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Abstract

Treatment paradigm for metastatic clear cell renal cell carcinoma (mccRCC) has changed dramatically over the recent decades. From cytokines,
interleukin-2 and interferon-a to tyrosine kinase inhibitors and mammalian target of rapamycin inhibitors, during the last decade, combinations
of immune checkpoint inhibitors have taken over first-line treatment of mccRCC. These combinations are approved based on results from large
phase Ill clinical trials, all of which used sunitinib as the comparator. These trials include CheckMate214 (ipilimumab plus nivolumab), KEYNOTE
426 (pembrolizumab plus axitinib), JAVELIN Renal 101 (avelumab plus axitinib), CheckMate 9ER (nivolumab plus cabozantinib), and the CLEAR
study (lenvatinib and pembrolizumab). Results from these studies constitute milestones for newer therapeutic approaches in mccRCC. The
broadening spectrum of treatment options for patients with mccRCC with multiple first-line options currently available also means that treating
physicians will need to consider each option carefully, balance clinical factors, financial considerations, and weigh toxicity profiles of each drug
before deciding the optimal treatment regimen for each individual patient. We describe each frontline treatment option in detail through this
review to aid the decision-making process.
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Implications for Practice

This article describes the current first-line therapeutic options for patients with metastatic renal cell carcinoma (RCC) as well as the
available second-line treatments for these patients. Given the recent scientific advances in elucidating further the biology of kidney cancer,
the emerging agents that are being evaluated in clinical trials, as well as the potential role of the cytoreductive nephrectomy in patients
with synchronous metastatic disease, are also reviewed. This article summarizes all the current changes in clinical practice regarding the
RCC along with the novel agents that are currently under evaluation.

Introduction performance status and requires to be administered at high-

As of 2021, renal cell carcinoma (RCC) is among the 10 most VOll,lme centers with experience. in its.use.7 L
common cancers in both men (sixth) and women (ninth) in Since the advent of tyrosine kinase inhibitors (TKIs)
the US.! The incidence of RCC has doubled since 1975. ac- such as sorafenib and sunitinib as well as mechanistic target

counting for 73 750 new cases and 14 830 deaths in 2020 in of rapamycin (mTOR) inhibitors such as everolimus and
the US alone, and for approximately 2% of cancer diagnoses temsirolimus in the early 2000s, management of metastatic clear

and deaths worldwide.? The 5-year relative survival rate for cell RCC (mecRCC) has now progressed into an era where im-
patients with RCC was 75.6% between 2011 and 2017, with mune checkpoint inhibitor (ICI) combinations or ICI/TKI com-
variations depending on disease stage at the time of diagnosis.* binations have be;ome standard of care. Here, we hlghhght the

High-dose interleukin (IL)-2 was the first approved  Current therapeutic landscape for patients with mccRCC in the
immunotherapeutic agent for patients with metastatic RCC first-line setting and explore the specific considerations relative
(mMRCC) in 1992.5 Despite showing considerable efficacy and ~ © currently approved regimens, along with future perspectives.

achieving a complete response (CR) rate of 5%-9%, IL-2 use

has fallen out of favor due to serious adverse events (AEs) Histological CI ificati d Mol |
affecting multiple organ systems, and a considerable fa- Istological Llassitication an olecular

tality rate that reached 4% in some series.® High-dose IL-2 Characterization of ccRCC
can be an option in the front-line setting; however, it should The 2016 WHO classification of kidney tumors is based on
be considered only in highly selected patients with excellent the combination of various morphological, molecular, and
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genetic features.® From a general perspective, kidney cancer
is divided into several different histological types: ccRCC
represents the most common subtype (approximately 75%),
followed by papillary (further divided into types 1 and 2;
15%-20%) and chromophobe histologies (approximately
5%).° Other rarer subtypes include translocation RCC,
renal medullary carcinoma, collecting duct carcinoma, suc-
cinate dehydrogenase-deficient RCC, and unclassified RCC.
In the vast majority of ccRCCs, loss of heterozygosity at
chromosome 3p (between 3p25 and 3p21 segments) can
be detected. This results in the loss of tumor-suppressor
genes, the most common being von Hippel-Lindau (VHL),
followed by Polybromo 1 (PBRMT1), BRCA1-associated
protein-1 (BAP1), and SET domain-containing protein
2 (SETD2).'""'2 A comprehensive genomic study by The
Cancer Genome Atlas research network of a kidney cancer
cohort included 843 patients consisting of 488 ccRCCs, 274
papillary RCCs (#z = 160 and # = 70 for type 1 and type 2,
respectively), and 81 chromophobe RCCs.” In ¢ccRCC, a low
expression level of AMPK and a high level of ribose sugar
metabolism were associated with lower survival. PTEN
and TP53 mutations were not associated with decreased
survival rate when looking at the entire cohort; however,
histological-specific identification of mutations of PTEN
or TP53 in RCC subtypes was associated with poor sur-
vival. BAP1 mutation was significantly associated with de-
creased survival rate in the entire cohort. Additionally, T
helper 2 (Th2) gene signature, DNA hypermethylation, and
CDKNZ2A alterations were associated with poor prognosis
among all RCC subtypes.®

