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Immune Checkpoint Inhibition, the Key
to Success in Renal Cell Carcinoma?
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Abstract. Treatment of renal cell carcinoma (RCC) has evolved rapidly since the development of checkpoint inhibitors. Most
of the studies have been conducted in patients with metastatic disease and led to a significant change in the treatment landscape.
Currently, many studies are investigating immune checkpoint inhibition (ICI) in the neoadjuvant and adjuvant setting and
the efficacy of combination therapies. It remains difficult to predict which patients will respond best. Consequently, there is
a high need for predictive biomarkers. In this review, we discuss the different studies with ICI in RCC and the molecular
correlates with clinical outcome.
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INTRODUCTION

In the Netherlands, renal cell carcinoma (RCC)
is the ninth most common type of cancer in men
and the tenth in women with an increasing incidence
over the past years. In 2017, an estimated 2,600 new
cases occurred with a stable mortality of around 900
cases per year. Currently, the 5-year survival is 66%
(cijfersoverkanker.nl). The increasing incidence is
partly due to incremental use of non-invasive imaging
techniques, but can also be attributed to an increase
in etiological factors like obesity [1]. Clear-cell car-
cinoma is the most common pathological subtype
and accounts for 70% of all RCCs. Non-clear-cell
carcinomas include mainly papillary and chromo-
phobe RCCs. Approximately 2-3% of all RCCs are
hereditary. Patients with genetic alterations in the Von
Hippel-Lindau gene (VHL), a tumor suppressor gene,
have a 35–45% risk of developing clear-cell RCC at
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relatively young age. Several tumor suppressor genes
involved in the development of RCC are PBRM1,
BAP1 (BRCA1-associated protein), and SETD2, all
located on the same short arm of chromosome 3
where the VHL gene is located [2]. Germline muta-
tions in MET, fumarate hydratase, or folliculin can
cause different histological subtypes of RCC [3].

Patients with RCC can present with a range of
symptoms and according to recent Dutch figures 18%
of patients have metastatic disease at time of diag-
nosis. The classic triad of RCC, a strong predictor
of metastatic disease, is present in 10% of patients
and consists of flank pain, hematuria, and a palpable
abdominal mass [4]. Around 30% of patients develop
metastatic disease following prior nephrectomy.

Prognostic factors in RCC have previously been
composed by The Memorial Sloane Kettering Can-
cer Center (MSKCC) and were the gold standard
for the risk assessment during cytokine treatment
in metastatic RCC (mRCC) [5]. Further refine-
ment has been done by the International Metastatic
RCC Database Consortium (IMDC) in the tyro-
sine kinase inhibitor (TKI) or Vascular Endothelial
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Growth Factor Receptor inhibitor (VEGFR) era,
which extended the prognostic model to 6 factors
[6]. This model has also been evaluated in second-
line treatment and held its prognostic value [7].
Patients are divided in favorable, intermediate, or
poor prognosis according to these prognostic fac-
tors. The choice of treatment is also based on the
prognosis and is discussed in the recently published
guidelines of the European Association of Urol-
ogy (EAU) and the European Society for Medical
Oncology (ESMO) [8, 9].

Therapeutic options in mRCC have increased
extensively over the past 10–15 years. Until 2005,
interferon-alpha (IFN-�) was one of the few avail-
able treatments. Without any effect on survival, this
cytokine was not an attractive option considering
the very modest overall response rate (ORR) of
12% in combination with substantial toxicity [10].
Interleukin-2 (IL-2), which was approved in the
United States based on phase II trial results with a
durable complete remission rate of 7-8%, was never
widely adopted in Europe because of its serious tox-
icity with vascular leak syndrome, high fever, chills,
low blood pressure, dyspnea, and sometimes renal
insufficiency, nausea, diarrhea, and erythema [11].
Attempts to combine IFN-� and IL-2 never led to
improvement of survival compared to single agent
therapy [12, 13].

As of 2005, oral TKIs like sunitinib and sorafenib,
targeting VEGFRs, as well as the combination of the
VEGF-targeting antibody bevacizumab plus IFN-�,
demonstrated improvement of progression-free sur-
vival (PFS) compared to IFN-� single agent, and
became standard of care [14–17]. To date, for first-
line treatment of clear-cell mRCC, sunitinib and
pazopanib are the most widely used drugs, inde-
pendent of risk groups, although most evidence
is available for IMDC good and intermediate risk
group patients [18]. At present, apart from sorafenib,
sunitinib and pazopanib, also axitinib has been
approved as multitargeted TKI. Similarly, cabozan-
tinib, tivozanib, and lenvatinib have been approved
and target VEGFR in addition to other kinases
like MET, AXL, and FGFR. Besides angiogenesis,
also constitutive activation of the mammalian target
of rapamycin (mTOR) inhibitor signaling pathway
plays a role in the pathogenesis of RCC, for which
everolimus and temsirolimus have been investigated
and approved [19–21].

RCC has been considered an immunogenic type
of cancer for many decades. This was based on rare
observations of spontaneous regressions of metas-

tases, the beneficial effects on outcome of cytoreduc-
tive nephrectomy followed by IFN-� compared to
IFN-� alone in primary metastatic disease [22], and
the low but very consistent ORR of 15% to high dose
IL-2 treatment with half of the patients (those obtain-
ing complete responses) deriving long term benefit
[11]. Therefore, it was not surprising that with the
introduction of immune checkpoint inhibitors (ICI),
anti-cytotoxic T-lymphocyte-associated antigen 4
(CTLA-4) and anti-programmed death (ligand) 1
(PD-1/PD-L1), clear-cell RCC appeared responsive.
CTLA-4 inhibits T-cell proliferation and function
whereas upon ligation of PD-1 on T-cells by PD-L1,
which is expressed by tumor and stromal cells, T-cell
receptor signaling is inhibited providing a rationale
for the development of anti-CTLA-4 and anti-PD-
1/PD-L1 [23, 24]. The role of ICI in the treatment of
RCC will be discussed in this review.

SINGLE-AGENT CHECKPOINT
INHIBITION AS NEW THERAPY FOR
mRCC

In the past years, several studies have been pub-
lished regarding treatment with ICI in mRCC. The
first study investigating the potential benefit of
immunotherapy with ICI in RCC has been published
in 2007 and demonstrates the effect of single-agent
ipilimumab, a CTLA-4 inhibitor, in a phase II trial
[23]. This trial showed responses in both treatment-
naive patients with clear-cell mRCC and patients
that were previously treated with IL-2. The high-
est response rates (i.e. 30%) were seen in patients
who experienced grade 3 and 4 immune-mediated
toxicities.

