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Abstract: Introduction: Renal cell carcinomas (RCC) have been treated with immunotherapy for
decades; the use of immune checkpoint inhibitors represents the most recent advance. In this review,
we compare these new RCC immunotherapies, with a focus on achieving durable complete responses
(CR). Review: Sorafenib and sunitinib were the first Food and Drug Administration (FDA)-approved
targeted agents for RCC, with sunitinib eventually becoming the standard-of-care agent against
which novel therapies are compared. In the last five years, many combination therapies based on the
use of immune checkpoint inhibitors (ICIs) and receptor tyrosine kinase inhibitors (TKIs), including
ipilimumab/nivolumab, nivolumab/cabozantinib, avelumab/axitinib, pembrolizumab/axitinib, and
pembrolizumab/lenvatinib, have demonstrated superior overall survival (OS) and progression-free
survival (PFS) compared to sunitinib. Ongoing clinical trials of hypoxia-induced factor-2 alpha
(HIF-2a) inhibitors, chimeric antigen receptor T cell (CAR-T) therapy targeting CD70, and other
new combination therapies have also shown promise and are currently under investigation. Conclu-
sions: Many new combination therapies are approved for RCC treatment, and CR rates suggest that,
in the era of immunotherapy, it may be possible to achieve durable responses and survival benefit in
patients with metastatic RCC.

Keywords: renal cell carcinoma; immunotherapy; immune checkpoint inhibitors; sunitinib; complete
response rate

1. Introduction

Renal cell carcinomas (RCC) arise from the renal tubular epithelium and account for
>80% of all cancers in the kidney. There are approximately 580,000 people living with RCC
in the United States, with 76,000 new cases of RCC estimated in 2021, placing RCC among
the top 10 most common cancers for both men and women [1]. Roughly 65% of people
presenting with RCC have localized tumors, which can often be successfully managed with
surgery. Those who develop disease recurrence after surgery, along with the remaining 35%
who present initially with metastatic disease, require systemic therapy and have a poor
prognosis, with an estimated five-year survival rate of 71.0% for patients with regional
disease compared to only 13.9% for those with distant metastatic disease [1].

Immunotherapy treatments have long been utilized for the management of RCC. For
decades, the cytokines interleukin 2 (IL-2) and interferon alpha were the only systemic
treatments widely used for patients with unresectable RCC [2]. Durable complete responses
(CR) are rarely achieved with the administration of high-dose IL-2; the overall response
rates to this therapy are low (6–25%), and the treatments are associated with significant
toxicity [2–5].

The past 20 years have seen significant progress in our understanding of the molecular
drivers of RCC, which has, in turn, given rise to new treatment strategies. Research has
primarily focused on the clear cell RCC (ccRCC) histology, which accounts for >75% of
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all cases [6]. Less common subtypes of RCC include papillary, chromophobe, medullary,
collecting duct, sarcomatoid, and unclassified histology. Within ccRCC, the von Hippel
Lindau (VHL) and hypoxia-induced factor (HIF) pathways have been identified as impor-
tant drivers of pathogenesis. The loss of function of VHL promotes tumor angiogenesis
via the unregulated expression of HIF1 alpha. Vascular endothelial growth factor (VEGF)
receptors and the mechanistic target of rapamycin (mTOR) have been identified as ac-
tionable targets in the VHL/HIF axis, and multiple drugs targeting these molecules have
been developed for the treatment of mRCC [7,8]. Perhaps the most notable among these is
sunitinib, a first-in-class tyrosine kinase inhibitor of VEGF receptor, which demonstrated
its superiority over interferon alpha in overall survival (OS), progression-free survival
(PFS), and response rate (RR) in a landmark trial published in 2007 [9,10]. Sunitinib has
since become the standard-of-care comparator for clinical trials in RCC. The results have
been similar for trials with other VEGF receptor inhibitors, including sorafenib, pazopanib,
axitinib, lenvatinib, cabozantinib, and bevacizumab [11–18]. The mTOR inhibitors tem-
sirolimus and everolimus have also been shown to be clinically effective and are approved
as largely second-line agents [19,20]. Unlike high-dose IL-2, the VEGF receptor and mTOR
inhibitors typically do not yield durable clinical responses. The average PFS is on the order
of 6-8 months for these agents when given as first- or second-line monotherapy [8,11–18].