The International Metastatic Renal Cell
Carcinoma Database Consortium Prognostic
Model

Although the Memorial Sloan-Kettering Cancer Center
prognostic model was first developed,'® the International
Metastatic Renal Cell Carcinoma Database Consortium
(IMDC) model is the preferred prognostic model for patients
with mRCC since the development of anti-angiogenic treat-
ments.'* In particular, patients with mRCC can be categorized
as favorable-, intermediate-, or poor-risk disease based on
clinical and laboratory risk factors.’ Independent risk fac-
tors for poor prognosis included in this score include a low
Karnofsky performance status (cutoff: 80%), time from ini-
tial diagnosis (including localized RCC) to start of systemic
therapy (ie, less than 1 year), low hemoglobin (less than the
lower limit of normal [LLN]), a high neutrophil count (greater
than the upper limit of normal [ULN]), hypercalcemia (cor-
rected calcium > ULN), and thrombocytosis (platelet count>
ULN).'¢ Definitions for ULN and LLN values for calculation
of the IMDC score are based on local laboratory values where
the test is performed, as these numbers can vary between dif-
ferent laboratories. Each criterion listed here is given one
point and a patient with none of these criteria is considered
to have a favorable-risk disease, those with 1-2 factors are
considered to belong to the intermediate-risk category, and
those with 3 or more criteria are considered to have a poor-
risk disease. The accuracy of the IMDC model was tested and
externally validated, and it has since been used to stratify
patients for randomized treatments in contemporary clinical
trials, including ICI trials.'
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Systemic Treatment Approach of Patients with
mRCC in First-line Treatment

During the last decade, the landscape of first-line therapeutic
regimens for patients with mccRCC has widely expanded. The
first US Food and Drug Administration (FDA) approved ICI
agent in patients with mRCC was nivolumab, a programmed
death protein-1 (PD-1) inhibitor. This approval was based on
the CheckMate 025 phase III clinical trial (NCT01668784) in
2015, where the novel agent was compared with everolimus
(mTOR inhibitor), showing substantial benefit in terms of
overall survival (OS) with a hazard ratio (HR) for risk of death
(any cause) with nivolumab versus everolimus of 0.73 (98.5%
confidence interval [CI], 0.57 to 0.93).'7 Subsequently, 6 ran-
domized clinical trials (RCTs) have investigated the safety and
efficacy of immunotherapeutic agents (PD-1 and programmed
cell death ligand 1 [PD-L1] inhibitors) in combination with
cytotoxic T-lymphocyte-associated protein-4 (CTLA-4) in-
hibitor ipilimumab or vascular endothelial growth factor
(VEGF) TKIs, where the comparator cohort was treated with
sunitinib (Table 1). Only one study (CABOSUN), a random-
ized phase II trial evaluated a single agent TKI (cabozantinib)
arm in comparison to sunitinib. This study showed
progression-free survival (PFS) and objective response rate
(ORR) benefits but was not powered for OS.'8 In the subse-
quent sections, we describe these combination clinical trials
which represent the main focus of first-line therapeutic ap-
proaches in mccRCC

CheckMate 214 (NCT02231749), a phase III RCT, as-
signed 1096 patients to either nivolumab plus ipilimumab
(a CTLA-4 inhibitor; n = 550), or sunitinib (7 = 546)." The
combination demonstrated an improved OS in patients with
intermediate- and poor-risk (IMDC) disease, with an HR of
0.63 (99.8% CI, 0.44 to 0.89), based on which it received
FDA approval in 2018. In a subsequent updated analysis at a
median follow-up of 55.0 months, OS remained superior for
the concurrent administration of nivolumab plus ipilimumab
(median OS: not reached vs 38.4 months, respectively; HR
0.65; 95% CI, 0.59 to 0.81).2° Patients with an IMDC inter-
mediate/poor risk achieved a median OS of 48.1 with the
combination versus 26.6 months with sunitinib (HR 0.635;
95% CI, 0.54 to 0.78). Sunitinib continues to perform better
for the IMDC good-risk group (HR for PFS: 1.84; 95% CI,
1.29 to 2.62), although this difference was less prominent
than in earlier analyses. Importantly, durable responses were
achieved with approximately 30% of patients without disease
progression at S-year follow-up. Additionally, CRs were seen
in 59 (10.7%) patients who received nivolumab/ipilimumab
versus 14 patients (2.6%) who received sunitinib. Of the
59 patients who achieved CR with nivolumab/ipilimumab;
27 patients (45.8%) had stopped therapy and had not re-
quired subsequent systemic therapy. Treatment-free survival
intervals are also important; when compared with patients
who received sunitinib, patients who received ipilimumab-
nivolumab had more breaks off of systemic therapy and more
time without side effects.?!

