25.7%). Overall survival data at this
point is still immature, however, with a HR of 0.828 (95% CI [0.6-1.15]) in the PD-L1+
population and a HR of 0.796 (95% CI [0.62-1.03]) in the overall population [25]. AXI-AVE
and SUN had roughly equal safety profiles with the regimens causing grade 3 or higher
adverse events in 71.2% and 71.5% of patients, respectively. The most common grade 3 or
higher adverse events reported in the AXI-AVE group were hypertension (25.6%), increased
ALT (6.0%), and palmar-plantar erythrodysesthesia syndrome (5.8%). Treatment related
side effects resulted in the discontinuation of both avelumab and axitinib in only 7.6% of
patients while 13.4% of patients discontinued sunitinib secondary to toxicity. AXI-AVE is
currently approved by the FDA for frontline use in patients with advanced RCC [22].

Another combination strategy was utilized in IMmotion151 which explored dual
inhibition with simultaneous atezolizumab and bevacizumab. Interestingly, bevacizumab
was used historically in combination with IFN-«, an older form of immunotherapy, but
its use fell out of favor due considerable patient morbidity and lack of sustained durable
benefit [26,27]. In this phase 3 trial, patients were randomized in a 1:1 ratio to either
atezolizumab 1200 mg and bevacizumab 15 mg/kg intravenously every 3 weeks (ATEZO-
BEV), or the standard of care sunitinib 50 mg orally daily on a 4|2 schedule [28]. Median
progression free survival favored combination therapy in patients who received ATEZO-
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BEV in both the ITT (11.2 vs. 8.4 months, HR 0.83, 95% CI [0.70-0.97]) and the PD-L1
positive population (11.2 vs. 7.7 months, HR 0.74, 95% CI [0.57-0.96]) when compared to
those receiving SUN. However, overall survival differences did not reach significance in
the initial analysis. Of note, the ATEZO-BEV regimen appears to have particular efficacy
in RCC with sarcomatoid features, a variant with a generally poor prognosis. In a subset
analysis, patients receiving ATEZO-BEV had longer progression free survival regardless of
PD-L1 expression (8.3 vs. 5.3 months, HR 0.52, 95% CI [0.34-0.79]) and achieved impressive
objective response rates (49% vs. 14%) including complete responses in 10% of patients as
opposed to 3% with SUN [29]. ATEZO-BEV was associated with fewer grade 3 or 4 adverse
events (40% vs. 54%), lower discontinuation rate secondary to treatment related side effects
(5% vs. 8%), and a longer drug exposure period prior to symptom interference (11.3 vs.
4.3 months, HR 0.56, 95% CI 0.46-0.68) when compared to SUN. Importantly, patients
receiving ATEZO-BEV reported milder treatment and disease related symptoms associated
with a decreased quality of life compared to those receiving SUN. ATEZO-BEV has been
approved for unresectable hepatocellular carcinoma, but not for advanced RCC to date.

Following two phase 3 trials showing improved survival with the use of cabozantinib
and nivolumab individually when compared to sunitinib therapy, the checkmate 9ER
trial was designed, in which combination cabozantinib and nivolumab (NIVO-CABO)
was investigated [5,30]. In this study, patients were randomized in to either nivolumab
240 mg every 2 weeks intravenously and cabozantinib 40 mg orally daily, or to sunitinib
50 mg orally daily on a 412 schedule [31]. Patients who received NIVO-CABO had longer
progression free survival (16.6 vs. 8.3 months, HR 0.51, 95% CI [0.41-0.64]), overall survival
(not reached for both arms, HR 0.60, 95% CI [0.40-0.89]), and higher objective response
rates (55.7% vs. 27.1%) with 8% having complete responses compared to 4% in patients
who received SUN. As a common theme, NIVO-CABO has also not been shown to improve
overall survival in IMDC favorable risk patients (HR 0.84, 95% CI 0.35-1.97). Combination
therapy with cabozantinib and nivolumab did cause more grade 3 or 4 adverse events
than sunitinib monotherapy (60.6% vs. 50.9%) with hypertension, diarrhea, and various
lab abnormalities (hyponatremia, hypophosphatemia, and AST/ALT abnormalities) being
most frequently experienced. 19.1% of patients required high dose corticosteroids (>40 mg
of prednisone or equivalent) for treatment related adverse events. In addition, 19.7% of
patients discontinued at least one of the two agents due to side effects and only 5.6%
discontinued both; sunitinib, in contrast, was discontinued in 16.9% of patients due to
adverse events. Importantly, patient reported metrics (FKSI-19 questionnaire) showed that
although scores were similar between both arms, quality of life was maintained overtime
with NIVO-CABO, while a gradual deterioration was noted with SUN. NIVO-CABO is
currently approved by the FDA for the frontline treatment of metastatic RCC [22].

The CLEAR trial, the most recent trial investigating combination immunotherapy
in metastatic RCC, is unique in that patients were assigned to three different treatment
arms. Lenvatinib and pembrolizumab as monotherapies have been previously shown to
have efficacy against advanced RCC and in a phase 1b/2 trial their combined use has
also shown promising antitumor activity [32,33]. In this study, patients were randomized
1:1:1 to either lenvatinib 20 mg orally daily and pembrolizumab 200 mg every 3 weeks
intravenously (LEN-PEMBRO), lenvatinib 20 mg orally daily and everolimus 5 mg orally
(LEN-EVERO) daily, or to sunitinib 50 mg orally daily on a 412 schedule (SUN) [34].
Patients on LEN-PEMBRO had longer OS (NR vs. NR, HR 0.66, 95% CI [0.49-0.88]) and
PFS (23.9 vs. 9.2 months, HR 0.39, 95% CI [0.32-0.49]), higher objective response rates
(71% vs. 36.1%) and complete response rates (16.1% vs. 4.2%), and a longer duration of
response (25.8 vs. 14.6 months). LEN-EVERO also sported improved PFS compared to
SUN (14.7 vs. 9.2 months, HR 0.65, 95% CI [0.53-0.80]), but unlike LEN-PEMBRO did not
show improved OS (NR vs. NR, HR 1.15, 95% CI [0.88-1.50]). Notably, PFS was improved
with LEN-PEMBRO when compared to SUN amongst all MSKCC and IMDC risk groups;
in addition, expression of PD-L1 did not impact the effectiveness of this treatment regimen.
Grade 3 or 4 adverse events occurred in 82.4% of patients who received LEN-PEMBRO,
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83.1% of patients who received LEN-EVERO, and 71.8% of patients who received SUN.
The most common treatment related side effects that occurred in all three groups was
diarrhea, hypertension, an elevated lipase level, and hypertriglyceridemia. Notably, both
LEN-PEMBRO and LEN-EVERO had higher rates of proteinuria than SUN, and SUN had
higher rates of palmar-plantar erythrodysesthesia syndrome. In the LEN-PEMBRO group
13.4% of patients had to discontinue both medications and 78.4% had to interrupt at least
one of the medications secondary to treatment related adverse events. In the LEN-EVERO
group, 18.9% discontinued both drugs, and 73.2% had dose interruptions of at least one
drug under similar circumstances. Drug interruptions in these regimens did not differ very
significantly from the SUN regimen, which experienced a 14.4% discontinuation rate and
a 53.8% drug interruption rate. Due to the tolerability and efficacy of the LEN-PEMBRO
regimen, it is currently receiving priority review by the FDA for the frontline treatment of
metastatic RCC [35].

4. ICI + ICI Combination Therapy

Given the success of immune checkpoint inhibitors in CheckMate 025 in the second line
setting after treatment with antiangiogenic therapy, a paradigm shift has occurred propelling
these agents to the first line for treatment naive mRCC. In a phase 2 study, ipilimumab
monotherapy at a dose of 3 mg/kg was associated with a 12.5% objective response rate
but was associated with significant immune-mediated toxicity with 43% of patients having
grade 3 to 5 adverse events [36]. Given that combination therapy with both nivolumab and
ipilimumab has shown enhanced tumor activity in a variety of cancers, CheckMate 016, a
phase 1 trial, sought to determine the optimal regimen for safety in patients with mRCC.
Patients who received nivolumab (3 mg/kg) and ipilimumab (1 mg/kg) had equivalent
objective response rates at 40.4% and significantly lower grade 3 or 4 adverse events (38.3%
vs. 61.7%) than those who received nivolumab (1 mg/kg) and ipilimumab (3 mg/kg) [37]. It
appears that high dose ipilimumab is the most prominent factor when establishing toxicity
in this patient population. Thus, nivolumab (3 mg/kg) and ipilimumab (1 mg/kg) became
the dose regimen utilized in the phase 3 trial CheckMate 214.