Later, several phase I/II studies investigated the
role of single-agent anti-PD-1. In 2012, a phase I
study with nivolumab was conducted in 296 patients
with different metastatic solid tumors [24]. The
analysis including mRCC was published in 2015, fol-
lowed by a phase II study published in the same year.
In this phase I study, 34 previously treated patients
with mRCC, received either 1 mg/kg or 10 mg/kg
nivolumab every two weeks [25]. Twenty-nine per-
cent of patients achieved an objective response with a
median duration of 12.9 months (8.4–29.1). Median
overall survival (OS) in these heavily pretreated
patients was 22.4 months (12.5 – not estimable
[NE]). All of the treatment-related grade 3/4 adverse
events (AEs) that occurred in 18% of patients were
reversible. In the phase II study, Motzer et al. inves-
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tigated the dose-response relationship of 3-weekly
nivolumab in 168 patients by randomly assigning
patients to 0.3 mg/kg, 2 mg/kg or 10 mg/kg [26]. All
patients had received prior systemic therapy. Over-
all, ORR was 20%, 22%, and 20% and median PFS
2.7 months (80% confidence interval [CI], 1.9–3.0),
4.0 months (80% CI, 2.8–4.2), and 4.2 months (80%
CI, 2.8–5.5) for the 0.3 mg/kg, 2 mg/kg, and 10 mg/kg
groups, respectively without a statistically significant
difference between the groups. Median OS was 18.2
months (80% CI, 16.2–24.0) in the low dose group
and close to 25 months in both the higher dose groups.
Recently, the updated OS data of both the phase I
and II study on nivolumab monotherapy have been
presented and demonstrated that about one third of
patients is still alive after 3 (phase II study; median
follow-up of 38.0 months) to 5 years (phase I study;
median follow-up of 50.5 months) [27].

The effect of nivolumab monotherapy has also
been investigated in non-clear-cell RCC in the
CheckMate-374 trial (NCT02596035). In this study,
44 patients with non-clear-cell RCC and mostly
treatment-naive (66%) were treated with nivolumab
[28]. ORR was 13.6% (95% CI, 5.2–27.4) with
responses observed in several histological subtypes.
Median OS was 16.3 months (95% CI, 9.2 - NE) and
regardless of baseline PD-L1 expression. Apart from
nivolumab, also pembrolizumab has been studied
as a single-agent PD-1-inhibitor. The Keynote-427
trial, a phase II study, evaluated the efficacy of 3-
weekly pembrolizumab (200 mg) as first-line therapy
in two separated cohorts [29]. Cohort A included 110
patients with clear-cell RCC and demonstrated an
ORR of 38% with durable responses of ≥6 months
in 75% of these patients and mostly in patients with
higher PD-L1 expression in tumor cells (combined
positivity score of ≥1% in 42% of patients) and inter-
mediate/poor IMDC risk (63% of patients). Cohort B
consisted of 165 patients with non-clear-cell RCC
of which the first data were presented at ASCO-GU
2019 by McDermott [30]. The ORR for the total pop-
ulation was 24.8% (95% CI, 18.5–32.2) with 4.8%
complete responses and 20% partial responses. These
high ORR were seen mostly in patients with papillary
RCC and unclassified RCC. The ORR in chromo-
phobe RCC was a dismal 10%. Both nivolumab and
pembrolizumab had a comparable safety profile with
grade 3/4 events of 15%.

The effect of the single-agent PD-L1 inhibitor ate-
zolizumab has been studied in a phase I trial published
in 2016 [31]. In this study, 70 patients with mRCC that
received prior systemic therapy were treated with 3-

weekly atezolizumab. It resulted in an overall ORR of
15% (95% CI, 7–26). There was a positive correlation
between baseline PD-L1 tumor expression and ORR.
Median PFS was 5.6 months (95% CI, 3.9–8.2) and
median OS 28.9 months (95% CI, 20.0 – not reached
[NR]). Importantly, atezolizumab had a manageable
safety profile with 17% grade 3 AEs.

The promising results of these phase I and II tri-
als have been confirmed in a phase III trial with
single-agent anti-PD-1. In the CheckMate-025 study,
two-weekly nivolumab 3 mg/kg was compared with
everolimus 10 mg once daily as second- or third-
line treatment after failure of TKI in 821 patients
(Table 1) [32]. Twenty-eight percent of patients
were treated with nivolumab as third-line therapy.
Although PFS was not statistically significantly dif-
ferent between the two arms, the difference in OS was
in favor of nivolumab (19.6 vs. 25.0 months; hazard
ratio [HR] 0.73 [98.5% CI, 0.57–0.93]; P = 0.002).
ORR was 25% with nivolumab and grade 3/4 AEs
occurred in 19% of patients with fatigue as most
commonly reported AE. With everolimus, ORR was
5% and grade 3/4 adverse events were reported in
37% of patients, mostly anemia. This trial resulted
in the approval of nivolumab as second-line treat-
ment. The lack of difference in PFS but major
increment in OS is hypothesized to be due to a
better response to the next line of treatment after
ICI. The response to nivolumab was independent
of PD-L1 expression, even when a cut-off of ≥5%
was used. It has been shown that a subgroup of
patients (13%) can also benefit from nivolumab
beyond RECIST progression with a possible tumor
reduction post-progression and an acceptable safety
profile [33].