The combination of pembrolizumab and axitinib (a VEGFR-
targeted TKI) was evaluated in the phase IIl KEYNOTE 426
clinical trial, using sunitinib as a comparator.?? Eight hun-
dred sixty-one patients with previously untreated advanced
RCC were randomly assigned to receive pembrolizumab
plus axitinib (7 = 432) or sunitinib (7 = 429). At a median
follow-up of 42.8 months in the latest updated analysis, the
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Table 1. Summary of the completed phase IlI clinical trials for first-line treatment of patients with metastatic RCC.

ClinicalTrials.gov ID Number of  Interventional agent Median OS Median PFS

participants Months Months

HR (CI) HR (CI)

NCT02811861 1069 Lenvatinib + pembrolizumab OR NR vs NR vs NR 23.9 vs 15.0 vs 9.2
(CLEAR study) Lenvatinib/everolimus vs sunitinib 0.66 (0.49 to 0.88), 1.15 (0.88 to 1.50) 0.39 (0.32 to 0.49), 0.65 (0.53 to 0.80)
NCT02231749 1096 Nivolumab + ipilimumab vs sunitinib ~ 55.7 vs 38.4 12.3vs 12.3
(CheckMate 214 study) 0.72 (0.62 to 0.85) 0.86 (0.73 to 1.01)
NCT03141177 651 Nivolumab + cabozantinib vs sunitinb NR vs 29.5 17.0 vs 8.3
(CheckMate 9ER study) 0.66 (0.50 to 0.87) 0.52 (0.43 to 0.64)
NCT02684006 886 Avelumab + axitinib vs sunitinib NR vs NR 13.3 vs 8.0
(JAVELIN Renal 101study) 0.79 (0.62 t0 1.03) 0.69 (0.57 to 0.83)
NCT02853331 861 Pembrolizumab+ axitinib vs sunitinib ~ 45.7 vs 40.1 15.7 vs 11.1
(KEYNOTE 426 study) 0.73 (0.60 to 0.88) 0.68 (0.58 to 0.80)
NCT02420821 454 Bevacizumab + atezolizumab vs 33.6 vs 34.9 11.2vs 8.4

(IMmotion 151) sunitinib

0.93 (0.76 to 1.14) 0.83 (0.70 to 0.97)

CI, confidence interval; HR, hazard ratio, NR, not reached; OS, overall survival; PFS, progression-free survival; RCC, renal cell carcinoma.

combination of pembrolizumab plus axitinib demonstrated
a benefit for OS when compared with sunitinib (median OS:
45.7 vs 40.1 months, respectively; HR 0.73, 95% CI, 0.60
to 0.88). Median PFS in the combination cohort was 15.7
months compared with 11.1 months for sunitinib (HR 0.68,
95% CI, 0.58 to 0.80). Long-term follow-up also shows a
promising response rate with an ORR for pembrolizumab
plus axitinib of 60.4% versus 39.6% for sunitinib (P <
.0001); and a CR rate of 10.0% versus 3.5%.%

Importantly, the association of pembrolizumab plus
axitinib showed a clinical benefit in all subgroups (based on
the IMDC risk score as well as on PD-L1 expression). Based
on these results, it received FDA approval in 2019.%

IMmotion151 (NCT02420821) was a phase III RCT com-
paring the combination of atezolizumab (a PD-L1 inhibitor)
plus bevacizumab (anti-VEGF; n = 454) to sunitinib (# =
461).% The co-primary endpoint of PFS in the PD-L1-positive
population was met, with a median of 11.2 months in the
combination arm as opposed to 7.7 months with sunitinib
(HR 0.74,95% CI,0.57 t0 0.96; P = .02). OS in the intention
to treat (ITT) population (co-primary endpoint) did not cross
the prespecified significance boundary (stratified HR 0.84,
95% CI,0.62 to 1.15; P = .29) and consequently, the combin-
ation did not receive regulatory approval. Integrated multi-
omics analyses using RNA transcriptomics from 823 tumor
samples in an unsupervised manner in the IMmotion151 trial
revealed 7 molecular subgroups.?® The subgroups included
the highly angiogenic clusters 1 and 2 (enriched for vascular
and VEGF pathway-related genes), with cluster 1 being more
enriched for stroma-specific expression. Cluster 3 was char-
acterized by the expression of cell cycle genes and genes as-
sociated with the complement cascade. Clusters 4, 5, and
6 were enriched for cell cycle transcriptional signatures as
well as anabolic metabolism-related genes (FAS and pentose
phosphate pathways). In addition, cluster 4 exhibited a high
expression of T-effector, JAK/STAT, and interferon a/y gene
expression profiles while clusters 5/6 were enriched for the
previously described myeloid Inflammation gene signature.?®
Cluster 7 showed a high expression of snoRNAs, which have
been implicated in epigenetic changes linked to carcinogens.
Overall, this analysis provides a preliminary molecular basis
to define patient subgroups as well as response to treatment
regimens and needs to be further validated in RCC well as