CheckMate 214 has produced provocative data favoring the use of combination
ICI therapy over the previous standard of care, sunitinib monotherapy, in patients with
previously untreated mRCC with a clear cell component. In this trial, patients were
randomized in a 1:1 ratio to either nivolumab (3 mg/kg) and ipilimumab (1 mg/kg) every
3 weeks for 4 doses followed by nivolumab (3 mg/kg) every 2 weeks (IPI-NIVO), or
sunitinib 50 mg orally once a day for 4 weeks followed by 2 weeks off therapy, a 412
schedule (SUN) [38]. Recently, 4-year durable follow-up data have been published. In total,
1096 patients were randomized with an intention to treat (ITT), with approximately 80% of
this population having IMDC intermediate or high risk disease. In the ITT group, patients
who received IPI-NIVO had improved overall survival (not reached vs. 38.4 months, HR
0.69, 95% CI [0.59-0.81]) and higher objective response rates (39.1% vs. 32.4%) than those
who received SUN. When analyzing patients with intermediate or high risk disease, those
who received IPI-NIVO had improved overall survival (48.1 vs. 26.6 months, HR 0.65,
95% CI [0.54—-0.78]), improved progression free survival (11.2 vs. 8.3 months, HR 0.74,
95% CI [0.62-0.88]), and higher objective response rates (41.9% vs. 26.8%) when compared
to those who received SUN. Of note, improved overall survival occurred in this group
regardless of PD-L1 expression, although a more pronounced effect was seen in those with
>1% expression when compared to those with <1% expression (HR 0.45 vs. 0.79).

Interestingly, in the favorable risk population, while OS benefit for either treatment
arm was inconclusive with a 4-year minimum follow up, IPI-NIVO underperformed SUN
in both progression free survival (28.9 vs. 12.4 months, HR 1.84, 95% CI [1.29-2.62] and
objective response rates (29.6% vs. 51.6%). This comes with a caveat, however, as patients
who received IPI-NIVO had nearly double the complete response rate (12% vs. 6.5%) in this
population. In addition, favorable risk patients are more likely to achieve these survival
benefits off therapy when originally receiving IPI-NIVO, thus avoiding treatment related
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toxicity. In terms of safety, patients in the IPI-NIVO group had fewer grade 3 or 4 adverse
events (47.9% vs. 64.1%) than those in the SUN group. The most common grade 3 or
4 toxicities in the IPI-NIVO group were elevated lipase levels (10%), fatigue (4%), and
diarrhea (4%). In the SUN group the most common grade 3 or 4 toxicities were hypertension
(16%), palmar-plantar erythrodysesthesia (9%), and fatigue (9%). Treatment related adverse
events lead to the discontinuation of a patient’s drug regimen in 22.7% in the IPI-NIVO arm
and in 13.1% in the SUN arm. Finally, 29.1% of patients treated with IPI-NIVO received high
dose glucocorticoids (>40 mg of prednisone daily) for any grade adverse events [38,39].
Given the favorable profile of this data, the Food and Drug Administration (FDA) has
approved combination therapy with nivolumab and ipilimumab for the treatment of
patients with treatment naive mRCC with intermediate or high risk disease.

5. Cytoreductive Nephrectomy (CN) + ICI

Historically, CN, with the addition of systemic cytokines, was the standard of care for
patients with metastatic RCC. Supportive data were purported by two major randomized
trials, SWOG 8949 and EORTC 30947, which showed a significant survival advantage
in patients who received CN and cytokine therapy versus those who received cytokine
monotherapy [40]. The role of CN recently came into question after the publication
of the CARMENA trial results, which indicated that sunitinib monotherapy was non-
inferior to CN followed by sunitinib [41]. However, this trial was contaminated by a
significant proportion of patients who were in the high risk category or had a large volume
of metastatic burden outside the kidney. In addition, the slow accrual witnessed in this trial
highlights a potential recruitment bias in which lower risk patients chose not to enroll [42].
The SURTIME trial further investigated the role of CN by exploring the ideal order of
systemic therapy and extirpative surgery. While this study suffered from poor accrual, the
ITT analysis showed a significant overall survival advantage (32.4 vs. 15 months, HR 0.57)
in patients who received systemic targeted therapy prior to CN [43]. Ultimately, there is
still a prominent role of CN in the advanced RCC population, but patient selection is of
utmost importance.

With the advent of combination immunotherapy, the role of CN is being reinvestigated.
In an NCDB study by Singla et al., 391 surgical candidates diagnosed with treatment naive
mRCC received either CN and ICI or ICI alone. With a median follow-up of 14.7 months,
patients who underwent CN had improved overall survival (NR vs. 11.6 months, HR 0.23).
Those who received ICI prior to CN had decreased pathologic T stages, grades, tumor sizes,
and lymphovascular invasion rates than those who had upfront CN. In addition, 10% (2 of
20 patients who underwent CN after ICI) had complete responses and pT0 disease on post-
operative pathology [44]. This large retrospective cohort study demonstrated a profound
role of CN in the era of combination immunotherapy and made way for investigative
clinical trials.

Numerous clinical trials have burgeoned from the idea that deferred CN is the optimal
approach for patients with mRCC who are surgical candidates (Table 4). Given the potent
anti-tumor effects of immune checkpoint inhibition, deferred CN allows patients to receive
the benefit of systemic therapy while avoiding treatment delay and ineffective extirpa-
tive surgery in cases of disease progression. NORDIC-SUN (NCT03977571) and PROBE
(NCT04510597) are two examples of phase 3 clinical trials that seek to investigate whether
CN and perioperative combination immunotherapy potentiates an overall survival benefit
compared to combination immunotherapy alone in patients with advanced RCC [45,46].
In addition, CYTO-KIK (NCT04322955) is a notable phase 2 trial whose primary goal is
to determine the number of mRCC patients who will achieve complete response follow-
ing treatment with perioperative nivolumab and cabozantinib [44]. Of note, each of the
aforementioned trials has a histological component with the goal of identifying biomarkers
that can predict response to combination immunotherapy. While the introduction of novel
immune system based systemic therapies vastly outpaces clinical trial data, the results of
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these aforementioned studies will be crucial to determine the future role of CN in this era
of advanced RCC treatment.

Table 4. Clinical trials investigating the role of ICI + CN or ICI + SR. OS—overall survival. CRR—complete response
rate. PFS—progression free survival. EFS—event-free survival. ORR—objective response rate. HR—hazard ratio. SBRT—

stereotactic body radiation therapy.

Trial Name Experimental Primary Primary
(NCT) Phase Status Arm(s) Comparator Outcome(s) Result(s)
cabozantinib +
Cyto-KIK . . .
(NCT04322955) I Recruiting nivolumab + - CRR Ongoing
nephrectomy
nivolumab +
: ipilimumab then nivolumab +
NORDIC-SUN 1T Recruiting CN then ipilimumab then oS Ongoing
(NCTO03977571) . .
nivolumab nivolumab
maintenance
PROSPER RCC ... nivolumab then .
(NCT03055013) 111 Recruiting nephrectomy Nephrectomy EFS Ongoing
sunitinib then
SURTIME nephrectomy + 42% vs. 43%;
(NCT01099423) i Completed sunitinib nephrectomy then PES p =061
sunitinib
PROBE nivolumab or (nivolumab or
1 Recruiting pembrolizumab or ~ pembrolizumab or (OF] Ongoing
(NCT04510597)
avelumab avelumab) + CN
NIVES Active, not . .
(NCT03469713) IT recruiting nivolumab + SBRT - ORR Ongoing
RADVAX nivolumab + 56%; 90%CI
(NCT03065179) 1 Completed 4 i umab + SBRT il ORR 38.7-78.9%

6. Stereotactic Radiation (SR) + ICI

Traditionally, RCC has been thought to be resistant to conventional fractionations of
SR. However, it is now known that high doses per fraction can overwhelm the natural
radio-resistance of RCC and provide an effective means of local therapy. In a meta-analysis
of 28 studies which included mRCC patients with oligometastatic disease, 90% of lesions
treated with SR did not show radiographic progression at 1 year and only minimal toxicity
was noted (~1%) [47]. In a more recent retrospective analysis, 60 patients with histologically
confirmed RCC (88.3% with ccRCC) and radiographic evidence of visceral or lymph node
metastasis who underwent robotic radiosurgery, a variant of SR, were shown to have
excellent local tumor control (96.7%) and minimal adverse events (8.3%) with only one
grade 4 AE noted [48]. It is thus conceivable that SR provides an effective alternative
for cytoreduction in patients with metastatic disease, and in combination with combined
immunotherapy, may provide a survival benefit especially in poor surgical candidates.