DUAL-AGENT THERAPIES

ICI-ICI combination

The differential effects of CTLA-4 and PD-1
blockade on immune cells have resulted in studies
in which both agents are combined to investigate
synergism between these agents. At first, the phase
I CheckMate-016 study evaluated the efficacy and
safety of nivolumab plus ipilimumab [34]. Patients
received either 1 mg/kg nivolumab and 3 mg/kg
ipilimumab, 3 mg/kg nivolumab and 1 mg/kg ipili-
mumab, or 3 mg/kg of both. The arm with 3 mg/kg of
both agents was stopped early due to dose-limiting
toxicity. ORR was 40% in both other arms and
durable responses were seen in 40% of patients with
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a 2-year OS of 68%. The study resulted in the phase
III CheckMate-214 study, in which the combina-
tion of 3-weekly nivolumab 3 mg/kg and ipilimumab
1 mg/kg was compared to sunitinib in predominantly
IMDC intermediate and poor risk patients [35]. After
4 cycles of nivolumab/ipilimumab, patients contin-
ued nivolumab in a 2-weekly cycle until disease
progression or unacceptable toxicity. Twenty-six per-
cent of patients in the nivolumab/ipilimumab arm
and 29% in the sunitinib arm had elevated PD-L1
expression defined as ≥1% of tumor cells. In the
847 patients with intermediate and poor risk, the PFS
for nivolumab/ipilimumab was 11.6 months (95%
CI, 8.7–15.5) compared to 8.4 months (95% CI,
7.0–10.8) for sunitinib, which was not statistically
significant (HR 0.82; P = 0.03 with a prespecified
0.009 threshold). Median OS has not yet been reached
for the combination arm compared to 26 months (95%
CI, 22.1 – NE) for sunitinib treatment (P < 0.0001).
ORR was 42% (95% CI, 37–47) and complete
responses were seen in 9% of patients compared to
an ORR of 27% (95% CI, 22–31) with sunitinib
(P < 0.0001). A recent 30-month follow-up update
presented at ASCO-GU 2019 demonstrated an 11%
(investigator-assessed) complete response rate [36].
Grade 3/4 events occurred more frequently in the
sunitinib group (63% vs. 46%, respectively) but did
less often lead to discontinuation of treatment (12%
vs. 22%). Of the patients with an immune-mediated
AE, 35% received high-dose glucocorticoids. An
explorative analysis showed that the favorable IMDC
risk patients (N = 249) benefit more from sunitinib
with a PFS of 25.1 months (95% CI, 20.9 – NE)
and an OS that has not yet been reached com-
pared to 15.3 months (95% CI, 9.7–20.3) in the
nivolumab/ipilimumab arm (P < 0.0001) and 32.9
months (95% CI, NE), respectively. Based on these
data the combination of nivolumab plus ipilimumab
has been approved as first-line treatment of patients
with metastatic clear-cell RCC belonging to the inter-
mediate and poor risk subgroups by the European
Medicines Agency (EMA) and the Food and Drug
Administration (FDA).

At ASCO-GU 2019 Gupta et al. demonstrated
preliminary evidence of anti-tumor activity of
nivolumab/ipilimumab in non-clear-cell RCC [37].
In this study, 18 patients with different non-clear-
cell histology were included regardless of IMDC risk
group. It was administrated as per CheckMate-214.
Most patients (78%) received it as first-line treat-
ment. Partial responses were seen in 28% and 14%
experienced stable disease.

ICI and TKI

RCC is characterized by aberrant angiogenic
signaling and an immunogenic tumor microenvi-
ronment providing a rationale for combining ICI
with VEGF(R) targeting treatment. Several TKIs
change the tumor microenvironment and make it
more permissive for ICI, such as reduction of the
number of intratumoral myeloid-derived suppres-
sor cells (MDSCs), allowing better expansion of
tumor infiltrating lymphocytes leading to reversal of
immune suppression [38, 39]. The combination of ICI
and TKI has also been investigated in the CheckMate-
016 study. Patients received 3-weekly nivolumab,
with dose escalation of 2 mg/kg to 5 mg/kg, com-
bined either with sunitinib or pazopanib per protocol
(i.e. 50 mg/day, 4 weeks on/2 weeks off for suni-
tinib or pazopanib 800 mg/day). The 33 patients that
received both nivolumab and sunitinib, had an ORR
of 54.5% (95% CI, 36.4–71.9) and the median OS was
not reached (median follow-up of 50.0 months; 95%
CI, 36.8 - NR) [40]. However, treatment-related AEs
were 100%. The arm with pazopanib was closed due
to toxicities, i.e. 70% grade 3/4 AEs, mostly hepatitis.
The 20 enrolled patients had an ORR of 45% (95%
CI, 23.1–68.5) and a median OS of 27.9 months (95%
CI, 13.3–47.0). Although the initial combination of
ICI and TKI seemed too toxic, several trials are or
have been conducted with different agents. Recently,
the phase III Keynote-426 trial has been published
in which 861 patients were randomized between axi-
tinib (5 mg bis in dies (BID)) in combination with
3-weekly pembrolizumab (200 mg) and sunitinib per
protocol [41]. Since axitinib is a selective VEGFR1-
3 inhibitor, it is thought to be better tolerated in
combination with ICI than less-selective TKIs. Pre-
viously, this combination had proven to be safe and
showed very promising antitumor activity in a phase
Ib trial with an ORR of 73% (95% CI, 59–84.4)
[42]. In the Keynote-426 trial, ORR was 59.3%
(95% CI, 54.5–63.9) for pembrolizumab/axitinib
versus 35.7% (95% CI, 31.1–40.4) for sunitinib
showing benefit for the combination regardless of
IMDC risk group, PD-L1 expression or other sub-
groups. PFS differed with 15.1 months (95% CI,
12.6–17.7) in the pembrolizumab/axitinib group and
11.1 months (95% CI, 8.7–12.5) for sunitinib (HR
0.69; 95% CI 0.57–0.84; P < 0.001). Median OS
has not yet been reached in both treatment arms
with a median follow-up of 12.8 months. Based
on these results, the FDA recently approved pem-
brolizumab/axitinib for first-line treatment of mRCC.
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The final decision of the EMA is to be expected. The
preferred use of first-line pembrolizumab/axitinib
versus nivolumab/ipilimumab needs to be further
explored.

Axitinib also demonstrated favorable results in
combination with avelumab, a PD-L1 inhibitor, com-
pared to sunitinib in the JAVELIN Renal 101 study
[43]. In this phase III trial, 886 patients were
randomly assigned to receive 2-weekly 10 mg/kg
avelumab plus axitinib (5 mg BID) or sunitinib per
protocol as first-line treatment. The combination arm
showed an ORR of 51.4% (95% CI, 46.6–56.1) with
a median PFS of 13.8 months (95% CI, 11.1 – NE)
irrespective of PD-L1 expression status compared
to 25.7 (95% CI, 21.7–30.0) and 8.4 months (95%
CI, 6.9–11.1) for sunitinib, respectively. Median OS
data were not mature at the time of publication
[43]. In non-clear-cell carcinoma the combination
of a MET inhibitor (savolitinib) and durvalumab
(anti-PD-L1) has been explored in the CALYPSO
study (NCT02819596). This single arm phase I/II
trial included patients with metastatic papillary renal
cancer regardless of IMDC risk group [44]. ORR
was 27% (11/41 patients) with a median PFS of 3.3
months (95% CI, 1.5 – NR).