other tumor types where 10-based regimens are being used.
Although these classifiers are promising for tumor selection,
a trial prospectively utilizing these gene expression clusters
to designate individualized therapy would be required to
validate their role as a biomarker in RCC. A potential ex-
ample would be a trial where tumors enriched for clusters 1
and 2 could be assigned to receive an ICI with a VEGF-TKI,
whereas clusters 4, 5, and 7 may not require a TKI. Such a
prospective trial is eagerly awaited.

Another frontline phase III study, JAVELIN Renal 101,
compared avelumab (PD-L1 inhibitor) plus axitinib (1 = 442)
to sunitinib (7 = 444).>” With a minimum follow-up of 13
months in all patients, in the updated analysis, PFS in the
overall population was 13.3 months in the avelumab and
axitinib combination arm versus 8.0 months in the sunitinib
arm (HR 0.69, 95% CI, 0.57 to 0.82).%” Of note, the OS
is not mature yet with a median duration of follow-up of
19.3 months in the combination arm and 19.2 months in
the sunitinib arm. The ORR was 52.5% in the combination
arm with a CR rate of 3.8% arm as opposed to 27.3% and
2%, respectively, in the sunitinib arm. In light of these re-
sults, the combination received FDA approval in 2019.
Importantly, subsequent biomarker analysis from JAVELIN
Renal 101 showed that PD-L1 expression and tumor mu-
tational burden were not predictive of PFS in either cohort.
The JAVELIN Renal 101 Immuno-signature, composed of 26
genes related to T cells, NK cells, and chemokines, helped to
identify responders (vs nonresponders) in the avelumab plus
axitinib group and was further validated in an independent
dataset (the phase Ib JAVELIN Renal 100 trial). Similarly,
a 26-gene signature helping to differentiate PFS in patients
treated with sunitinib was discovered (named the JAVELIN
Angio signature). Interestingly, the differentiating ability of
the JAVELIN Immuno and Angio signatures were specific for
the combination of avelumab plus axitinib, and sunitinib, re-
spectively.?”?® In terms of clinical practice and according to
a recently published analysis across 11 international kidney
cancer centers, the combination of axitinib plus avelumab is
not the preferred choice among clinicians due to the lack of
OS data.”

Another IO/TKI combination to receive FDA approval
in January 2021 is the combination of nivolumab plus
cabozantinib,**3! based on the data from the CheckMate 9ER
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study (NCT03141177) in patients with previously untreated
mRCC. CheckMate 9ER is an open-label, multi-national
phase III RCT that investigated the combination of nivolumab
plus cabozantinib (40 mg/day) compared with sunitinib.3%%?
Preclinical rationale to combine the drugs comes from data
regarding nivolumab’s ability to prevent cancer from evading
immune detection®*-* and cabozantinib’s immunomodulatory
and antiangiogenic properties derived from the inhibition
of multiple tyrosine kinases (including VEGF-R, MET, and
AXL).353¢ With a median follow-up of 18.1 months, me-
dian PFS was 16.6 months (95% CI, 12.5 to 24.9) in the
nivolumab and cabozantinib arm versus 8.3 months (95% CI,
7.0 to 9.7) in the sunitinib arm; HRs for progressive disease
and death were 0.51 (95% CI, 0.41 to 0.64) and 0.60 (95%
CI, 0.40 to 0.89), respectively. The combination of nivolumab
and cabozantinib displayed an ORR of 55.7%, when com-
pared with 27.1% with sunitinib.