There are now several ongoing clinical trials involving SR and immunotherapy that
are showing promise. The basis of these studies is from preclinical data suggesting that SR
releases tumor antigens thus working synergistically with ICIs. For instance, early data
from the phase 2 NIVES trial showed improved response rates to nivolumab in irradiated
metastatic sites (26.9%) when compared to non-irradiated sites (17.4%) supporting the
aforementioned preclinical findings [49]. In addition, RADVAX RCC (NCT03065179) and
CYTOSHRINK (NCT04090710) are phase 2 randomized trials, which seek to evaluate
objective responses to SR and combination ipilimumab and nivolumab in patients with
oligometastatic RCC [49,50]. Results of these later two trials are especially important as
they involve patients with IMDC intermediate or high risk disease who are not surgical
candidates. Thus, if efficacy is demonstrated, a cytoreductive option is available for this
specific patient population.
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7. Triple Therapy Regimens

Given the success of two agent combination therapies, the natural progression would
be to implement a third agent, which preferably acts upon a different portion of the
tumorigenesis pathway and to study this new combination’s safety and efficacy. Adopting
triple therapy regimens begets two important questions, however: (1) how do we adjust
the dose of each individual agent in order to optimize safety and efficacy? (2) Will the
targeting of multiple pathways in the first line reduce the efficacy of second line therapies
in the cases of disease progression? There is currently one active phase 3 trial investigating
such regimens involving the use of a HIF-2cx antagonist, and there are numerous phase 1
and 2 trials underway utilizing a plethora of different agents (Table 5).

Table 5. Clinical trials investigating the combination of three or more systemic therapies in ccRCC.

Trial
Number/Name

Comparator Primary

Arm Endpoint Status

Phase Histology Drug(s)

Nivolumab +
bempe-
CC component  galdesleukin +
axitinib
Ni\{)olumab +
empe- Nivolumab +
Phase II galdeslerljlkin + Cabozantinib ORR
cabozantinib

PIVOT 10 011 Phase I - AEs

(NCT04540705) Recruiting

Sitravatinib +
NCT04518046 Phase I/Ib CC nivolumab + - AEs Recruiting
ipilimumab

4 cycles of
cabozantinib +
nivolumab +
NCT04413123 Phase II nCC ipilimumab - ORR Recruiting
followed by
cabozantinib +
nivolumab

- ipi-549 +
(Nngogglgl 298) Phase II CC atezolizumab + - CR Recruiting

bevacizumab

Change in Bifi-
Nivolumab + dobacterium
Ipilimumab composition of
stool

CBM588 +
NCT03829111 Phase ] CC component nivolumab +
ipilimumab

Recruiting

Atezolizumab +
NCT03024437 Phase I/11 All entinostat + - Dose, ORR Recruiting
bevacizumab

Cabozantinib
S-malate +
ipilimumab +
nivolumab

NCT02496208 Phase I CcC - Dose, AEs Recruiting

Pembrolizumab
+ belzutifan +

MK-6482-012 lenvatinib Pembrolizumab s
(NCT04736706) ~ Phaselll cc Pembrolizumab/  + Lenvatinib PFS, OS Recruiting
quavonlimab +
lenvatinib

Although combination immunotherapy has incurred significant survival advantage
and durable response rates in patients with advanced RCC, many will inevitably experi-
ence disease progression thus necessitating targeting another portion of the tumorigenesis
pathway. When the vhl tumor suppressor gene, which plays an important role is RCC
pathogenesis, is inactivated, an accumulation of HIF-2 occurs, which subsequently dimer-
izes HIF-1f3 leading to the upregulation of oncogenic proteins, such as VEGFA, PDGFB,
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TGFa, cyclin D1, and CXCR4 [51]. Targeting HIF will thus undoubtedly play a crucial role
in the treatment of mRCC.

A dose escalation phase 1 trial which studied the first-generation HIF-2o antagonist,
PT2385, in patients with previously treated advanced ccRCC showed complete and partial
response rates of 2% and 12% respectively with satisfactory tolerability [52]. These results
propagated the development of a second-generation HIF-2« inhibitor, MK6482. Results
from a phase 1/2 trial and phase 2 trial involving MK6482 were recently presented at
GU ASCO. In one study, 55 heavily pretreated patients with mRCC (81% received prior
PD1/PD-L1 inhibitors and 92% received prior VEGF inhibitors) who were then treated
with MK6482 achieved a 25% objective response rate and a median PFS of 14.5 months [53].
Another investigation which studied combination cabozantinib and MK6482 showed an
ORR of 20% and 90.2% experienced tumor shrinkage in previously treated patients [54].
In addition, MK6482 appears to be generally well tolerated with the most common grade
3 or 4 AEs being anemia (27%) and hypoxia (16%), which were readily treatable with
erythropoietin stimulating agents and supplemental oxygen. In addition, no new side
effects were noted when MK6482 was implemented in combination with cabozantinib.
There are currently several phase 3 comparative trials underway utilizing MK6482 in
combination with TKIs in the second-line setting after ICI failure [55,56]. In fact, impressive
preliminary data have already launched HIF-2c agents into first line treatment regimens
with combination immunotherapy. An early phase 3 trial will be recruiting patients to
determine if the addition of MK6482 to LEN-PEMBRO, the regimen utilized in the CLEAR
trial, will provide an improved survival advantage [57].

In addition, included in other triple therapy phase 1/1I regimens are various novel
agents with unique drug targets, such as bempegaldesleukin (an engineered I1-2 cytokine
prodrug), IPI-549 (a PI3K-Y inhibitor acting upstream of mTOR), CBM588 (a strain of
Clostridium butyricum which may alter the gut microbiome and improve ICI effectiveness),
and entinostat (a histone deacetylase inhibitor with synergistic antitumor effects with
immunotherapy such as high dose 11-2) [58-61].

8. Adjuvant Immunotherapy for High-Risk Localized ccRCC

Nearly 20-40% of patients with localized RCC will develop distant metastasis even
after surgical extirpation [62]. In fact, those patients in the highest risk categories have
nearly a 50% chance of recurring within 6 years of nephrectomy [63]. Multiple predictive
factors have been identified to stratify patients into various risk categories. These factors
include ECOG performance status, nuclear tumor or Fuhrman grade, tumor stage, nodal
involvement, margin status, microvascular invasion, necrosis, and sarcomatoid or rhab-
doid differentiation [64]. Various risk stratification calculators such as the MSKCC, UISS,
Leibovich, and SSIGN nomograms have been designed to identify patients with the highest
probability of developing recurrence and metastasis as these patients will theoretically
attain the highest benefit from adjuvant therapy regimens. Fundamentally, the objective of
administering adjuvant therapy is to eliminate micrometastatic disease that could not be
debulked from primary extirpation. This strategy has been employed in a number of other
types of solid tumors, and thus numerous clinical trials have been opened for patients
with RCC in order to identify an effective regimen. Given the robust data surrounding
combination immunotherapy in the metastatic setting for patients with ccRCC, it makes
logical sense that such regimens may also provide benefit in the adjuvant setting as well.

Interim data from adjuvant treatment with TKIs and mTOR inhibitors have to this
point not shown consistent survival benefit in the adjuvant setting. In fact, only one
clinical trial, S-TRAC, was able to show disease free survival benefit, resulting in a rather
half-hearted FDA approval of sunitinib after nephrectomy in high-risk patients [65]. One
theory that has been suggested as to why only S-TRAC was able to show survival benefit
was that it implemented the strictest inclusion criteria, only allowing patients with at
least pT3 disease to participate. ASSURE (sunitinib vs. sorafenib vs. placebo), PROTECT
(pazopanib), ARISER (girentuximab), ATLAS (axitinib), and SORCE (sorafenib for 3 years
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vs. sorafenib for 1 year then placebo for 2 years) all allowed patients with high grade
pT1b disease and pT2 disease thus potentially including a subset of patients that may be
less likely to harbor micrometastatic disease and would thus contaminate survival results
for high-risk patients [66—70]. In a post-hoc analysis of the ASSURE trial in which only
the highest risk subset of patients was analyzed (pT3, pT4, or N+), no survival benefit
was noted despite more stringent characterization of this high-risk population [10]. These
results may at least be partially attributable to the fact that nearly 20% of the ASSURE
treatment arm included patients with non-clear cell histology, as disease free survival
benefit was seen on the ATLAS subset analysis. Nevertheless, the general consensus at this
time is to not offer adjuvant therapy in high-risk localized disease outside of a clinical trial.