ICI and bevacizumab

Treatment with bevacizumab leads to an enhanced
dendritic cell maturation and increased T-cell and
B-cell levels resulting in an increase of intratu-
moral immune infiltrates [45]. It is thought that
bevacizumab enhances the T-cell mediated can-
cer cell-killing effect of atezolizumab by reversing
VEGF-mediated immunosuppression. In a phase I
study where 10 previously untreated mRCC patients
were treated with atezolizumab and bevacizumab,
partial responses were observed in 4 patients and
4 patients had stable disease [46]. Treatment was
well tolerated. Collected tissue specimens dur-
ing treatment showed an increase of intra-tumoral
CD8+ T-cells suggesting that combination treat-
ment improves antigen-specific T-cell migration. It
resulted in the conduction of two trials in which first-
line atezolizumab in combination with bevacizumab
was compared to sunitinib [47, 48]. In IMmotion
150, a phase II study, patients were allocated to
3-weekly atezolizumab 1200 mg and bevacizumab
15 mg/kg, 3-weekly atezolizumab 1200 mg, or suni-
tinib per protocol. Cross-over was only allowed in
the United States. The ORR in the combination

treatment arm was 32% in the intention-to-treat anal-
ysis and 46% in the PD-L1+ subgroup (defined
by ≥1% expression of PD-L1 on tumor infiltrating
immune cells) compared to an ORR of 29% (and 27%
when PD-L1+) with sunitinib. PFS was 11.7 months
(95% CI, 8.4–17.3) with atezolizumab/bevacizumab
compared to 8.4 months (95% CI, 7.0–14.0) with
sunitinib and 6.1 months (95% CI, 5.4–13.6) with
atezolizumab monotherapy, however, not statistically
significant (HR 1.19; [95% CI 0.82–1.71]; P = 0.358).
In the patients with PD-L1 positive tumor infiltrating
immune cells, PFS was doubled in the combina-
tion arm compared to atezolizumab monotherapy
and sunitinib (14.7 vs. 5.5 vs. 7.8 months), respec-
tively. The subset analysis after cross-over showed
an ORR of 26% after crossing to the combina-
tion arm (28% for cross-overs post-sunitinib and
24% post-atezolizumab [49]. Thus, treatment with
atezolizumab and bevacizumab might become an
attractive option in patients with PD-L1 positivity
when approved by FDA and EMA.

Next to IMmotion 150, the successor trial
IMmotion 151 investigated the combination of ate-
zolizumab and bevacizumab. In this two-arm phase
III study atezolizumab/bevacizumab was compared
with sunitinib in treatment-naive patients regardless
of the prognostic group [48]. It demonstrated a sig-
nificant difference in PFS in favor of the combination
arm (11.2 vs. 8.4 months; P = 0.0219). In this study
cross-over was not allowed. Patients were strati-
fied for PD-L1 expression (≥1% or <1%) in tumor
resident immune cells. For PD-L1+ patients in the
IMmotion 151 study, the ORR was 43% (95% CI,
35–50) for atezolizumab/bevacizumab compared to
37% (95% CI, 32–41) in all patients. The differ-
ence between ORR in PD-L1+ vs. all patients was
35% (95% CI, 28–42) vs. 33% (95% CI, 29–38)
when treated with sunitinib. OS data were immature
at first interim analysis. Discontinuation of therapy
due to treatment-related AEs took place in 12% for
atezolizumab/bevacizumab vs. 8% for sunitinib. In a
pooled analysis of the IMmotion 150 and IMmotion
151 in which the safety data were carefully exam-
ined, patients on sunitinib reported more grade 3/4
events (54% vs. 40%) and discontinued therapy more
often (8% vs. 5%) [50]. When treated with the combi-
nation of atezolizumab/bevacizumab, corticosteroids
were needed in 16% of patients because of immune
toxicity.

In a systematic review that included CheckMate-
214, IMmotion 150, and CheckMate-025 in the
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meta-analysis, ICI has shown to decrease the risk
of death over standard of care by 25% [51]. In the
PD-L1+ subpopulation this increases to 36%. When
including the IMmotion 151 study, in which the OS
data are still immature, ICI demonstrated a decrease
in progression by 11%. However, no significant
improvement in PFS was found in treatment-
naive or PD-L1+ patients compared to sunitinib.
Considering ORR in treatment-naive patients, ICI
increased the relative risk for response by 14% over
sunitinib.

The combination of atezolizumab and beva-
cizumab has also been investigated in non-clear-cell
RCC and clear-cell RCC with >20% sarcomatoid
differentiation [52]. In a single-arm phase II trial
65 patients were enrolled of whom 52 underwent a
response assessment and were included in the analy-
sis. Of these 52 patients, 16 patients had sarcomatoid
differentiated RCC. The ORR in the overall cohort
was 31%. Data on PD-L1 expression status and sur-
vival are not yet mature.

Currently, several trials combining ICI with TKI
are ongoing in RCC [53]. For example, an ongoing
three-arm phase III trial (CLEAR; NCT02811861)
will investigate the combination of lenvatinib plus
everolimus or pembrolizumab compared to suni-
tinib in the first-line. Since the phase II CABOSUN
trial, cabozantinib has shown to be an attractive
and possibly more active alternative to sunitinib in
intermediate and poor risk treatment-naive patients
[54]. Median PFS was 8.6 months vs. 5.3 months
for cabozantinib vs. sunitinib (HR 0.48 [95% CI,
0.31–0.74]; P = 0.0008) and with limited time of
median follow-up, OS was in favor of cabozan-
tinib. Based on these results cabozantinib has been
approved as a first-line option in RCC. Currently,
a phase III trial is investigating the combination of
cabozantinib and nivolumab compared to sunitinib
(CheckMate-9ER; NCT0314117). The study origi-
nally had an experimental arm of triplet therapy in
which also ipilimumab was added. However, this
arm has been discontinued for toxicity reasons. The
COSMIC-313 trial (NCT03937219), however, adds
ipilimumab and will investigate the combination of
cabozantinib with nivolumab and ipilimumumab ver-
sus nivolumab and ipilimumab. Preliminary results of
the phase Ib trial demonstrated an acceptable toxicity
profile of this combination and moreover, promis-
ing antitumor activity in genitourinary malignancies
[55]. We are eagerly awaiting the results from these
trials.