The latest clinical trial that reported the efficacy of com-
bining targeted agents with ICIs was the CLEAR study?” or
Keynote 581 (NCT02811861).%® This was a multicenter, ran-
domized, open-label phase I1I trial, aiming to evaluate the com-
bination of lenvatinib with prembrolizumab in patients with
mRCC. Of note, CLEAR differs from the previous landmark
trials in that it included 3 treatment arms: pembrolizumab
plus lenvatinib (1), lenvatinib plus everolimus (2), and
sunitinib as control (3). One thousand sixty-nine patients
were randomized to receive lenvatinib plus everolimus (7 =
357), pembrolizumab plus lenvatinib (7 = 355), or sunitinib
(n = 357). At a median follow-up of 26.6 months, both com-
binations of lenvatinib plus pembrolizumab (median PFS
23.9 months; HR 0.39; 95% CI, 0.32 to 0.49) and lenvatinib
plus everolimus (median PFS 14.7 months; HR 0.65; 95%
CI, 0.53 to 0.80) displayed lower progression rates compared
with sunitinib (median PFS 9.2 months).?” While median
OS was not reached in any of the treatment cohorts, a sur-
vival benefit was seen for the lenvatinib plus pembrolizumab
group compared with sunitinib (HR for death 0.66; 95% CI,
0.49 to 0.88; P = .005). The ORR for patients treated with
pembrolizumab plus lenvatinib was 71% (with 16% patients
achieving a CR), compared with 54% (CR: 10%) for patients
receiving lenvatinib plus everolimus and 36% (CR: 4%) in
the sunitinib arm.

An important point to note in this study was the dose
of lenvatinib (20 mg/day) used in combination arm with
pembrolizumab, higher than the 18 mg/day dose used in com-
bination with everolimus and which is the current standard in
clinical practice. This dosing regimen may have contributed to
82.4% of patients experiencing grade 3 or higher AEs in the
lenvatinib plus pembrolizumab cohort. However, even in the
lenvatinib/everolimus arm, grade 3/4 AEs were seen in 83.1%
of patients, compared with 71.8% with sunitinib. To sum-
marize, the CLEAR study adds another 10/targeted therapy
combination to the armamentarium of available options for
the treatment of patients with advanced RCC in the frontline
setting, and is expected to receive regulatory approval in the
near future.

As several treatment options become available for patients
with mccRCC, clinicians will be faced with the conundrum
of how to choose the ideal treatment and how to sequence
these treatments regimens. Novel clinical trial designs based
on patient selection or treatment sequencing will be required
to answer these critical issues. While efficacy is important, the
effect of each treatment on quality of life (QoL) should also
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be taken into consideration when deciding which regimen
to use in the first-line setting. In both CheckMate 9ER** and
KEYNOTE 426 studies, the rate of treatment discontinu-
ation related to AEs was reported to be low (at 5.6% for
cabozantinib plus nivolumab* and 7% for pembrolizumab
plus axitinib).** Furthermore, in CheckMate 214%* and
CheckMate 9ER* studies, an improvement in global patient-
reported outcomes (PROs) (using the Functional Assessment
of Cancer Therapy-Kidney Cancer Symptom Index-19 and
EQ-5D-3L instruments) were reported with both nivolumab
and ipilimumab as well as with nivolumab and cabozantinib,
over sunitinib, respectively. KEYNOTE-426% and CLEAR?’
reported no major decline in PROs when treated with
pembrolizumab/ axitinib* and lenvatinib/pembrolizumab,
respectively.’” It is important to remember that even if all
the studies had sunitinib as control arm at 50 mg/day (4
days-on, 2 days-off schedule), the PROs types and schedules
of immunotherapeutic combinations were different among
studies, preventing any cross-trial comparison for this metric.

Furthermore, the data from ongoing trials will help eluci-
date sequencing and combination approaches. The PDIGREE
study (NCT03793166), a randomized, multicenter phase III
trial*! aims to answer immunotherapy sequencing questions.
This study allows patients with IMDC intermediate or poor-
risk mccRCC to start the combination of nivolumab plus
ipilimumab as induction for up to 4 cycles (Fig. 1). Further
treatment (ie, maintenance nivolumab, cabozantinib mono-
therapy, or the combination of both drugs) is then adapted
based on initial response as measured radiographically at 3
months. While the primary endpoint is the OS assessed at up
to 5 years, the CR rate, PFS, and ORR are key secondary
endpoints. Importantly, this is the first trial in mRCC to pro-
spectively discontinue treatment for complete responders at
1 year. Additionally, PDIGREE does allow for consolidative
nephrectomy for those patients who achieve excellent partial
responses. The study is enrolling well across the US.

The role of triple therapy in the management of ad-
vanced RCC is also being evaluated in 2 separate trials.
The COSMIC 313 study (NCT03937219)* is a global, ran-
domized, placebo-controlled, double-blind, phase III trial
that further builds on the efficacy of the combination of
nivolumab plus cabozantinib in patients with intermediate
or poor-risk disease per IMDC criteria (Fig. 2). With a
planned enrollment of 840 patients, this trial investigates
the efficacy and safety of the concurrent administration of
cabozantinib, nivolumab, and ipilimumab compared with
nivolumab plus ipilimumab. The primary endpoint is PFS,
and secondary key endpoints include OS, ORR, duration
of response, safety, and correlation of biomarkers with
clinical outcomes. A second trial is also evaluating the po-
tential benefit of triplets with the addition of belzutifan
or quavonlimab (a CTLA-4 inhibitor) to lenvatinib and
pembrolizumab (NCT04736706). The results from these
studies will show the potential benefit versus toxicities of
upfront triplet treatments.