Given the impressive data surrounding ICIs and the durable responses they provide
especially in ccRCC, several clinical trials have been developed to study their efficacy
in the adjuvant setting. Checkpoint inhibition may provide an improved response to
micrometastatic disease as it instills direct cytotoxic effects rather than acting secondarily
by preventing angiogenesis, which may not be a critical component of micrometastasis
tumor biology. General trial design includes administration of therapeutic agents 8 to
12 weeks after surgical extirpation of clear cell or sarcomatoid differentiated RCC. Interim
results of IMMotion 010 (atezolizumab), Keynote 564 (pembrolizumab), Checkmate 914
(ipilimumab and nivolumab), PROSPER (neoadjuvant and adjuvant nivolumab), and RAM-
PART (durvalumab vs. durvalumab and tremelimumab) are pending [71-74]. Ultimately, if
results from these phase III trials are promising, a variety of combination immunotherapy
regimens would likely be studied as is being done in the metastatic setting, providing an
exciting frontier in the management of high-risk localized ccRCC.

9. Future Considerations

Combination immunotherapy regimens have become the standard of care in the
treatment of mRCC with a clear cell component, given robust data from high quality RCTs.
Despite providing an improved survival advantage compared to sunitinib monotherapy,
an important question that will arise when devising new trials is determining a proper
comparator group. While caution needs to be taken when comparing data from different
trials, perhaps future drug regimens should utilize LEN-PEMBRO as the comparator group
as patients in this trial achieved the highest progression free survival (23.9 months) in
all risk categories, the highest rates of objective response (71.0%) and complete response
(16.1%), and the highest percentage of population living at two years (79.2%) [34].

Many patients on combination immunotherapy will also experience serious treatment
related immune-related toxicities. The ability to predict which patients will respond most
profoundly will allow us to maximize clinical benefit; this idea emphasizes the importance
of predictive candidate biomarkers. Unfortunately, no biomarkers to date have proven
to be applicable clinically. Perhaps the most logical biomarker, PD-L1, was not shown to
accurately determine clinical response to ICIs. Patients throughout the seven prominent
RCC discussed had potential for objective and even complete response despite PD-L1
status. This finding may be secondary to the variability of both commercially available
PD-L1 clones and heterogenous expression of PD-L1 in various tumor regions [75,76]. Ulti-
mately, the complex immunologic milieu of each individual patient appears to be the most
important criteria when determining the efficacy of combination immunotherapy. This may
also be why PD-L1 status fails to predict therapeutic effectiveness of immunomodulatory
therapy; it is in fact the complex interplay of specific T-lymphocyte subsets, absence of
immunosuppressive elements, and the quality of the local immune contexture that are
greater determinants [77]. There is much room to grow in this area and numerous studies
are being conducted to discover these predictive biomarkers.

Finally, given the advent of a new era of systemic therapy for clear cell mRCC, it is
perhaps an opportune time to revisit the current risk stratification system. It is likely that
as the IMDC risk stratification system implemented new risk factors for assessing disease
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severity, data from contemporary RCTs will add or replace risk factors as well. This new
system can be utilized in future RCTs and will be an integral part of trial design.

10. Conclusions

Given the impressive survival data seen in contemporary combination immunother-
apy trials, the armamentarium for the treatment of advanced clear cell renal cell carcinoma
is bound to change swiftly. With immune checkpoint inhibitors at the backbone of future
regimens, combination therapies will include cytoreductive surgery, radiation, mechanisti-
cally unique targeting agents, and the use of three or more agents in one regimen. With the
implementation of such strategies, it will be paramount to balance the risks and benefits of
such regimens. Careful patient selection will remain critical and novel biomarkers will be
needed to help identify subpopulations most likely to benefit from intensified treatment
regimens [78,79].

Author Contributions: Conceptualization, E.A.S. and S.K.D.; methodology, E.A.S., S K.D.; writing—
original draft preparation, S.K.D. and Z.R.L.; writing—review and editing, SK.D., ZR.L, AT, AK,,
K.C,H.VP,AS.and E.AS; visualization, Z.R.L. and A.T,; supervision, E.A.S.; project administration,
E.AS.; funding acquisition, E.A.S. All authors have read and agreed to the published version of
the manuscript.

Funding: This work is supported by a grant from the National Cancer Institute (P30CA072720).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Capitanio, U.; Bensalah, K.; Bex, A.; Boorjian, S.A.; Bray, F.; Coleman, J.; Gore, J.L.; Sun, M.; Wood, C.; Russo, P. Epidemiology of
Renal Cell Carcinoma. Eur. Urol. 2019, 75, 74-84. [CrossRef]

2. Padala, S.A.; Barsouk, A.; Thandra, K.C.; Saginala, K.; Mohammed, A.; Vakiti, A.; Rawla, P,; Barsouk, A. Epidemiology of Renal
Cell Carcinoma. World . Oncol. 2020, 11, 79-87. [CrossRef] [PubMed]

3.  Motzer, R].; Mazumdar, M.; Bacik, J.; Berg, W.; Amsterdam, A.; Ferrara, J. Survival and Prognostic Stratification of 670 Patients
with Advanced Renal Cell Carcinoma. J. Clin. Oncol. 1999, 17, 2530-2540. [CrossRef]

4. Heng, D.Y,; Xie, W.; Regan, M.M.; Harshman, L.C.; A Bjarnason, G.; Vaishampayan, U.N.; Mackenzie, M.; Wood, L.; Donskov, E,;
Tan, M.-H.; et al. External validation and comparison with other models of the International Metastatic Renal-Cell Carcinoma
Database Consortium prognostic model: A population-based study. Lancet Oncol. 2013, 14, 141-148. [CrossRef]

5. Motzer, R].; Escudier, B.; McDermott, D.E.; George, S.; Hammers, H.]J.; Srinivas, S.; Tykodi, S.S.; Sosman, J.A.; Procopio, G.;
Plimack, E.R.; et al. Nivolumab versus Everolimus in Advanced Renal-Cell Carcinoma. N. Engl. ]. Med. 2015, 373, 1803-1813.
[CrossRef] [PubMed]

6. Ott, PA.; Hodi, ES.; Kaufman, H.L.; Wigginton, ].M.; Wolchok, J.D. Combination immunotherapy: A road map. J. Immunother.
Cancer 2017, 5, 16. [CrossRef]

7. Allard, C.B.; Gelpi-Hammerschmidt, F.; Harshman, L.C.; Choueiri, TK; Faiena, I.; Modi, P.; Chung, B.L; Tinay, L; Singer, E.A.;
Chang, S.L. Contemporary trends in high-dose interleukin-2 use for metastatic renal cell carcinoma in the United States. Urol.
Oncol. Semin. Orig. Investig. 2015, 33, 496.e11-496.e16. [CrossRef]

8.  Rini, B.I,; McDermott, D.F.; Hammers, H.; Bro, W.; Bukowski, R.M.; Faba, B.; Faba, J.; Figlin, R.A.; Hutson, T.; Jonasch, E.; et al.
Society for Immunotherapy of Cancer consensus statement on immunotherapy for the treatment of renal cell carcinoma. .
Immunother. Cancer 2016, 4, 81. [CrossRef]

9. Vachhani, P; George, S. VEGF inhibitors in renal cell carcinoma. Clin. Adv. Hematol. Oncol. 2016, 14, 1016-1028.

10. Margolin, K.A. Interleukin-2 in the treatment of renal cancer. Semin. Oncol. 2000, 27, 194-203. [PubMed]

11.  Rini, B.I; Small, E.J. Biology and Clinical Development of Vascular Endothelial Growth Factor-Targeted Therapy in Renal Cell
Carcinoma. J. Clin. Oncol. 2005, 23, 1028-1043. [CrossRef]

12.  Kaelin, W.G,, Jr. The VHL Tumor Suppressor Gene: Insights into Oxygen Sensing and Cancer. Trans. Am. Clin. Climatol. Assoc.
2017, 128, 298-307. [PubMed]

13. Lieberthal, W.; Levine, ].S. The Role of the Mammalian Target of Rapamycin (mTOR) in Renal Disease. J. Am. Soc. Nephrol. 2009,
20, 2493-2502. [CrossRef]

14. Tamura, R; Tanaka, T.; Akasaki, Y.; Murayama, Y.; Yoshida, K.; Sasaki, H. The role of vascular endothelial growth factor in the
hypoxic and immunosuppressive tumor microenvironment: Perspectives for therapeutic implications. Med. Oncol. 2019, 37, 2.
[CrossRef] [PubMed]