MOLECULAR CORRELATES OF
CLINICAL OUTCOME TO ICI

Multiple studies underscore the importance of
mutational analysis in order to better predict response
to treatment [56–58]. Primary RCCs however, despite
being responsive to immunotherapy, do not har-
bor a high mutational burden [59]. Turajlic et al.
showed that frameshift mutations occur more fre-
quently in RCC tumors compared to other solid
tumors [60]. They hypothesized that per mutation,
frameshift mutations have a higher propensity to con-
tribute to neoantigen formation compared to single
nucleotide mutations, in other words, that despite
low single nucleotide variant burden, neoantigens
may still be important for recognition by T-cells in
RCC. In addition, an association between expression
of endogenous retroviral sequences and cytolytic T-
cell activity was demonstrated [61], suggesting that
endogenous retroviral gene segments may give rise
to neoantigens that can be recognized by tumor infil-
trating T-cells.

The majority of trials have been limited to patients
with clear-cell histology. However, within the differ-
ent histologic subtypes of RCC, it might be that each
subtype has different markers and targets for therapy
and different prognostic factors. An important predic-
tive factor for the response to ICI is the expression of
immune cell gene-specific signatures of which nearly
universal upregulation has been shown in clear-cell
RCC [62]. However, non-clear-cell RCC have also
shown to be responsive to ICI [63]. In the past years,
several markers have been explored in order to better
predict response to treatment. It has been investi-
gated whether tumor mutational load or expression
of cytolytic genes like granzyme A (GZMA) and per-
forin (PRF1) as a marker of immunoreactive tumor
microenvironment differ between the risk groups due
to the observation that IMDC poor-risk patients have
greatest OS benefit from treatment with nivolumab
[64]. This study did not reveal any differences across
the different risk groups and in addition, no dif-
ferences in PD-1, PD-L1, PD-L2, and CTLA-4
expression was observed. PD-L1 has not yet been
proven to be a good marker for response to ICI in
mRCC. In the CheckMate-214 study, which resulted
in the approval of nivolumab/ipilimumab as first-line
therapy for intermediate and poor risk patients, ORR
was 37% in PD-L1 negative patients and 58% in
PD-L1 positive patients [35]. However, both PD-L1
positive and PD-L1 negative patients benefited from
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ICI with an improved OS. In this study, the expres-
sion of PD-L1 was measured in tumor cells whereas
other studies used tumor infiltrating immune cells to
determine the PD-L1 status. Therefore, the role for
PD-L1 testing remains unclear and negative PD-L1
status would not exclude patients from treatment with
ICI.

Interestingly, in Microphthalmia Transcription
Factor (MITF) family translocation RCC, a rare sub-
type of RCC, PD-L1 expression was reported in 90%
and therefore this subtype of RCC patients may pos-
sibly be responsive to ICI. In a retrospective study
of 24 patients, 7 patients had clinical benefit defined
as partial response or stable disease [65]. They ana-
lyzed genomic alterations in eight patients of whom
two had stable disease and two partial response and
found mutations in bromodomain-containing genes
(PBRM1 and BRD8) that might be associated with
clinical benefit.

In IMmotion 150, the investigators evaluated the
expression of previously defined genes representing
angiogenesis and immune biology in the pretreatment
tumor specimens. The expression of the angiogenesis
gene signature was higher in both VHL and PBRM1
mutants compared to non-mutants. Previously, it had
been shown that patients with PBRM1 mutations
have a favorable outcome compared to those with a
BAP1 mutation [66]. Besides, patients with loss-of-
functions mutations in the PBRM1 gene have more
clinical benefit from ICI [67]. This was confirmed
in the IMmotion 150 study in which patients with
a PBRM1 mutation had an improved PFS on ate-
zolizumab/bevacizumab and sunitinib compared to
non-mutants. However, PBRM1 mutants had worse
PFS when treated with atezolizumab monother-
apy. These results might explain the finding that
PBRM1 mutations are found in patients with extreme
responses to TKI [68].

In IMmotion 150, it was shown that high
expression of the angiogenesis gene signature was
associated with an improved ORR (46% vs. 9%
when low expressed) when treated with sunitinib
[47]. In the group with low expression of this
angiogenesis gene signature, PFS was improved in
the atezolizumab/bevacizumab group compared to
sunitinib (11.3 vs. 3.7 months). This finding was con-
firmed when this gene signature was prospectively
tested in the 823 patients in the IMmotion 151 study
[69]. Moreover, similar results from biomarker anal-
yses of 886 tumor samples of the JAVELIN Renal 101
study (avelumab/axitinib vs. sunitinib) were recently
presented by Choueiri et al. [70]. It was demonstrated

that high expression of the angiogenesis gene signa-
ture was associated with a longer PFS when treated
with sunitinib and a low expression improved PFS in
the avelumab/axitinib arm. Tumor mutational burden
did not distinguish patients considering PFS.

Next, the expression of a gene signature corre-
sponding to the presence of a pre-existing immune
response (Teff ) and the expression of a gene signa-
ture consistent with myeloid inflammation (Myeloid)
was tested in IMmotion 150. Previously, the presence
of MDSCs had been associated with suppression of
the (antitumor) T-cell response [71]. Patients treated
with atezolizumab monotherapy had worse activ-
ity when there was a high expression of the Teff
gene signature (Teff

high) together with a high expres-
sion of the Myeloid signature (Myeloidhigh). This
subgroup (Teff

high Myeloidhigh) showed improved
PFS when treated with atezolizumab plus beva-
cizumab. In contrast, there was no difference between
treatment with atezolizumab/bevacizumab or ate-
zolizumab monotherapy in the patient subgroup with
a Teff

high and Myeloidl◦w signature suggesting that
this subgroup could benefit from ICI alone instead of
ICI + anti-VEGF.