Finally, the PIVOT 09 study (NCT03729245) that recently
finished accrual is evaluating bempegaldesleukin (BEMPEG),
first-in-class pegylated IL-2 receptor agonist, with nivolumab,
compared with the investigator’s choice of anti-VEGF TKI,
in treatment-naive patients. This trial is based on the results
of a phase I/II study that investigated the efficacy and safety
of the combination of BEMPEG and nivolumab, and showed
an encouraging ORR in advanced RCC in addition to an
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acceptable safety profile.** Primary endpoints include ORR
and OS, both in the overall population and IMDC inter-
mediate- and poor-risk patients. Secondary endpoints include
OS in the PD-L1-positive population, PFS, safety, and QoL.*

Sequencing in mRCC: What to Do in Second
Line?

Despite the tremendous progress in frontline therapeutic op-
tions in kidney cancer, there are still many patients who need
to be treated with second-line and beyond treatments. Agents
studied in these settings are briefly described here.

In patients with advanced mccRCC who had progressed on
a VEGFR TKI, the efficacy and safety of the VEGFR/MET/

Axl TKI cabozantinib versus the mTOR inhibitor everolimus
was investigated in the multicenter randomized phase III clin-
ical trial, METEOR (NCT1865747).4+* Six hundred fifty-
eight patients were randomized to receive cabozantinib or
everolimus. At a median follow-up of 18.8 months, the me-
dian OS was 21.4 months (95% CI, 18.7 to not reached) in
the cabozantinib group compared with 16.5 months (95%
CL, 14.7 to 18.8) with everolimus groups (HR 0.66; 95%
CI, 0.53 to 0.83). Improvements in PFS (HR 0.51; 95% CI,
0.41 to 0.62) and ORR (17% with cabozantinib vs 3% with
everolimus; P <.0001) were also seen. Grades 3-4 AEs were re-
ported in 71% versus 60% patients treated with cabozantinib
and everolimus, respectively, making cabozantinib adminis-
tration at this dose slightly challenging, similar to what has
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been seen in first-line combination therapies in the first-line
setting.

Lenvatinib was evaluated in a randomized-controlled
multicenter phase II trial (NCT01136733), alone or in com-
bination with everolimus in patients with advanced RCC
who had progressed on VEGF TKI treatment.*” Patients were
randomized 1:1:1 to receive lenvatinib versus everolimus
versus the combination of the 2 drugs. The combination of
lenvatinib plus everolimus significantly prolonged PFS when
compared with everolimus alone (median PFS of 14.6 vs 5.5
months; HR 0.40; 95% CI, 0.24 to 0.68), but not compared
with lenvatinib alone (median PFS of 7.4 months; HR 0.66;
95% CI,0.39 to 1.10; P = .12). Lenvatinib monotherapy also
significantly prolonged PFS compared with everolimus (HR
0.61; 95% CI, 0.38 to 0.98). Grades 3-4 AEs were seen in
50% of patients treated with single-agent everolimus, com-
pared with 79% of patients with lenvatinib monotherapy and
71% with both drugs.*” Based on these results, the combin-
ation of lenvatinib and everolimus received FDA approval in
2016.

Another open-label, randomized, controlled, phase III clin-
ical trial, TIVO-3 (NCT02627963) evaluated the efficacy
and safety of tivozanib as third or fourth-line treatment in
patients with mRCC compared with those who were treated
with sorafenib.*® At a median follow-up of 19.0 months, the
PFS was significantly longer in tivozanib group over sorafenib
(5.6 vs 3.9 months, respectively; HR 0.73; P = .02) and the
ORR was superior for tivozanib compared with sunitinib (18
vs 8%, respectively; P = .02).* Serious treatment-related AEs
were reported in 19 (11%) patients treated with tivozanib and
in 17 (10%) patients treated with sorafenib while deaths re-
lated to treatment were not identified. Based on the results of
this study, in March 2021, the US FDA approved tivozanib for
adult patients with relapsed or refractory advanced mccRCC
previously treated with 2 or more systemic therapies.*

A promising combination currently being investigated in
an ongoing phase III trial is the combination of cabozantinib
with atezolizumab versus cabozantinib monotherapy in pa-
tients with mRCC previously treated with immunotherapy
(NCT04338269).°! The primary endpoints of this study are
PES and OS in the ITT, while the secondary endpoints in-
clude ORR and duration of response. TiNivo-2 is another
phase III trial evaluating second-line options in patients with
mccRCC previously treated with ICIs, with the combination
of tivozanib and nivolumab. The study is expected to begin
enrollment in mid-2021.%