15. Khetani, V.V,; Portal, D.E.; Shah, M.R.; Mayer, T.; Singer, E.A. Combination drug regimens for metastatic clear cell renal cell

carcinoma. World J. Clin. Oncol. 2020, 11, 541-562. [CrossRef] [PubMed]


http://doi.org/10.1016/j.eururo.2018.08.036
http://doi.org/10.14740/wjon1279
http://www.ncbi.nlm.nih.gov/pubmed/32494314
http://doi.org/10.1200/JCO.1999.17.8.2530
http://doi.org/10.1016/S1470-2045(12)70559-4
http://doi.org/10.1056/NEJMoa1510665
http://www.ncbi.nlm.nih.gov/pubmed/26406148
http://doi.org/10.1186/s40425-017-0218-5
http://doi.org/10.1016/j.urolonc.2015.06.014
http://doi.org/10.1186/s40425-016-0180-7
http://www.ncbi.nlm.nih.gov/pubmed/10768598
http://doi.org/10.1200/JCO.2005.01.186
http://www.ncbi.nlm.nih.gov/pubmed/28790514
http://doi.org/10.1681/ASN.2008111186
http://doi.org/10.1007/s12032-019-1329-2
http://www.ncbi.nlm.nih.gov/pubmed/31713115
http://doi.org/10.5306/wjco.v11.i8.541
http://www.ncbi.nlm.nih.gov/pubmed/32879843

Cancers 2021, 13, 4140 15 of 18

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Gao, X.; McDermott, D.F. Ipilimumab in combination with nivolumab for the treatment of renal cell carcinoma. Expert Opin. Biol.
Ther. 2018, 18, 947-957. [CrossRef] [PubMed]

Kazerounian, S.; Lawler, J. Integration of pro- and anti-angiogenic signals by endothelial cells. ]. Cell Commun. Signal. 2018, 12,
171-179. [CrossRef]

Lupo, G.; Caporarello, N.; Olivieri, M.; Cristaldi, M.; Motta, C.; Bramanti, V.; Avola, R.; Salmeri, M.; Nicoletti, F.; Anfuso, C.D.
Anti-angiogenic Therapy in Cancer: Downsides and New Pivots for Precision Medicine. Front. Pharmacol. 2017, 7, 519. [CrossRef]
Song, Y.; Fu, Y.; Xie, Q.; Zhu, B.; Wang, J.; Zhang, B. Anti-angiogenic Agents in Combination With Immune Checkpoint Inhibitors:
A Promising Strategy for Cancer Treatment. Front. Immunol. 2020, 11, 1956. [CrossRef]

Atkins, M.B.; Plimack, E.R.; Puzanov, I.; Fishman, M.N.; McDermott, D.E,; Cho, D.C.; Vaishampayan, U.; George, S.; Olencki, T.E.;
Tarazi, ].C.; et al. Axitinib in combination with pembrolizumab in patients with advanced renal cell cancer: A non-randomised,
open-label, dose-finding, and dose-expansion phase 1b trial. Lancet Oncol. 2018, 19, 405-415. [CrossRef]

Powles, T.; Plimack, E.R.; Soulieres, D.; Waddell, T.; Stus, V.; Gafanov, R.; Nosov, D.; Pouliot, F.; Melichar, B.; Vynnychenko,
I; et al. Pembrolizumab plus axitinib versus sunitinib monotherapy as first-line treatment of advanced renal cell carcinoma
(KEYNOTE-426): Extended follow-up from a randomised, open-label, phase 3 trial. Lancet Oncol. 2020, 21, 1563-1573. [CrossRef]
FDA. FDA Approves Pembrolizumab Plus Axitinib for Advanced Renal Cell Carcinoma. Available online: https://www.fda.gov/
drugs/drug-approvals-and-databases/fda-approves-pembrolizumab-plus-axitinib-advanced-renal-cell-carcinoma (accessed on
8 July 2021).

Choueiri, T.K,; Larkin, J.; Oya, M.; Thistlethwaite, F; Martignoni, M.; Nathan, P.; Powles, T.; McDermott, D.; Robbins, P.B.; Chism,
D.D.; et al. Preliminary results for avelumab plus axitinib as first-line therapy in patients with advanced clear-cell renal-cell
carcinoma (JAVELIN Renal 100): An open-label, dose-finding and dose-expansion, phase 1b trial. Lancet Oncol. 2018, 19, 451-460.
[CrossRef]

Motzer, R.J.; Robbins, P.B.; Powles, T.; Albiges, L.; Haanen, J.B.; Larkin, J.; Mu, X.J.; Ching, K.A.; Uemura, M.; Pal, SK,; et al.
Avelumab plus axitinib versus sunitinib in advanced renal cell carcinoma: Biomarker analysis of the phase 3 JAVELIN Renal 101
trial. Nat. Med. 2020, 26, 1733-1741. [CrossRef]

Choueiri, T.; Motzer, R.; Rini, B.; Haanen, J.; Campbell, M.; Venugopal, B.; Kollmannsberger, C.; Gravis-Mescam, G.; Uemura, M.;
Lee, J.; et al. Updated efficacy results from the JAVELIN Renal 101 trial: First-line avelumab plus axitinib versus sunitinib in
patients with advanced renal cell carcinoma. Ann. Oncol. 2020, 31, 1030-1039. [CrossRef]

Rini, B.I,; Halabi, S.; Rosenberg, ].E.; Stadler, W.M.; Vaena, D.A.; Ou, S.-S.; Archer, L.; Atkins, J.N.; Picus, J.; Czaykowski, P.; et al.
Bevacizumab Plus Interferon Alfa Compared with Interferon Alfa Monotherapy in Patients with Metastatic Renal Cell Carcinoma:
CALGB 90206. J. Clin. Oncol. 2008, 26, 5422-5428. [CrossRef]

Rini, B.I.; Halabi, S.; Rosenberg, ].E.; Stadler, WM.; Vaena, D.A.; Archer, L.; Atkins, ].N.; Picus, J.; Czaykowski, P.; Dutcher, J.; et al.
Phase III Trial of Bevacizumab Plus Interferon Alfa versus Interferon Alfa Monotherapy in Patients with Metastatic Renal Cell
Carcinoma: Final Results of CALGB 90206. J. Clin. Oncol. 2010, 28, 2137-2143. [CrossRef]

Rini, B.I.; Powles, T.; Atkins, M.B.; Escudier, B.; McDermott, D.E,; Suarez, C.; Bracarda, S.; Stadler, W.M.; Donskov, F.; Lee, J.L.;
et al. Atezolizumab plus bevacizumab versus sunitinib in patients with previously untreated metastatic renal cell carcinoma
(IMmotion151): A multicentre, open-label, phase 3, randomised controlled trial. Lancet 2019, 393, 2404-2415. [CrossRef]

Rini, B.IL; Motzer, R.].; Powles, T.; McDermott, D.F,; Escudier, B.; Donskov, F.; Hawkins, R.; Bracarda, S.; Bedke, J.; De Giorgi,
U.; et al. Atezolizumab plus Bevacizumab Versus Sunitinib for Patients with Untreated Metastatic Renal Cell Carcinoma and
Sarcomatoid Features: A Prespecified Subgroup Analysis of the IMmotion151 Clinical Trial. Eur. Urol. 2021, 79, 659-662.
[CrossRef] [PubMed]

Choueiri, T.K.; Halabi, S.; Sanford, B.L.; Hahn, O.; Michaelson, M.D.; Walsh, M.K.; Feldman, D.; Olencki, T.; Picus, J.; Small, E.J.;
et al. Cabozantinib versus Sunitinib as Initial Targeted Therapy for Patients with Metastatic Renal Cell Carcinoma of Poor or
Intermediate Risk: The Alliance A031203 CABOSUN Trial. J. Clin. Oncol. 2017, 35, 591-597. [CrossRef] [PubMed]

Choueiri, T.K.; Powles, T.; Burotto, M.; Escudier, B.; Bourlon, M.T.; Zurawski, B.; Juarez, VM.O.; Hsieh, ].J.; Basso, U.; Shah, A.Y;
et al. Nivolumab plus Cabozantinib versus Sunitinib for Advanced Renal-Cell Carcinoma. N. Engl. |. Med. 2021, 384, 829-841.
[CrossRef]

Motzer, R.J.; Hutson, T.E.; Glen, H.; Michaelson, D.; Molina, A.; Eisen, T.; Jassem, J.; Zolnierek, J.; Maroto, J.P.; Mellado, B.; et al.
Lenvatinib, everolimus, and the combination in patients with metastatic renal cell carcinoma: A randomised, phase 2, open-label,
multicentre trial. Lancet Oncol. 2015, 16, 1473-1482. [CrossRef]