To test the clinical value of molecular sub-
groups, the phase II biomarker driven BIONIKK
trial (NCT02960906) will investigate the efficacy of
a treatment choice (nivolumab and ipilimumab or
TKI) based on molecular subgroups. In melanoma,
an extensive study in responders and non-responders
to ICI has been executed. By using single-cell
sequencing both ‘cold’ (low number of tumor infil-
trating T-cells) and ‘hot’ (high number of tumor
infiltrating T-cells) tumors were characterized result-
ing in a malignant cell signature whose expression
was strongly correlated (positively and negatively)
with T-cell abundance [72]. The gene signature was
able to predict PFS in patients treated with ICI
and outperformed 47 alternative response predictors.
Interestingly, it was shown that CDK4/6 inhibitors
were capable of repressing the gene signature and
sensitizing malignant cells to ICI. This provides
a rationale for combining both ICI and CDK4/6
inhibitors in patients resistant to ICI. However, it is
not exactly known if this gene signature can be used in
patients with RCC. Yet, it has been demonstrated that,
overall, clear-cell RCC has a high immune infiltration
score and T-cell infiltration score which can possi-
bly be used as a predictor of response to nivolumab
[73]. Both T-cell infiltration and MHC class I
antigen presenting machinery expression (APM)
were elevated in patients responsive to nivolumab
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whereas they were low in patients with progressive
disease.

ICI AS (NEO)ADJUVANT TREATMENT

Several studies are currently investigating the
role of ICI as adjuvant treatment. In IMmotion010
(NCT03024996) and Keynote-564 (NCT03142334)
atezolizumab or pembrolizumab are used as adju-
vant therapy in high-risk patients after nephrectomy,
respectively. The combination of nivolumab and
ipilimumab in patients with localized renal cell carci-
noma is studied in CheckMate-914 (NCT03138512).
RAMPART (NCT03288532) is a recent multi-arm
trial platform that investigates durvalumab plus
tremelimumab (anti-CTLA-4) versus durvalumab
monotherapy versus active monitoring in patients
with intermediate and high risk RCC accord-
ing to the Leibovich risk score. A neoadjuvant
combination of durvalumab plus tremelimumab is
currently being investigated in the United States
(NCT02762006) and may be factored in as another
arm as the trial moves along. In The Netherlands,
the NEOAVAX study (NCT03341845) adds neoad-
juvant avelumab to axitinib in patients with localized
RCC and a moderate to high risk of recurrence
in a single arm phase II Simon-two stage design.
Meanwhile, nivolumab is investigated as both neoad-
juvant and adjuvant treatment in the United States-led
PROSPER trial (NCT03055013), a phase III trial ran-
domizing between perioperative nivolumab versus
observation.

Recently, data on the use of neoadjuvant nivolumab
with bevacizumab or ipilimumab have been pre-
sented (NCT02210117) [74]. Patients received
six weeks of neoadjuvant therapy followed by
cytoreductive nephrectomy or metastasectomy, and
subsequent nivolumab maintenance. The study
demonstrated a best overall response of 70% with
neoadjuvant nivolumab, compared to 93% when
bevacizumab was added, and 70% when ipilimumab
was added.

UPCOMING TRIALS

There remains uncertainty about the optimal
sequence following progression on ICI combinations.
Not all patients benefit from ICI and besides, it can be
associated with possible severe immune-related AEs.
An attempt to decrease the amount of immune-related
AEs is investigated in the Tailored Immunotherapy

Approach with Nivolumab in RCC (TITAN) study
(NCT02917772). In this study, patients that have
been previously untreated or pretreated with one
prior TKI undergo nivolumab induction and ipili-
mumab is added in case of stable or progressive
disease. A slightly different approach is done in the
phase II OMNIVORE study (NCT03203473) where
all patients start with nivolumab alone and response is
evaluated at 6 months. In case of partial or complete
response nivolumab is discontinued. In case of stable
or progressive disease two cycles of ipilimumab are
added [75].

Preclinical insights suggest that cytokines like
IL-2 can synergize with ICI. NKTR-214, a con-
jugated IL-2, has shown to increase the ratio of
CD8+/Treg cells in preclinical studies and mediates
anti-tumor activity both as a single-agent and syner-
gistic when combined with an anti-CTLA-4 antibody
[76]. More recently, it has been shown to have a
favorable safety profile in a phase I dose escalation
trial (NCT02869295). Administration of NKTR-214
increased PD-1 expression on CD4+ and CD8+ T-
cells in the tumor, providing a rationale for the
currently recruiting clinical trial in which NKTR-214
is combined with PD-1/PD-L1 inhibitors. Prelimi-
nary results of the PIVOT-02 trial (NCT02983045)
in which NKTR-214 is combined with 3-weekly
nivolumab showed an ORR of 46% was demonstrated
in treatment-naive mRCC patients [77].

In the PDGREE trial (NCT03793166), a phase
III trial, the usual treatment with ipilimumab and
nivolumab followed by nivolumab alone is com-
pared to treatment with ipilimumab and nivolumab,
followed by a combination of nivolumab and
cabozantinib believing that the addition of cabozan-
tinib makes ICI work better.

Another field of high interest in the treatment
of RCC is targeting the metabolic pathway. Previ-
ous studies have demonstrated that the metabolism
of tryptophan, arginine and glutamine is repro-
grammed in many RCCs. These changes enable
the RCC cells to survive in conditions of nutrient
depletion and hypoxia which results in the produc-
tion of immunosuppressive metabolites [78]. The
glutaminase inhibitor CB-839 is able to suppress
the upregulated glutamine pathway and is there-
fore of interest in the treatment of RCC. A Phase I
study in which CB-839 was combined with cabozan-
tinib 60 mg once daily showed promising results
in the 12 evaluable and pretreated patients with
an acceptable toxicity profile and an ORR of 42%
with partial responses in 42% and stable disease in
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58% of patients [79]. Another phase I is upcoming
(NCT02071862).

Next, the Keynote-679/ECHO-302 study will
investigate the addition of an indoleamine 2,3-
dioxygenase 1 (IDO1) inhibitor (epacadostat), an
enzyme involved in the metabolism of tryptophan
[80], to pembrolizumab. The efficacy and safety of
the combination of pembrolizumab/epacadostat will
be compared to sunitinib or pazopanib.

