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The incidence of renal cell carcinoma (RCC) is rising and metastatic RCC carries a very
poor prognosis. The treatment paradigm for metastatic RCC has shifted dramatically in
the last decade with multi-targeted tyrosine kinase inhibitors (TKI) previously used as first-
line treatment but its utility is limited by short-lived efficacy and rapid disease progression.
The dysregulation of immune cells in the tumour microenvironment contributes to
unregulated growth of RCC. Thus, the use of immune checkpoint inhibitors has
become first-line treatment for metastatic RCC and has offered dramatic improvement
in clinical benefit and survival. Treatment with immune checkpoint inhibitor in combination
with TKI appears to be promising in offering even greater response rates. The treatment
for metastatic RCC continues to evolve and ongoing advances with new targeted agents
and biomarkers are needed to continue to improve prognosis in the future.

Keywords: metastatic renal carcinoma, immune checkpoint inhibition (ICI), anti-VEGF (vascular endothelial growth
factor) agents, tyrosine kinase inhibitions (TKIs) therapy, biomarker
INTRODUCTION

Renal cell carcinoma (RCC) has an incidence of approximately 400,000 cases per year globally,
which is highest in North America, Europe and Australia (1). The incidence of RCC is rising over
the last 50 years, which is attributable to increasing detection on imaging and increasing exposure to
risk factors including obesity and alcohol consumption, particularly in developed countries (2).

The prognosis of RCC is poor as 30% of patients have metastatic disease at diagnosis with a
5-year survival rate of only 12% (3). Clear cell RCC (ccRCC) is the most common histological
subtype and accounts for over 75% of RCCs, in comparison to non-clear cell RCC (nccRCC), which
consists of 15 histological subtypes, including papillary and chromophobe histology (4). Prognosis
can be conferred using the International Metastatic Renal Cell Carcinoma Database (IMDC), which
may be used to assess risk in individual patients and can guide treatment decisions (5). Factors
included in the IMDC are anaemia, neutrophilia, thrombocytosis, hypercalcaemia, Karnofsky
performance status of less than 80 and less than 1 year from diagnosis to first-line systemic therapy
(5). The presence of brain, bone or liver metastasis as the first site of metastatic disease prior to
treatment was identified as a newly validated prognostic factor, which was associated with worse
overall survival in the groups with favourable and intermediate IMDC risk (6).
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The advent of targeted treatment such as tyrosine kinase
inhibitors improved survival outcomes for patients with
metastatic RCC in the last decade (7). However, more recently,
the use of immune checkpoint inhibitors has offered further
improvement in outcomes for patients. This has dramatically
altered the treatment paradigm for metastatic RCC and immune
checkpoint inhibitors are increasingly used as the first-line
treatment for metastatic ccRCC (Figure 1). This review will
discuss the mechanism of immune checkpoint inhibitor in
treatment of metastatic RCC, the key evidence supporting its
use as first-line treatment and future research directions.
MOLECULAR PATHOGENESIS OF RCC

The development of RCC is underpinned by abnormal
angiogenesis. The von Hippel-Lindau (VHL) gene is a tumour
suppressor gene that regulates activity of hypoxia-induced factor
(HIF) and expression of vascular endothelial growth factor
(VEGF) and platelet-derived growth factor (PDGF) (8). VHL is
dysfunctional or inactivated in over 80% of ccRCC, resulting in
increased HIF activity and overexpression of VEGF and PDGF
which contributes to uncontrolled angiogenesis and tumour
growth (8). Tyrosine kinase inhibitors (TKI) that inhibit VEGF
pathway are anti-angiogenic and suppress tumour growth, with
demonstrated efficacy in treatment of RCC (9). Anti-VEGF TKIs
including sunitinib and pazopanib were previously used as first-
line treatment of metastatic RCC. However, despite its initial
efficacy, anti-tumour response is short-lived and tumour
resistance inevitably develops during TKI treatment (10).