Taylor, M.H.; Lee, C.-H.; Makker, V.; Rasco, D.; Dutcus, C.E.; Wu, J.; Stepan, D.E.; Shumaker, R.C.; Motzer, R.J. Phase IB/II Trial
of Lenvatinib Plus Pembrolizumab in Patients With Advanced Renal Cell Carcinoma, Endometrial Cancer, and Other Selected
Advanced Solid Tumors. J. Clin. Oncol. 2020, 38, 1154-1163. [CrossRef]

Motzer, R.; Alekseev, B.; Rha, S.-Y,; Porta, C.; Eto, M.; Powles, T.; Griinwald, V.; Hutson, T.E.; Kopyltsov, E.; Méndez-Vidal, M.].;
et al. Lenvatinib plus Pembrolizumab or Everolimus for Advanced Renal Cell Carcinoma. N. Engl. J. Med. 2021, 384, 1289-1300.
[CrossRef] [PubMed]


http://doi.org/10.1080/14712598.2018.1513485
http://www.ncbi.nlm.nih.gov/pubmed/30124333
http://doi.org/10.1007/s12079-017-0433-3
http://doi.org/10.3389/fphar.2016.00519
http://doi.org/10.3389/fimmu.2020.01956
http://doi.org/10.1016/S1470-2045(18)30081-0
http://doi.org/10.1016/S1470-2045(20)30436-8
https://www.fda.gov/drugs/drug-approvals-and-databases/fda-approves-pembrolizumab-plus-axitinib-advanced-renal-cell-carcinoma
https://www.fda.gov/drugs/drug-approvals-and-databases/fda-approves-pembrolizumab-plus-axitinib-advanced-renal-cell-carcinoma
http://doi.org/10.1016/S1470-2045(18)30107-4
http://doi.org/10.1038/s41591-020-1044-8
http://doi.org/10.1016/j.annonc.2020.04.010
http://doi.org/10.1200/JCO.2008.16.9847
http://doi.org/10.1200/JCO.2009.26.5561
http://doi.org/10.1016/S0140-6736(19)30723-8
http://doi.org/10.1016/j.eururo.2020.06.021
http://www.ncbi.nlm.nih.gov/pubmed/32654802
http://doi.org/10.1200/JCO.2016.70.7398
http://www.ncbi.nlm.nih.gov/pubmed/28199818
http://doi.org/10.1056/NEJMoa2026982
http://doi.org/10.1016/S1470-2045(15)00290-9
http://doi.org/10.1200/JCO.19.01598
http://doi.org/10.1056/NEJMoa2035716
http://www.ncbi.nlm.nih.gov/pubmed/33616314

Cancers 2021, 13, 4140 16 of 18

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

MERCK. Eisai and Merck Receive Breakthrough Therapy Designation from FDA for LENVIMA® (lenvatinib mesylate) and
KEYTRUDA® (pembrolizumab) as Combination Therapy for Advanced and/or Metastatic Renal Cell Carcinoma. Available
online: https:/ /www.merck.com/news/ eisai-and-merck-receive-breakthrough-therapy-designation-from-fda-for-lenvima-
lenvatinib-mesylate-and-keytruda-pembrolizumab-as-combination-therapy-for-advanced-and-or-metastatic-rena/ (accessed on
8 July 2021).

Yang, J.C.; Hughes, M.; Kammula, U.; Royal, R.; Sherry, RM.; Topalian, S.L.; Suri, K.B.; Levy, C.; Allen, T.; Mavroukakis, S.;
et al. Ipilimumab (Anti-CTLA4 Antibody) Causes Regression of Metastatic Renal Cell Cancer Associated With Enteritis and
Hypophysitis. J. Immunother. 2007, 30, 825-830. [CrossRef] [PubMed]

Hammers, H.J.; Plimack, E.R.; Infante, ].R.; Rini, B.I.; McDermott, D.F.; Lewis, L.D.; Voss, M.H.; Sharma, P,; Pal, S.K.; Razak,
A.R.A,; et al. Safety and Efficacy of Nivolumab in Combination With Ipilimumab in Metastatic Renal Cell Carcinoma: The
CheckMate 016 Study. J. Clin. Oncol. 2017, 35, 3851-3858. [CrossRef]

Motzer, R.J.; Tannir, N.M.; McDermott, D.E,; Frontera, O.A.; Melichar, B.; Choueiri, TK,; Plimack, E.R.; Barthélémy, P.; Porta, C.;
George, S.; et al. Nivolumab plus Ipilimumab versus Sunitinib in Advanced Renal-Cell Carcinoma. N. Engl. ]. Med. 2018, 378,
1277-1290. [CrossRef] [PubMed]

Albiges, L.; Tannir, N.M.; Burotto, M.; McDermott, D.; Plimack, E.R.; Barthélémy, P; Porta, C.; Powles, T.; Donskov, E.; George, S.;
et al. Nivolumab plus ipilimumab versus sunitinib for first-line treatment of advanced renal cell carcinoma: Extended 4-year
follow-up of the phase III CheckMate 214 trial. ESMO Open 2020, 5, e€001079. [CrossRef] [PubMed]

Shinder, B.M.; Rhee, K.; Farrell, D.; Farber, N.J.; Stein, M.N.; Jang, T.L.; Singer, E.A. Surgical Management of Advanced and
Metastatic Renal Cell Carcinoma: A Multidisciplinary Approach. Front. Oncol. 2017, 7, 107. [CrossRef] [PubMed]

Méjean, A.; Ravaud, A.; Thezenas, S.; Colas, S.; Beauval, J.-B.; Bensalah, K.; Geoffrois, L.; Thiery-Vuillemin, A.; Cormier, L.;
Lang, H.; et al. Sunitinib Alone or after Nephrectomy in Metastatic Renal-Cell Carcinoma. N. Engl. ]. Med. 2018, 379, 417-427.
[CrossRef] [PubMed]

Tabakin, A.L.; Stein, M.N.; Anderson, C.B.; Drake, C.G.; Singer, E.A. Cytoreductive nephrectomy for metastatic renal cell
carcinoma, the ultimate urologic ‘Choosing Wisely’ campaign: A narrative review. Transl. Cancer Res. 2020, 9, 7337-7349.
[CrossRef] [PubMed]

Bex, A.; Mulders, P; Jewett, M.; Wagstaff, ].; Van Thienen, ].V.; Blank, C.U.; Van Velthoven, R.; Laguna, M.D.P.; Wood, L.;
Van Melick, H-H.E,; et al. Comparison of Immediate vs Deferred Cytoreductive Nephrectomy in Patients With Synchronous
Metastatic Renal Cell Carcinoma Receiving Sunitinib: The SURTIME Randomized Clinical Trial. JAMA Oncol. 2019, 5, 164-170.
[CrossRef]

ClinicalTrials.gov. CYTO Reductive Surgery in Kidney Cancer Plus Immunotherapy and Targeted Kinase Inhibition (Cyto-KIK).
Available online: https://clinicaltrials.gov/ct2/show /NCT04322955 (accessed on 14 August 2021).

ClinicalTrials.gov. Deferred Cytoreductive Nephrectomy in Synchronous Metastatic Renal Cell Carcinoma: The NOR-DIC-SUN-
Trial (NORDIC-SUN). Available online: https://clinicaltrials.gov/ct2/show /NCT03977571 (accessed on 14 August 2021).
ClinicalTrials.gov. Comparing the Outcome of Immunotherapy-Based Drug Combination Therapy with or without Surgery to
Remove the Kidney in Metastatic Kidney Cancer, the PROBE Trial (PROBE). Available online: https:/ /clinicaltrials.gov/ct2
/show /NCT04510597 (accessed on 14 August 2021).