Novel Therapeutic Agents for mccRCC

With recent scientific advances helping to further elucidate
the biology of kidney cancer, novel avenues are being ex-
plored for the development of new therapeutic options for
patients with RCC. Hypoxia-inducible factor-2a (HIF-2a), a
transcription factor, has been shown to accumulate in kidney
cancer due to the loss of the VHL gene, causing the activa-
tion of downstream messengers, and has been consequently
identified as a critical target in RCC. Following this major
breakthrough, HIF-2a inhibitors are currently under evalu-
ation in patients with mRCC. In phase I dose-escalation
trial with advanced ccRCC,** the first-generation HIF-2a
inhibitor MK-3795 (PT2385) displayed a promising safety
profile with no patients discontinuing therapy due to AEs
and led to an ORR of 14% and a disease-control rate of 66%
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in 51 heavily pretreated patients. As highly variable pharma-
cokinetics were identified for PT23835, a second generation
of HIF-2a inhibitors, belzutifan (MK-6482, previously
known as PT2977) has been developed, achieving a higher
potency and a greater selectivity. Belzutifan was assessed
in an open-label phase I trial (NCT02974738) in patients
with advanced ccRCC with at least one prior treatment.’ 57
Among the 55 patients enrolled in this trial, the median PFS
was 14.5 months, and the ORR was 25% with a disease
control rate of 80%. Of note, the activity of belzutifan was
noted across all IMDC risk groups. Belzutifan is currently
being assessed in multiple trials as a monotherapy or in
combination with other established drugs. Examples include
NCT04195750, which is a multicenter, randomized phase
II clinical trial evaluating the efficacy of belzutifan com-
pared with everolimus in patients with previously treated
advanced ccRCC.*® NCT03634540 is a phase II open-label
trial, where the combination of belzutifan plus cabozantinib
is being evaluated for patients with advanced ¢cRCC in
treatment naive patients (cohort 1) or those previously
treated with ICIs (cohort 2). Preliminary results for cohort
2 at a median follow-up of 11.3 months* showed an ORR
of 22.0% and a disease control rate of 92.7%. The median
PFS was 16.8 months (95% CI, 9.2-not reached) and the OS
rate at 6 months reached 95%. These promising results out-
line the efficacy of HIF-2a inhibitors in heavily pre-treated
populations with ccRCC, and more evidence is awaited re-
garding treatment-naive patients.

Anaplerotic reprogramming along with an altered glucose
metabolism have been identified as hallmarks of RCC. This
is exemplified with the entry of glutamine to the tricarb-
oxylic acid cycle (TCA) cycle through ketoglutarate (called
glutamine-derived ketoglutarate), enabling the replenishment
of TCA intermediates that have been used for biosynthesis.®
Based on this preclinical evidence, a glutaminase inhibitor,
telaglenastat (CB-839) was evaluated in phase I and phase II
trials when combined with everolimus (NCT03163667)°! or
cabozantinib (NCT02071862, NCT03428217¢?) in patients
with heavily pre-treated mRCC.% Subsequently, results from
one of these trials (ENTRATA), where the drug is combined
with everolimus showed an improved PFS of 3.8 months
compared with 1.9 months in the placebo plus everolimus
group (HR 0.64, one-sided P = .079 [threshold for signifi-
cance: 0.2]).% Although this was a promising agent in early
trials, the CANTATA team recently presented that the com-
bination of telaglenastat and cabozantinib compared with
cabozantinib failed to meet its primary endpoint, with a me-
dian PFS of 9.2 months versus 9.3 months respectively (HR
0.94, P = .65).55

Cytoreductive Nephrectomy: A Potential Role
in Synchronous Metastatic Disease

The role of upfront cytoreductive nephrectomy (CN) has
been investigated in recent years in 2 large studies. In the
SURTIME study, no difference in PFS was identified be-
tween the deferred versus immediate CN cohorts (HR 0.88;
95% CI, 0.56 to 1.37; P = .57°°), whereas the OS did differ
with a median OS of 32.4 months in the deferred CN group
compared with 15.0 months for immediate CN (HR 0.57;
95% CI, 0.34 to 0.95).°° In the updated analysis of the
CARMENA trial,” which compared sunitinib alone versus
after nephrectomy in patients with mRCC, no difference in
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OS was identified in the ITT population at a follow-up of
61.5 months (median OS of 23.6 vs 22.7 months, respect-
ively; HR 1.08; 95% CI, 0.75 to 1.57). However, subgroup
analysis showed a large heterogeneity between the different
categories of patients. In fact, while CN was associated with
a worse survival in patients with 2 IMDC risk factors when
compared with those receiving sunitinib only (median OS:
16.6 vs 31.2 months, respectively; HR 0.61; 95% CI, 0.41
to 0.91), a potential benefit was identified in those with only
one IMDC risk factor (median OS: 30.5 vs 25.2 months, re-
spectively; HR 1.24; 95% CI, 0.81 to 1.90). Furthermore,
in a propensity-score-based analysis from the IMDC group
CN was associated with a significantly better OS in patients
receiving targeted therapies (HR 0.56; 95% CI,0.51 to 0.62)
and ICIs (HR 0.39; 95% CI, 0.19 to 0.83).® Another im-
portant aspect of CARMENA is that this was a noninferiority
trial and such trials have been shown to produce desirable
results (ie, noninferiority for the experimental treatment) in
greater than 80% of the studies.®*”® Regardless, CN remains
an important component in the therapeutic algorithm of pa-
tients with advanced kidney cancer. However, this approach
remains to be better tailored, as only selected subgroups of
patients might benefit from it.