CONCLUSION

The recent studies in ICI have led to a rapid
change in the treatment landscape of mRCC. How-
ever, despite all the practice-changing clinical trials in
the field, sequencing of therapy remains challenging.
Currently, treatment-naive patients with intermediate
and poor risk disease are treated with ipilimumab and
nivolumab as first-line therapy and with VEGF TKI
after treatment failure. Patients with good risk dis-
ease that have been treated with VEGF TKI in the
first-line can be treated with nivolumab monother-
apy in the second-line or TKIs like cabozantinib,
axitinib or lenvatinib plus everolimus [81]. The treat-
ment paradigm is changing again now with approval
of avelumab and axitinib, and pembrolizumab plus
axitinib in first-line for all IMDC risk groups, push-
ing VEGFR-TKI from the standard of care position
into alternatives for patients who cannot tolerate or
receive ICI. It might be of interest to directly compare
pembrolizumab/axitinib with nivolumab/ipilimumab
in order to determine which strategy works best
for the intermediate and poor prognosis patients.
New combinations are tested with special interest
in the involvement of targeting the metabolic path-
way which may lead to new treatment strategies. The
optimal choice and sequence of therapies needs to
be determined and therefore there remains an unmet
need for predictive biomarkers in order to further
optimize and personalize the systemic treatment of
mRCC.
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Rodriguez-Vida A, Glen H, et al. A phase II study
investigating the safety and efficacy of savolitinib and dur-
valumab in metastatic papillary renal cancer (CALYPSO).
2019;37(7 suppl):545.

[45] George S, Rini BI, Hammers HJ. Emerging role of combina-
tion immunotherapy in the first-line treatment of advanced
renal cell carcinoma: A review. JAMA Oncol. 2018.



210 E.A. Reijm et al. / Immune Checkpoint Inhibition

[46] Wallin JJ, Bendell JC, Funke R, Sznol M, Korski K, Jones
S, et al. Atezolizumab in combination with bevacizumab
enhances antigen-specific T-cell migration in metastatic
renal cell carcinoma. Nat Commun. 2016;7:12624.

[47] McDermott DF, Huseni MA, Atkins MB, Motzer RJ, Rini
BI, Escudier B, et al. Clinical activity and molecular corre-
lates of response to atezolizumab alone or in combination
with bevacizumab versus sunitinib in renal cell carcinoma.
Nat Med. 2018;24(6):749-57.

[48] Motzer RJ, Powles T, Atkins MB, Escudier B, McDer-
mott DF, Suarez C, et al. IMmotion151: A randomized
phase III study of atezolizumab plus bevacizumab vs suni-
tinib in untreated metastatic renal cell carcinoma (mRCC).
2018;36(6 suppl):578.

[49] Atkins MB, McDermott DF, Powles T, Motzer RJ, Rini
BI, Fong L, et al. IMmotion150: A phase II trial in
untreated metastatic renal cell carcinoma (mRCC) patients
(pts) of atezolizumab (atezo) and bevacizumab (bev) vs
and following atezo or sunitinib (sun). 2017;35(15 suppl):
4505.

[50] Suarez C, Fong L, De Giorgi U, Di Nucci F, Wang Y,
Khaznadar T, et al. 873PSafety and tolerability of ate-
zolizumab (atezo) plus bevacizumab (bev) vs sunitinib
(sun) in untreated metastatic renal cell carcinoma (mRCC):
Pooled analysis of IMmotion150 and IMmotion151. Annals
of Oncology. 2018;29(suppl 8).

[51] Iacovelli R, Ciccarese C, Bria E, Bimbatti D, Fantinel E,
Mosillo C, et al. Immunotherapy versus standard of care in
metastatic renal cell carcinoma. A systematic review and
meta-analysis. Cancer Treat Rev. 2018;70:112-7.

[52] McKay RR, McGregor BA, Gray K, Steinharter JA,
Walsh MK, Braun DA, et al. Results of a phase II
study of atezolizumab and bevacizumab in non-clear
cell renal cell carcinoma (nccRCC) and clear cell renal
cell carcinoma with sarcomatoid differentiation (sccRCC).
2019;37(7 suppl):548.

[53] Ghatalia P, Zibelman M, Geynisman DM, Plimack ER.
Checkpoint inhibitors for the treatment of renal cell car-
cinoma. Curr Treat Options Oncol. 2017;18(1):7.

[54] Choueiri TK, Hessel C, Halabi S, Sanford B, Michael-
son MD, Hahn O, et al. Cabozantinib versus sunitinib
as initial therapy for metastatic renal cell carcinoma of
intermediate or poor risk (Alliance A031203 CABOSUN
randomised trial): Progression-free survival by independent
review and overall survival update. Eur J Cancer. 2018;94:
115-25.

[55] Nadal RM, Mortazavi A, Stein M, Pal SK, Davarpanah NN,
Parnes HL, et al. Results of phase I plus expansion cohorts of
cabozantinib (Cabo) plus nivolumab (Nivo) and CaboNivo
plus ipilimumab (Ipi) in patients (pts) with with metastatic
urothelial carcinoma (mUC) and other genitourinary (GU)
malignancies. 2018;36(6 suppl):515.

[56] Hellmann MD, Callahan MK, Awad MM, Calvo E, Ascierto
PA, Atmaca A, et al. Tumor mutational burden and
efficacy of nivolumab monotherapy and in combination
with ipilimumab in small-cell lung cancer. Cancer Cell.
2018;33(5):853-61 e4.

[57] Samstein RM, Lee CH, Shoushtari AN, Hellmann MD, Shen
R, Janjigian YY, et al. Tumor mutational load predicts sur-
vival after immunotherapy across multiple cancer types. Nat
Genet. 2019;51(2):202-6.

[58] Mandal R, Samstein RM, Lee KW, Havel JJ, Wang H,
Krishna C, et al. Genetic diversity of tumors with mismatch
repair deficiency influences anti-PD-1 immunotherapy
response. Science. 2019;364(6439):485-91.

[59] Turajlic S, Xu H, Litchfield K, Rowan A, Chambers
T, Lopez JI, et al. Tracking cancer evolution reveals
constrained routes to metastases: TRACERx renal. Cell.
2018;173(3):581-94 e12.

[60] Turajlic S, Litchfield K, Xu H, Rosenthal R, McGranahan N,
Reading JL, et al. Insertion-and-deletion-derived tumour-
specific neoantigens and the immunogenic phenotype: A
pan-cancer analysis. Lancet Oncol. 2017;18(8):1009-21.