Zaorsky, N.G.; Lehrer, E.; Kothari, G.; Louie, A.V,; Siva, S. Stereotactic ablative radiation therapy for oligometastatic renal cell
carcinoma (SABR ORCA): A meta-analysis of 28 studies. Eur. Urol. Oncol. 2019, 2, 515-523. [CrossRef]

Rodler, S.; Schott, M.; Tamalunas, A.; Marcon, J.; Graser, A.; Mumm, J.-N.; Casuscelli, J.; Stief, C.G.; Fiirweger, C.; Muacevic,
A.; et al. Safety and Efficacy of Robotic Radiosurgery for Visceral and Lymph Node Metastases of Renal Cell Carcinoma: A
Retrospective, Single Center Analysis. Cancers 2021, 13, 680. [CrossRef]

Hammers, H.J.; VonMerveldt, D.; Ahn, C.; Nadal, R.M.; Drake, C.G.; Folkert, M.R.; Laine, A.M.; Courtney, K.D.; Brugarolas, J.;
Song, D.Y.; et al. Combination of dual immune checkpoint inhibition (ICI) with stereotactic radiation (SBRT) in metastatic renal
cell carcinoma (mRCC) (RADVAX RCCQ). J. Clin. Oncol. 2020, 38, 614. [CrossRef]

Masini, C.; Iotti, C.; Ciammella, P.; Gnoni, R.; Berselli, A.; Vitale, M.G.; De Giorgi, U.; Mucciarini, C.; Buti, S.; Procopio, G.; et al.
NIVES study: A phase II trial of nivolumab (NIVO) plus stereotactic body radiotherapy (SBRT) in II and III line of patients (pts)
with metastatic renal cell carcinoma (mRCC). J. Clin. Oncol. 2018, 36, TPS4602. [CrossRef]

Dengler, V.L.; Galbraith, M.; Espinosa, ].M. Transcriptional regulation by hypoxia inducible factors. Crit. Rev. Biochem. Mol. Biol.
2014, 49, 1-15. [CrossRef]

Courtney, K.D.; Infante, J.R.; Lam, E.T.; Figlin, R.A.; Rini, B.I; Brugarolas, J.; Zojwalla, N.J.; Lowe, A.M.; Wang, K.; Wallace,
E.M.; et al. Phase I Dose-Escalation Trial of PT2385, a First-in-Class Hypoxia-Inducible Factor-2c Antagonist in Patients With
Previously Treated Advanced Clear Cell Renal Cell Carcinoma. J. Clin. Oncol. 2018, 36, 867-874. [CrossRef] [PubMed]

Bauer, T.M.; Choueiri, T.K.; Papadopoulos, K.P,; Plimack, E.R.; Merchan, J.R.; McDermott, D.E; Michaelson, M.D.; Appleman,
L.J.; Thamake, S.; Perini, R.F; et al. The oral HIF-2 « inhibitor MK-6482 in patients with advanced clear cell renal cell carcinoma
(RCC): Updated follow-up of a phase I/II study. J. Clin. Oncol. 2021, 39, 273. [CrossRef]

Choueiri, T.K.; Bauer, TM.; McDermott, D.E; Arrowsmith, E.; Roy, A.; Perini, R.E; Vickery, D.; Tykodi, S.S. Phase 2 study of the
oral hypoxia-inducible factor 2ac (HIF-2«x) inhibitor MK-6482 in combination with cabozantinib in patients with advanced clear
cell renal cell carcinoma (ccRCCQ). J. Clin. Oncol. 2021, 39, 272. [CrossRef]


https://www.merck.com/news/eisai-and-merck-receive-breakthrough-therapy-designation-from-fda-for-lenvima-lenvatinib-mesylate-and-keytruda-pembrolizumab-as-combination-therapy-for-advanced-and-or-metastatic-rena/
https://www.merck.com/news/eisai-and-merck-receive-breakthrough-therapy-designation-from-fda-for-lenvima-lenvatinib-mesylate-and-keytruda-pembrolizumab-as-combination-therapy-for-advanced-and-or-metastatic-rena/
http://doi.org/10.1097/CJI.0b013e318156e47e
http://www.ncbi.nlm.nih.gov/pubmed/18049334
http://doi.org/10.1200/JCO.2016.72.1985
http://doi.org/10.1056/NEJMoa1712126
http://www.ncbi.nlm.nih.gov/pubmed/29562145
http://doi.org/10.1136/esmoopen-2020-001079
http://www.ncbi.nlm.nih.gov/pubmed/33246931
http://doi.org/10.3389/fonc.2017.00107
http://www.ncbi.nlm.nih.gov/pubmed/28620578
http://doi.org/10.1056/NEJMoa1803675
http://www.ncbi.nlm.nih.gov/pubmed/29860937
http://doi.org/10.21037/tcr-20-2343
http://www.ncbi.nlm.nih.gov/pubmed/33354523
http://doi.org/10.1001/jamaoncol.2018.5543
https://clinicaltrials.gov/ct2/show/NCT04322955
https://clinicaltrials.gov/ct2/show/NCT03977571
https://clinicaltrials.gov/ct2/show/NCT04510597
https://clinicaltrials.gov/ct2/show/NCT04510597
http://doi.org/10.1016/j.euo.2019.05.007
http://doi.org/10.3390/cancers13040680
http://doi.org/10.1200/JCO.2020.38.6_suppl.614
http://doi.org/10.1200/JCO.2018.36.15_suppl.TPS4602
http://doi.org/10.3109/10409238.2013.838205
http://doi.org/10.1200/JCO.2017.74.2627
http://www.ncbi.nlm.nih.gov/pubmed/29257710
http://doi.org/10.1200/JCO.2021.39.6_suppl.273
http://doi.org/10.1200/JCO.2021.39.6_suppl.272

Cancers 2021, 13, 4140 17 of 18

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

ClinicalTrials.gov. A Study of Belzutifan (MK-6482) versus Everolimus in Participants with Advanced Renal Cell Car-cinoma
(MK-6482-005). Available online: https:/ /clinicaltrials.gov/ct2/show /NCT04195750 (accessed on 14 August 2021).
ClinicalTrials.gov. A Study of Belzutifan (MK-6482) in Combination with Lenvatinib versus Cabozantinib for Treat-ment of Renal
Cell Carcinoma (MK-6482-011). Available online: https://clinicaltrials.gov/ct2 /show/NCT04586231 (accessed on 8 July 2021).
ClinicalTrials.gov. A Study of Pembrolizumab (MK-3475) in Combination with Belzutifan (MK-6482) and Lenvatinib (MK-7902),
or Pembrolizumab/Quavonlimab (MK-1308A) in Combination with Lenvatinib, versus Pembrolizumab and Lenvatinib, for
Treatment of Advanced Clear Cell Renal Cell Carcinoma (MK-6482-012). Available online: https://clinicaltrials.gov/ct2/show/
NCT04736706 (accessed on 8 July 2021).

Sharma, M.; Khong, H.; Fa’Ak, F; Bentebibel, S.-E.; Janssen, L.M.E.; Chesson, B.C.; Creasy, C.A.; Forget, M.-A.; Kahn, LM.S.;
Pazdrak, B.; et al. Bempegaldesleukin selectively depletes intratumoral Tregs and potentiates T cell-mediated cancer therapy. Nat.
Commun. 2020, 11, 661. [CrossRef] [PubMed]

Evans, C.A.; Liu, T.; Lescarbeau, A.; Nair, S.J.; Grenier, L.; Pradeilles, J.; Glenadel, Q.; Tibbitts, T.; Rowley, A.M.; DiNitto, ].P,; et al.
Discovery of a Selective Phosphoinositide-3-Kinase (PI3K)-y Inhibitor (IPI-549) as an Immuno-Oncology Clinical Candidate. ACS
Med. Chem. Lett. 2016, 7, 862-867. [CrossRef] [PubMed]

Bergerot, P.G.; Dizman, N.; Ruel, N.; Frankel, PH.; Hsu, J.; Pal, SK. A phase I trial to assess the biologic effect of CBM588
(Clostridium butyricum) in combination with nivolumab plus ipilimumab (nivo/ipi) in patients with metastatic renal cell
carcinoma (mRCC). J. Clin. Oncol. 2020, 38, TPS764. [CrossRef]

Pili, R.; Quinn, D.I.; Hammers, H.J.; Monk, P.; George, S.; Dorff, T.B.; Olencki, T.; Shen, L.; Orillion, A.; LaMonica, D.; et al.
Immunomodulation by Entinostat in Renal Cell Carcinoma Patients Receiving High-Dose Interleukin 2: A Multicenter, Single-
Arm, Phase I/1I Trial (NCI-CTEP#7870). Clin. Cancer Res. 2017, 23, 7199-7208. [CrossRef]

Mekhail, T.M.; Abou-Jawde, R.M.; BouMerhi, G.; Malhi, S.; Wood, L.; Elson, P.; Bukowski, R. Validation and Extension of the
Memorial Sloan-Kettering Prognostic Factors Model for Survival in Patients with Previously Untreated Metastatic Renal Cell
Carcinoma. J. Clin. Oncol. 2005, 23, 832-841. [CrossRef] [PubMed]

Wood, C.; Srivastava, P.; Bukowski, R.; Lacombe, L.; I Gorelov, A.; Gorelov, S.; Mulders, P,; Zielinski, H.; Hoos, A.; Teofilovici, F,;
et al. An adjuvant autologous therapeutic vaccine (HSPPC-96; vitespen) versus observation alone for patients at high risk of
recurrence after nephrectomy for renal cell carcinoma: A multicentre, open-label, randomised phase III trial. Lancet 2008, 372,
145-154. [CrossRef]