Modern immune checkpoint inhibitors (ICI) targeting programmed cell death 1 (PD-1),
programmed cell death ligand 1 (PD-L1), and cytotoxic T lymphocyte-associated antigen 4
(CTLA-4) have renewed the promise of immunotherapy in the treatment of RCC and show
potential for achieving durable remission. PD-1 and CTLA-4 are both expressed on acti-
vated T cells and act to down-regulate T cell response when in contact with their ligands [21].
Cancer cells have leveraged this mechanism to evade immune surveillance by expressing
PD-L1 [22]. Indeed, PD-L1 can be significantly overexpressed in RCC [22,23]. The treat-
ments acting on this pathway include the PD-1 inhibitors nivolumab and pembrolizumab,
the PD-L1 inhibitors avelumab and atezolizumab, and the CTLA-4 inhibitor ipilimumab.

In this review, we will discuss these current approaches to the treatment of RCC,
focusing specifically on ICI/tyrosine kinase inhibitor (TKI) combinations (Table 1). Our
aim is to describe, evaluate, and compare survival outcomes, with a focus on the rate of CR
for the treatment of patients with metastatic RCC.

Table 1. RCC Trials by Clinical Phase.

Trial Therapies Evaluated Clinical Trial Phase

Motzer et al., 2007 [9] sunitinib vs. interferon alfa Phase 3

Motzer et al., 2018 (CheckMate 214) [24] ipilimumab + nivolumab vs. sunitinib Phase 3

Rini et al., 2019 (IMmotion 151) [13] bevacizumab + atezolizumab vs. sunitinib Phase 3

Motzer et al., 2019 (JAVELIN Renal 101) [14] axitinib + avelumab vs. sunitinib Phase 3

Rini et al., 2019 (KEYNOTE-426) [13] axitinib + pembrolizumab vs. sunitinib Phase 3

Choueiri et al., 2021 (CheckMate 9ER) [16] nivolumab + cabozantinib vs. sunitinib Phase 3

Motzer et al., 2021 (CLEAR) [15] lenvatinib + pembrolizumab vs. lenvatinib
+ everolimus vs. sunitinib Phase 3

2. Current Therapies
2.1. Sunitinib

Sunitinib is an oral TKI that acts on VEGF receptors. It was granted accelerated
approval by the FDA in 2006, based on two single-arm trials in patients with mRCC.
Sunitinib demonstrated partial responses (PR) in 25.5% and 36.5% of patients [25,26]. In
2007, a randomized, multicenter phase III trial demonstrated the superiority of sunitinib
over interferon alfa [9]. The sunitinib group had a longer median PFS and higher RR than
the interferon alfa group (11 months vs. 5 months), as well as better quality of life [9]. With
these results, sunitinib replaced interferon alpha as the standard-of-care therapy in RCC.
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In a later study, pooled data were used to identify which patients would benefit
most from sunitinib. Predictors of long-term OS (≥30 months) included ethnic origin
(50.2 vs. 38.4 months in white vs. nonwhite patients), bone metastases (42.7 vs. 54.5 months
for patients with vs. without metastases), and corrected calcium (41.7 vs. 50.2 months
for patients with >10 vs. ≤10 mg/dL calcium) [27]. More recently, sunitinib was ap-
proved as an adjuvant treatment for patients with locoregional, high-risk ccRCC after a
nephrectomy and demonstrated a longer median duration of disease-free survival than
the placebo (6.8 years vs. 5.6 years) [28]. Overall, sunitinib was the first agent in the new
era of targeted therapies to improve survival for patients with mRCC compared to prior
cytokine-based treatments. In August of 2021, pembrolizumab was granted priority review
for the adjuvant treatment of patients with RCC at intermediate or high risk of recurrence
following a nephrectomy.

2.2. Ipilimumab & Nivolumab

Ipilimumab, a CTLA-4 inhibitor, and nivolumab, a PD-1 inhibitor, were the next
therapies to be studied in mRCC, and the first and only dual ICI combination therapy to
be approved for use in mRCC. The randomized, phase III CheckMate 214 trial assigned
patients to receive either a combination of ipilimumab and nivolumab or sunitinib, and the
primary outcome was 18-month OS in the patients with intermediate- or poor-risk groups
by the International Metastatic RCC Database Consortium (IMDC) [24]. The 18-month OS
rate was 75% with nivolumab and ipilimumab as compared to 60% with sunitinib, and
the CR rate was 9% compared to 1%. This landmark trial established ipilimumab and
nivolumab combination therapy as the first ICIs to demonstrate a durable response to
therapy [24].