[61] Rooney MS, Shukla SA, Wu CJ, Getz G, Hacohen N. Molec-
ular and genetic properties of tumors associated with local
immune cytolytic activity. Cell. 2015;160(1-2):48-61.

[62] Ricketts CJ, De Cubas AA, Fan H, Smith CC, Lang M,
Reznik E, et al. The cancer genome atlas comprehensive
molecular characterization of renal cell carcinoma. Cell
Rep. 2018;23(1):313-26 e5.

[63] Koshkin VS, Barata PC, Zhang T, George DJ, Atkins MB,
Kelly WJ, et al. Clinical activity of nivolumab in patients
with non-clear cell renal cell carcinoma. J Immunother Can-
cer. 2018;6(1):9.

[64] de Velasco G, Miao D, Voss MH, Hakimi AA, Hsieh JJ,
Tannir NM, et al. Tumor mutational load and immune
parameters across metastatic renal cell carcinoma risk
groups. Cancer Immunol Res. 2016;4(10):820-2.

[65] Boileve A, Carlo MI, Barthelemy P, Oudard S, Borchiellini
D, Voss MH, et al. Immune checkpoint inhibitors in MITF
family translocation renal cell carcinomas and genetic cor-
relates of exceptional responders. J Immunother Cancer.
2018;6(1):159.

[66] Kapur P, Pena-Llopis S, Christie A, Zhrebker L, Pavia-
Jimenez A, Rathmell WK, et al. Effects on survival of
BAP1 and PBRM1 mutations in sporadic clear-cell renal-
cell carcinoma: A retrospective analysis with independent
validation. Lancet Oncol. 2013;14(2):159-67.

[67] Miao D, Margolis CA, Gao W, Voss MH, Li W, Martini
DJ, et al. Genomic correlates of response to immune check-
point therapies in clear cell renal cell carcinoma. Science.
2018;359(6377):801-6.

[68] Fay AP, de Velasco G, Ho TH, Van Allen EM, Mur-
ray B, Albiges L, et al. Whole-exome sequencing in two
extreme phenotypes of response to VEGF-targeted therapies
in patients with metastatic clear cell renal cell carcinoma. J
Natl Compr Canc Netw. 2016;14(7):820-4.

[69] Rini BI, Huseni M, Atkins MB, McDermott DF, Powles
TB, Escudier B, et al. LBA31Molecular correlates differ-
entiate response to atezolizumab (atezo) + bevacizumab
(bev) vs sunitinib (sun): Results from a phase III study
(IMmotion151) in untreated metastatic renal cell carcinoma
(mRCC). Annals of Oncology. 2018;29(suppl 8).

[70] Choueiri TK, Albiges L, Haanen JBAG, Larkin JMG,
Uemura M, Pal SK, et al. Biomarker analyses from
JAVELIN Renal 101: Avelumab + axitinib (A+Ax) ver-
sus sunitinib (S) in advanced renal cell carcinoma (aRCC).
2019;37(15 suppl):101.

[71] Gabrilovich DI, Nagaraj S. Myeloid-derived suppressor
cells as regulators of the immune system. Nat Rev Immunol.
2009;9(3):162-74.

[72] Jerby-Arnon L, Shah P, Cuoco MS, Rodman C, Su MJ,
Melms JC, et al. A cancer cell program promotes T cell
exclusion and resistance to checkpoint blockade. Cell.
2018;175(4):984-97 e24.

[73] Senbabaoglu Y, Gejman RS, Winer AG, Liu M, Van Allen
EM, de Velasco G, et al. Tumor immune microenvironment
characterization in clear cell renal cell carcinoma identifies
prognostic and immunotherapeutically relevant messenger
RNA signatures. Genome Biol. 2016;17(1):231.



E.A. Reijm et al. / Immune Checkpoint Inhibition 211

[74] Gao J, Karam JA, Tannir NM, Slack R, Ahrar K, Rao
P, et al. A pilot randomized study evaluating nivolumab
(nivo) or nivo + bevacizumab (bev) or nivo + ipili-
mumab (ipi) in patients with metastatic renal cell carcinoma
(MRCC) eligible for cytoreductive nephrectomy (CN),
metastasectomy (MS) or post-treatment biopsy (Bx).
2018;36(15 suppl):4520.

[75] Wei XX, McKay RR, Gray KP, Stadler WM, McDer-
mott DF, McGregor BA, et al. Optimized management of
nivolumab (NIVO) and ipilimumab (IPI) in advanced renal
cell carcinoma (OMNIVORE): A response-based phase II
study. 2018;36(15 suppl):TPS4600-TPS.

[76] Charych DH, Hoch U, Langowski JL, Lee SR, Addepalli
MK, Kirk PB, et al. NKTR-214, an engineered cytokine
with biased IL2 receptor binding, increased tumor exposure,
and marked efficacy in mouse tumor models. Clin Cancer
Res. 2016;22(3):680-90.

[77] Diab A, Hurwitz ME, Cho DC, Papadimitrakopoulou V,
Curti BD, Tykodi SS, et al. NKTR-214 (CD122-biased
agonist) plus nivolumab in patients with advanced solid
tumors: Preliminary phase 1/2 results of PIVOT. 2018;
36(15 suppl):3006.

[78] Wettersten HI, Aboud OA, Lara PN Jr, Weiss RH. Metabolic
reprogramming in clear cell renal cell carcinoma. Nat Rev
Nephrol. 2017;13(7):410-9.

[79] Meric-Bernstam F, Lee RJ, Carthon BC, Iliopoulos O, Mier
JW, Patel MR, et al. CB-839, a glutaminase inhibitor, in
combination with cabozantinib in patients with clear cell
and papillary metastatic renal cell cancer (mRCC): Results
of a phase I study. 2019;37(7 suppl):549.

[80] Komiya T, Huang CH. Updates in the Clinical Development
of Epacadostat and Other Indoleamine 2,3-Dioxygenase
1 Inhibitors (IDO1) for Human Cancers. Front Oncol.
2018;8:423.

[81] McKay RR, Bosse D, Choueiri TK. Evolving systemic
treatment landscape for patients with advanced renal cell
carcinoma. J Clin Oncol. 2018:JCO2018790253.