RCC is highly immunogenic and contributes to mobilisation
of immune cells such as Tumour Infiltrating Lymphocytes (TILs)
and natural killer cells into the tumour microenvironment, which
promotes tumour growth (11, 12). Further, Programmed Death
Ligand 1 (PD-L1) is widely expressed in RCC, which illustrates
the importance of the PDL-1/PDL1 checkpoint in regulating
tumour growth in RCC (12). Overexpression of PDL1 and its
interaction with inhibitory PD-1 receptors results in
downregulation and anergy of T cells, therefore downregulating
Frontiers in Oncology | www.frontiersin.org 2
host immune response against RCC (12–14). Immune checkpoint
inhibitors including PD-1 inhibitors, pembrolizumab and
nivolumab promote a long-lasting host immune response
against tumour growth by inhibiting tumour-induced
downregulation of host T cells (14).
IMMUNE CHECKPOINT INHIBITOR
TREATMENT IN METASTATIC ccRCC

The use of immune checkpoint inhibitors nivolumab and
ipilimumab is now approved for first-line treatment of
intermediate and poor-risk metastatic RCC and has
demonstrated improved overall survival across multiple clinical
trials (Table 1). Nivolumab is a PD-1 inhibitor which blocks the
interaction of PD-1 on T cells with PD-L1, thereby preventing T
cell inactivation (14). Nivolumab demonstrated anti-tumour
activity and efficacy in a phase II trial in second-treatment of
metastatic ccRCC, that had been previously treated with an anti-
angiogenic agent (24). The objective response rate of nivolumab
was approximately 20% and pleasingly 40% of responders had
durable responses at 24 months (24). In the phase III trial,
CheckMate-025, nivolumab used in a second-line treatment
setting, demonstrated a higher objective response rate of 25%
compared to 5% in everolimus and a significant increase in overall
survival of 25 months compared to 19.6 months in the everolimus
group (25).

In the pivotal phase III trial CheckMate-214, treatment with
nivolumab and ipilimumab in the first-line setting for metastatic
ccRCC resulted in a higher response rate (42% vs. 27%, p<0.001),
progression-free survival and a significant increase in 12-month
overall survival rate (80% vs. 72%, p<0.001), when compared to
the control arm of sunitinib in those with intermediate or poor
IMDC risk (15). The higher response rate and overall survival
benefit offered by nivolumab and ipilimumab in the groups with
intermediate and poor IMDC risk was ongoing after 4 years of
follow up, demonstrating a durable response, with a 4-year
overall survival rate of 50% compared to 35.8% in the control
arm (16). Moreover, 10% of patients achieved complete response
FIGURE 1 | Timeline of FDA-approved treatment for metastatic RCC in first-line setting.
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in the intervention arm across all IMDC risk groups, whereas
treatment with sunitinib only offered a complete response rate of
1.4% and 6.5% in the intermediate to poor risk and favourable
risk groups respectively (16). However, PD-L1 expression did not
predict treatment response and survival benefit was observed
independent of PD-L1 expression. Despite the use of two
immune checkpoint inhibitors, there was a lower incidence of
grade 3 and 4 treatment-related toxicities observed in the
intervention arm in comparison to the use of sunitinib.
Toxicities from nivolumab and ipilimumab were similar to that
observed in immune checkpoint inhibitor studies in other solid
organ malignancies, the most common of which included
fatigue, pruritus, diarrhoea, rash and nausea. However, the
Frontiers in Oncology | www.frontiersin.org 3
incidence of grade 3 or above toxicities was still high at 46%.
High dose corticosteroid treatment was required in 36% of
patients experiencing toxicities, higher than when compared to
treatment with immune checkpoint inhibitor combined with an
anti-VEGF agent. Nonetheless, patient-reported quality of life
was higher in the those who received immune checkpoint
inhibitor treatment compared to sunitinib. This trial was
practice-changing as immune checkpoint inhibitor with
nivolumab and ipilimumab became the new standard-of-care
first-line treatment for intermediate or poor risk metastatic RCC
and was approved by the FDA in April 2018 for this indication.

More recently, Keynote-427, a phase II study investigated the
efficacy of single-agent pembrolizumab in treatment-naïve
TABLE 1 | Summary of key phase III trials in the use of immune checkpoint inhibitors in first-line treatment of metastatic RCC.