In 2020, the extended four-year follow-up data from the CheckMate 214 trial were
published [29]. OS remained superior for the nivolumab and ipilimumab group compared
to the sunitinib group, and the four-year PFS probability for the nivolumab and ipilimumab
group was 31.0% compared to 17.3% in the sunitinib group [29]. Additionally, the proba-
bility of response for greater than four years was higher with nivolumab and ipilimumab
than with sunitinib (59% vs. 30%), again suggesting the durability of response with combi-
nation ICI therapy. These data suggest that the combination therapy with nivolumab and
ipilimumab offers a potentially long-lasting response for patients with mRCC, although
more long-term data are needed to further quantify this.

2.3. Atezolizumab & Bevacizumab

Bevacizumab is an antibody that inhibits the VEGF receptor and was investigated
in combination with atezolizumab, an anti-PD-L1 antibody, for patients with ccRCC or
sarcomatoid histology RCC in the IMmotion151 phase III trial [13]. The trial enrolled
915 patients for a minimum of 12 months of follow-up. The median PFS for the patients
receiving atezolizumab and bevacizumab (11.2 months) was significantly longer than for
the patients receiving sunitinib (8.4 months) [13]. In the atezolizumab and bevacizumab
group, 37% of patients achieved an objective response (OR), and 5% achieved a CR, whereas
33% of patients in the sunitinib group achieved an OR, and 2% achieved a CR, neither
of which reached significance [13]. However, at a longer follow-up of 40 months, there
was no survival benefit with atezolizumab and bevacizumab compared to sunitinib [30].
While this combination did not show a survival benefit or statistically significant CR rate,
we are still treating three patients at our institution for over seven years now as part of
this trial, which suggests again that this combination can produce durable responses in a
subset of patients, even if it has not received FDA approval. Interestingly, a similar phase II
trial is in progress for the treatment of naïve patients with mRCC looking at atezolizumab
and bevacizumab in combination with a selective inhibitor of phosphoinositide-3-kinase
(PI3K)–gamma (IPI-549) [31]. The study has completed accrual; however, no data are
available at the time of this manuscript [31].
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2.4. Axitinib & Avelumab

The next combination therapy investigated was axitinib, a highly selective VEGF
receptor TKI, and avelumab, an anti-PD-L1 antibody. This combination was initially
studied in a phase Ib trial that established its safety as combination therapy and suggested
antitumor activity in patients with advanced ccRCC [32]. The phase III clinical trial,
JAVELIN Renal 101, randomized 873 patients to receive either axitinib and avelumab or
sunitinib [14]. The initial data were published in March 2019. Overall, the patients in the
axitinib and avelumab group had significantly longer PFS (13.8 months) than those in the
sunitinib group (8.4 months) [14]. The subgroup of patients with PD-L1-positive tumors
also had significantly longer PFS after treatment with axitinib and avelumab (13.8 months)
than the patients with PD-L1-positive tumors who received sunitinib (7.2 months) [14].
This subgroup also had significantly higher OR rates (55.2%), defined as a PR or CR, than
the patients who received sunitinib (25.5%) [14]. However, confirmed CR rates were only
4.4% in the axitinib and avelumab group compared to 2.1% in the sunitinib group [14].

Updated data were published in August 2020, and again demonstrated significantly
longer PFS in the axitinib and avelumab group than in the sunitinib group, as well as
similar overall RR. However, CR rates in the combination group were only 3.8% compared
to 2.0% in the sunitinib group [33]. Additional follow-up is still ongoing. The combination
of axitinib and avelumab is a superior option to sunitinib for PFS but a durable CR has yet
to be demonstrated. This study raises the question of whether the combination of targeted
VEGF receptor inhibitor therapy and ICI have additive or synergistic effects.

2.5. Axitinib & Pembrolizumab

A similar phase III trial comparing sunitinib to another VEGF receptor TKI and
anti-PD-1 regimen was published at the same time as JAVELIN Renal 101. The KEYNOTE-
426 trial randomly assigned 861 patients with advanced ccRCC to receive axitinib and
pembrolizumab or sunitinib [34]. Initial follow-up data at 12.8 months demonstrated
significantly longer PFS in the axitinib and pembrolizumab group (15.1 months) than in
the sunitinib group (11.1 months) [34]. The OR rate was also significantly higher in the
pembrolizumab and axitinib group (59.3%) than in the sunitinib group (35.7%), and these
findings were noted across IMDC risk groups and PD-L1 expression groups [34]. In the
axitinib and pembrolizumab group, 5.8% of patients achieved a CR, compared to 1.9% of
patients in the sunitinib group [34].