The ongoing research regarding the optimal timing of im-
munotherapy in relation to CN in patients with mRCC in-
cludes 4 therapeutic clinical trials in the US National Clinical
Trials Network (Table 2). The PROBE study (NCT04510597),
activated in November 2020, randomizes patients with
mRCC to an immunotherapy-based combination, with or
without consolidative nephrectomy. The primary endpoint
of PROBE is OS. Another phase III trial, NORDIC-SUN
(NCT03977571), investigates the role of CN in patients with
mRCC receiving ipilimumab and nivolumab. Patients with
fewer than 3 IMDC risk features and a resectable tumor
are randomized after 4 cycles of combination nivolumab
and ipilimumab to maintenance nivolumab with or without

Table 2. Summary of the ongoing clinical trials for first-line metastatic

RCC.
ClinicalTrials. Interventions Phase
gov ID (planned number
of participants)
NCT04510597  Immunotherapy-based com- 3 (n=364)
(PROBE study)  bination with cytoreductive
nephrectomy vs no
cytoreductive nephrectomy
NCT03793166  Nivolumab + ipilimumab 3 (n =1046)
(PDIGREE followed by random-
study) ization to nivolumab vs
nivolumab+cabozantinib
NCT04736706  Pembrolizumab + belzutifan + 3 (7 = 1431)
(MK-6482-012  lenvatinib vs pembrolizumab
study) + quavonlimab + lenvatinib
vs pembrolizumab+lenvatinib
NCT03937219  Cabozantinib + nivolumab + 3(n=676)
(COSMIC ipilimumab vs nivolumab +
313) ipilimumab + placebo
NCT03729245  Bempegaldesleukin + 3 (n=600)
(PIVOT 09 nivolumab vs sunitinib or
study) cabozantinib

RCC, renal cell carcinoma.
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CN. The primary endpoint of NORDIC-SUN is OS, while
secondary endpoints include PFS and ORR. In addition, a
phase II clinical trial (CYTOSHRINK-NCT04090710)7" also
investigates the efficacy of the upfront cytoreductive stereo-
tactic body radiation therapy (SBRT) in combination with the
standard of care nivolumab plus ipilimumab over the com-
bination of nivolumab plus ipilimumab alone in patients with
advanced RCC and IMDC intermediate/poor-risk disease,
who were not suitable for CN or have declined it. The pri-
mary endpoint of this study is the PFS while OS, ORR, and
HRQoL are included as secondary objectives.

The results from these studies along with those from the
PDIGREE" trial that allows consolidative nephrectomy for
patients who achieve excellent partial responses will inform
patient selection for future clinical decision-making on timing
and applicability of CN.

Conclusions

The spectrum of the available treatments for kidney cancer
in the metastatic setting has widely expanded during the
last decade. Upon the approval of more combination ther-
apies, immunotherapy agents constitute the backbone for
both first- and second-line treatments. The recent approvals
of both combinations nivolumab plus cabozantinib and
pembrolizumab plus lenvatinib add further treatment op-
tions to the frontline therapeutic armamentarium for pa-
tients with mccRCC. Undoubtedly, better CR rates are more
frequently achieved, leading to longer durations of response
with combination regimens. When having first-line treat-
ment discussions for mccRCC, clinicians should be advised
to present options that align with patients’ presentations and
goals—balancing the goals for CRs, early disease control,
potential need for sequential treatments, and risks for up-
front versus long-term toxicities in the context of individual
patient comorbidities. There are still many unmet medical
needs in the field of RCC at the clinical and translational sci-
ence levels, including among others rare variants of kidney
cancers.”> The completion of ongoing randomized clinical
trials will further shed light on more effective and tolerable
systemic treatments, addressing some of the existing ques-
tions regarding optimal treatment sequencing as well as
timing of both surgical and radiation treatments. Further
efforts should be invested in future studies to identify pa-
tient characteristics and establish biomarkers to tailor op-
timal, personalized therapeutic algorithms for patients with
mccRCC.
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