Shuch, B.M.; Lam, ].S.; Belldegrun, A.S; Figlin, R.A. Prognostic Factors in Renal Cell Carcinoma. Semin. Oncol. 2006, 33, 563-575.
[CrossRef]

Ravaud, A.; Motzer, R.J.; Pandha, H.S.; George, D.J.; Pantuck, A.].; Patel, A.; Chang, Y.-H.; Escudier, B.; Donskov, E.; Magheli, A.;
et al. Adjuvant Sunitinib in High-Risk Renal-Cell Carcinoma after Nephrectomy. N. Engl. ]. Med. 2016, 375, 2246-2254. [CrossRef]
Haas, N.B.; Manola, J.; Uzzo, R.G,; Flaherty, K.T.; Wood, C.G.; Kane, C.; Jewett, M.; Dutcher, J.P.; Atkins, M.B.; Pins, M.; et al.
Adjuvant sunitinib or sorafenib for high-risk, non-metastatic renal-cell carcinoma (ECOG-ACRIN E2805): A double-blind,
placebo-controlled, randomised, phase 3 trial. Lancet 2016, 387, 2008-2016. [CrossRef]

Motzer, R.J.; Haas, N.B.; Donskov, F.; Gross-Goupil, M.; Varlamov, S.; Kopyltsov, E.; Lee, ].L.; Melichar, B.; Rini, B.I.; Choueiri,
T.K.; et al. Randomized Phase III Trial of Adjuvant Pazopanib Versus Placebo After Nephrectomy in Patients with Localized or
Locally Advanced Renal Cell Carcinoma. J. Clin. Oncol. 2017, 35, 3916-3923. [CrossRef]

Chamie, K.; Donin, N.M.; Klopfer, P.; Bevan, P; Fall, B.; Wilhelm, O.; Storkel, S.; Said, J.; Gambla, M.; Hawkins, R.E.; et al.
Adjuvant Weekly Girentuximab Following Nephrectomy for High-Risk Renal Cell Carcinoma: The ARISER Random-ized Clinical
Trial. JAMA Oncol. 2017, 3, 913-920. [CrossRef]

Gross-Goupil, M.; Kwon, T.; Eto, M,; Ye, D.; Miyake, H.; Seo, S.; Byun, S.-S.; Lee, ].; Master, V.; Jin, ].; et al. Axitinib versus placebo
as an adjuvant treatment of renal cell carcinoma: Results from the phase III, randomized ATLAS trial. Ann. Oncol. 2018, 29,
2371-2378. [CrossRef]

Eisen, T.; Frangou, E.; Oza, B.; Ritchie, A.W.; Smith, B.; Kaplan, R.; Davis, I.D.; Stockler, M.R.; Albiges, L.; Escudier, B.; et al.
Adjuvant Sorafenib for Renal Cell Carcinoma at Intermediate or High Risk of Relapse: Results from the SORCE Randomized
Phase III Intergroup Trial. J. Clin. Oncol. 2020, 38, 4064—4075. [CrossRef] [PubMed]

ClinicalTrials.gov. Safety and Efficacy Study of Pembrolizumab (MK-3475) as Monotherapy in the Adjuvant Treatment of Renal
Cell Carcinoma Post Nephrectomy (MK-3475-564/KEYNOTE-564). Available online: https://clinicaltrials.gov/ct2 /show /NCTO
3142334?term=NCT03142334&draw=2&rank=1 (accessed on 14 August 2021).

ClinicalTrials.gov. A Study Comparing Nivolumab, Nivolumab in Combination with Ipilimumab and Placebo in Par-ticipants
With Localized Kidney Cancer Who Underwent Surgery to Remove Part of a Kidney (CheckMate 914). Available online:
https:/ /clinicaltrials.gov/ct2 /show /NCT03138512 (accessed on 14 August 2021).

ClinicalTrials.gov. Renal Adjuvant MultiPle Arm Randomised Trial (RAMPART). Available online: https://clinicaltrials.gov/ct2
/show /NCT03288532 (accessed on 14 August 2021).

ClinicalTrials.gov. A Study of Atezolizumab as Adjuvant Therapy in Participants with Renal Cell Carcinoma (RCC) at High Risk
of Developing Metastasis Following Nephrectomy (IMmotion010). Available online: https://clinicaltrials.gov/ct2 /show /NCT0
3024996 (accessed on 14 August 2021).

Nunes-Xavier, C.E.; Angulo, J.; Pulido, R.; Lépez, J.I. A Critical Insight into the Clinical Translation of PD-1/PD-L1 Blockade
Therapy in Clear Cell Renal Cell Carcinoma. Curr. Urol. Rep. 2019, 20, 1. [CrossRef] [PubMed]


https://clinicaltrials.gov/ct2/show/NCT04195750
https://clinicaltrials.gov/ct2/show/NCT04586231
https://clinicaltrials.gov/ct2/show/NCT04736706
https://clinicaltrials.gov/ct2/show/NCT04736706
http://doi.org/10.1038/s41467-020-14471-1
http://www.ncbi.nlm.nih.gov/pubmed/32005826
http://doi.org/10.1021/acsmedchemlett.6b00238
http://www.ncbi.nlm.nih.gov/pubmed/27660692
http://doi.org/10.1200/JCO.2020.38.6_suppl.TPS764
http://doi.org/10.1158/1078-0432.ccr-17-1178
http://doi.org/10.1200/JCO.2005.05.179
http://www.ncbi.nlm.nih.gov/pubmed/15681528
http://doi.org/10.1016/S0140-6736(08)60697-2
http://doi.org/10.1053/j.seminoncol.2006.06.006
http://doi.org/10.1056/NEJMoa1611406
http://doi.org/10.1016/S0140-6736(16)00559-6
http://doi.org/10.1200/JCO.2017.73.5324
http://doi.org/10.1001/jamaoncol.2016.4419
http://doi.org/10.1093/annonc/mdy454
http://doi.org/10.1200/JCO.20.01800
http://www.ncbi.nlm.nih.gov/pubmed/33052759
https://clinicaltrials.gov/ct2/show/NCT03142334?term=NCT03142334&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03142334?term=NCT03142334&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03138512
https://clinicaltrials.gov/ct2/show/NCT03288532
https://clinicaltrials.gov/ct2/show/NCT03288532
https://clinicaltrials.gov/ct2/show/NCT03024996
https://clinicaltrials.gov/ct2/show/NCT03024996
http://doi.org/10.1007/s11934-019-0866-8
http://www.ncbi.nlm.nih.gov/pubmed/30645700

Cancers 2021, 13, 4140 18 of 18

76.

77.

78.

79.

Tucker, M.D.; Rini, B.I. Predicting Response to Immunotherapy in Metastatic Renal Cell Carcinoma. Cancers 2020, 12, 2662.
[CrossRef]

Fridman, W.H.; Zitvogel, L.; Sautes—Fridman, C.; Kroemer, G. The immune contexture in cancer prognosis and treatment. Nat.
Rev. Clin. Oncol. 2017, 14, 717-734. [CrossRef] [PubMed]

Farber, N .J.; Kim, C.; Modi, P; Hon, ].D.; Sadimin, E.; Singer, E.A. Renal cell carcinoma: The search for a reliable biomarker. Transl.
Cancer Res. 2017, 6, 620-632. [CrossRef] [PubMed]

Modi, PK; Farber, N.J.; Singer, E.A. Precision Oncology: Identifying Predictive Biomarkers for the Treatment of Metastatic Renal
Cell Carcinoma. Transl. Cancer Res. 2016, 5, S76-S80. [CrossRef] [PubMed]


http://doi.org/10.3390/cancers12092662
http://doi.org/10.1038/nrclinonc.2017.101
http://www.ncbi.nlm.nih.gov/pubmed/28741618
http://doi.org/10.21037/tcr.2017.05.19
http://www.ncbi.nlm.nih.gov/pubmed/28775935
http://doi.org/10.21037/tcr.2016.06.05
http://www.ncbi.nlm.nih.gov/pubmed/27540511

	Introduction 
	Rationale for Treatment 
	ICI + TT Combination Therapy 
	ICI + ICI Combination Therapy 
	Cytoreductive Nephrectomy (CN) + ICI 
	Stereotactic Radiation (SR) + ICI 
	Triple Therapy Regimens 
	Adjuvant Immunotherapy for High-Risk Localized ccRCC 
	Future Considerations 
	Conclusions 
	References