The first interim analysis was published 15 months later, reporting a median follow-up
time of 30.6 months [35]. PFS was significantly longer in the axitinib and pembrolizumab
group (15.4 months) than in the sunitinib group (11.1 months) [35]. Additionally, the
OR rate was higher in the axitinib and pembrolizumab group (60%) than in the sunitinib
group (40%), and 9% of patients in the axitinib and pembrolizumab group achieved a
CR compared to 3% in the sunitinib group [35]. The second interim analysis data were
presented at the American Society of Clinical Oncology Annual Meeting in June 2021, with
a 42.8-month median follow-up, the longest follow-up of any ICI and TKI combination
therapy [36]. Again, patients who received pembrolizumab and axitinib had significantly
longer PFS (15.7 months) and a significantly higher rate of PFS (25.1%) than those who
received sunitinib (11 months, 10.6%) [36]. The OR rate was also higher for patients who
received pembrolizumab and axitinib (60.4%) than for patients who received sunitinib
(39.6%) [36]. The CR rate was higher in the pembrolizumab and axitinib group (10.0%) than
in the sunitinib group (3.5%), but the trend did not achieve statistical significance [36]. This
was the final analysis of the KEYNOTE-426 trial and demonstrates the improved PFS and
OR rates with axitinib and pembrolizumab [36].

2.6. Cabozantinib & Nivolumab

The CheckMate 9ER trial studied nivolumab, an anti-PD-1 antibody, and cabozantinib,
a tyrosine kinase inhibitor that regulates tumor cell proliferation, neovascularization, and
immune cell regulation through the inhibition of VEGF, cMET, and other receptor-based
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targets [16]. The phase III clinical trial enrolled 651 patients with previously untreated ad-
vanced ccRCC, defined as either unamenable to curative surgery or radiation or metastatic
disease [16]. At a median follow-up of 18.1 months, the median PFS was significantly
longer for the patients in the cabozantinib and nivolumab group (16.6 months) than for the
patients in the sunitinib group (8.3 months) [16]. Significantly more patients had an OR
with cabozantinib and nivolumab (55.7%) compared to with sunitinib (27.1%) [16]. In the
cabozantinib and nivolumab group, 8.0% of patients achieved a CR, compared to 4.6% of
patients in the sunitinib group [16]. These findings persisted across IMDC risk subgroups
and tumor PD-L1 expression subgroups [16]. Updated analyses from extended follow-up
have not yet been published. Based on these findings, the combination of nivolumab
and cabozantinib is now one of the first-line combination ICI and targeted therapies rec-
ommended for treatment-naïve mRCC [37]. Although the available data suggest a trend
towards a CR with combination therapy, statistical significance has not yet been established.
However, there is hope that this trend may be established with an extended follow-up of
the CheckMate 9ER trial, especially as more patients now have the option to be treated
with this combination given its recent FDA approval [38].

2.7. Lenvatinib & Pembrolizumab

The most recent phase III combination trial to be published was the three-armed
CLEAR trial. This trial studied lenvatinib, an antiangiogenic agent, and pembrolizumab,
an anti-PD-1 antibody, or lenvatinib and everolimus, an mTOR kinase inhibitor, versus
sunitinib [39]. A total of 1069 patients were randomized for a median of 17 months of
follow-up and found that PFS was significantly longer with lenvatinib and pembrolizumab
(23.9 months) than with sunitinib (9.2 months) [39]. The proportion of patients with an
OR was significantly higher in the lenvatinib and pembrolizumab group (71.0%) than in
the sunitinib group (36.1%), and 16.1% of patients in the lenvatinib and pembrolizumab
group achieved a CR compared to 4.2% of patients in the sunitinib group [39]. Longer-term
follow-up data are being collected, and the study is set to end 31 July 2022 [40]. The initial
CR data are promising for the lenvatinib and pembrolizumab group, since this is the highest
reported CR rate of the studies reviewed, although the follow-up time is shorter than the
data reported for other combination ICI and targeted therapies. Longer follow-up data may
establish lenvatinib and pembrolizumab as a superior combination for achieving a CR.

3. Future Therapies (Ongoing Clinical Trials)

The rise of ICIs for metastatic RCC has also increased the need for alternative therapeu-
tic strategies for patients who do not respond or become refractory to currently available
treatment. Many ongoing clinical trials aim to provide those options. These include novel
agents, as well as new combinations of previously approved agents, some of which were
discussed above. Each of the trials discussed below are actively recruiting subjects at the
time of this publication; more information, including the available study locations and
enrollment criteria, can be found on ClinicalTrials.gov, accessed on 12 September 2021.

3.1. HIF-2 Alpha Inhibitors

Novel agents such as HIF-2 alpha inhibitors and anti-CD70A therapies are being
evaluated as potential treatments for ccRCC. HIF-2 alpha inhibitors are orally active,
and initial studies suggest that these agents may have lower toxicity than sunitinib
(Figures 1 and 2) [41]. Phase I dose-escalation trials with HIF-2 alpha inhibitors in combi-
nation with nivolumab or cabozantinib are ongoing in patients with ccRCC, with planned
completion dates in November 2022 [42]. A recent phase II trial with the HIF-2 alpha
inhibitor belzutifan (MK-6482) demonstrated promising efficacy and tolerability in patients
with VHL-mutated cancers, including RCC, and the drug has recently been approved by
the FDA for this indication [43,44].
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3.2. CD70A Targeted Antibody-Drug Conjugates

Meanwhile, a single-agent antibody-drug conjugate targeting CD70 is being evaluated
to treat patients with CD70-positive RCC [45]. The results of a phase I clinical trial reported
only modest antitumor activity, but anti-CD70 therapies may still be a desirable treatment
option for patients with advanced, refractory RCC [45]. At the time of this manuscript, a
phase I trial is underway to investigate the safety and efficacy of an allogeneic chimeric
antigen receptor T cell (CAR-T) therapy targeting CD70 (Figures 1 and 2) [46]. The study
started in February 2021 and aims to complete enrollment of 48 patients by December 2022.
Given the success rates of CAR therapies in hematologic malignancies, and other cell
therapies for both hematologic and solid malignancies, it is hoped that this will be the next
generation of therapies to advance cure rates for RCC [47].
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3.3. MK-6482-011

The Merck phase III MK-6482-011 study is evaluating the safety and efficacy of belzu-
tifan and lenvatinib compared with cabozantinib as a second- or third-line therapy after
progression on a PD-1/L1 agent in patients with advanced ccRCC [48–50]. As discussed
above, belzutifan is a highly selective oral HIF-2 alpha inhibitor approved for use in VHL-
mutated RCC and is now being investigated in combination with lenvatinib for patients
with advanced RCC [43]. In the preliminary phase III clinical study, belzutifan and lenva-
tinib showed efficacy among a 55-subject RCC cohort, with 13 (24%) patients achieving
a PR, and 31 (56%) developing stable disease [48]. The combination of belzutifan and
lenvatinib is thought to inhibit the VEGF and multiple other oncogenic signaling pathways
responsible for progression and metastasis (Figures 1 and 2). The subjects must have ad-
vanced ccRCC, measurable disease by imaging criteria, available tissue for central analysis,
and good performance status [49]. Subject recruitment began in February 2021, and the
study is expected to enroll 708 participants by 2024 [49].

3.4. CONTACT-03

The F. Hoffmann-La Roche phase III WO41994 study (CONTACT-03) is an ongo-
ing clinical trial comparing the efficacy and safety of atezolizumab and cabozantinib to
cabozantinib monotherapy in patients with locally advanced or metastatic RCC following
a progression on ICI therapy (Figures 1 and 2) [50]. The cohorts are open for ccRCC and
non-ccRCC, including papillary, chromophobe and unclassified subtypes [50]. Enrollment
is dependent on radiologic progression on or within 6 months after the last dose of anti-PD-
1/L1 therapy, no previous mTOR therapy, measurable disease by imaging criteria, available
tissue for central analysis, and good performance status [50]. Both study drugs have been
approved in combination with other agents, as discussed above, and have been studied
together in the phase I COSMIC-021 trial for patients with previously untreated disease
across multiple solid tumor types, including ccRCC and non-ccRCC [51]. It is hypothesized
that cabozantinib enhances the antitumor effect of anti-PD-L1 agents by increasing T cell
tumor infiltration [52]. Enrollment for CONTACT-03 is not yet complete, but an interim
analysis showed efficacy in both RCC cohorts, with one CR, four confirmed PRs, and two
unconfirmed PRs across 10 patients [52]. Enrollment opened in July 2020, and the trial is
expected to enroll 500 participants by 2022 [51].

4. Conclusions

In conclusion, the treatment options for mRCC have expanded markedly since the
discovery and approval of IL-2 in the 1990s. Starting with the VEGF receptor TKI sunitinib,
and the more recently approved ICI/TKI combination therapies, providers now have
multiple options for a first-line immunotherapy for patients with mRCC. While none
of these combination therapies have achieved statistically significant CR thus far, the
data are promising. Additional therapies are in the pipeline, including HIF-2a inhibitors,
antibody-drug conjugates and CARs targeting CD70, as well as many ongoing studies with
combination therapies, and these therapies may again change the field of mRCC. With
a longer follow-up and larger sample sizes, we may be entering a new era of “curing”
patients with mRCC.
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