Phase III Trial Intervention Control Histology Objective
response rate

Progression Free Sur-
vival

Overall Survival

CheckMate 214,
2018 (15, 16)

Nivolumab (3mg/kg) &
ipilimumab 1mg/kg)
followed by nivolumab
3mg/kg every 2 weeks

Sunitinib 50mg
daily for 4 weeks
on, 2 weeks off

Clear cell Fav IMDC risk:
29.6 vs. 51.6%
p=0.0005

Intermediate &
poor IMDC
risk:
41.9 vs. 26.8%
p<0.0001

ITT:
39.1 vs. 32.4
p=0.0134

Fav IMDC risk:
12.4 vs. 28.9 months
HR 1.84
95% CI
(1.29-2.62)
Intermediate & poor IMDC
risk:
11.2 vs. 8.3 months
HR 0.74
95% CI (0.62-0.88)

ITT:
12.2 vs 12.3 months
HR 0.89
95% CI (0.76-1.05)

Fav IMDC risk:
HR 0.93
95% CI 0.62-1.4
OS not reached

Intermediate & poor IMDC
risk:
48.1 vs. 26.6 months
50% vs. 35.8%
HR 0.65
95% CI (0.54-0.78)
ITT:
46.7 vs. 38.4 months
53.4% vs. 43.3%
HR 0.69
95% CI (0.59-0.81)

JAVELIN Renal 101,
March 2019 (17, 18)

Avelumab (10mg/kg) &
axitinib 5mg twice daily

Sunitinib 50mg
daily for 4 weeks
on, 2 weeks off

Clear cell 51.4% vs.
25.7%
p value not
available

13.3 vs. 8.0 months
p<0.0001

HR 0.796
95% CI 0.616-1.027
p=0.0392
(did not reach pre-
specified significance level)

KEYNOTE-426,
March 2019 (19, 20)

Pembrolizumab 200mg &
axitinib 5mg twice daily

Sunitinib 50mg
daily for 4 weeks
on, 2 weeks off

Clear cell 59.3% vs.
35.7%
p< 0.001

15.4 vs. 11.1 months
p<0.0001

HR 0.68
95% CI 0.55-0.85
p=0.0003
Median OS not reached

IMmotion151,
May 2019 (21)

Atezolizumab 1200mg &
bevacizumab 15mg/kg

Sunitinib 50mg
daily for 4 weeks
on, 2 weeks off

Clear cell
Sarcomatoid
allowed

43% vs. 25%
p value not
available

11.2 vs. 8.4 months
p=0.0219

63% vs. 60%
at 24 months
p=0.4751

CheckMate-9ER
2020 (22)

Nivolumab 240mg &
cabozantinib 40mg daily

Sunitinib 50mg
daily for 4 weeks
on, 2 weeks off

Clear cell
Sarcomatoid
allowed

55.7% vs.
27.1%
p<0.0001

16.6 vs. 8.3 months
HR 0.51
95% CI 0.41-0.64
p<0.0001

85.7% vs. 75.6% at 12
months
HR 0.6,
98% CI 0.4-0.89
P=0.001

CLEAR, 2021 (23) Arm A: lenvatinib &
pembrolizumab
Arm B: lenvatinib &
everolimus

Sunitinib 50mg
daily for 4 weeks
on, 2 weeks off

Clear cell
Sarcomatoid
allowed

71% vs. 53.5%
vs. 36.1%
p value not
available

Arm A vs. control:
23.9 vs. 9.2 months
p<0.001
Arm B vs. control:
14.7 vs. 9.2 months
p <0.01

Arm A vs. control:
HR 0.66
95% CI 0.49-0.88
p=0.005
OS not reached
Arm B vs. control:
HR 1.15
95% CI 0.88-1.5
p=0.3
OS not reached
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metastatic RCC. Cohort A of this study recruited patients with
ccRCC and results demonstrated efficacy of pembrolizumab with
an objective response rate of 36.4%, progression free and overall
survival rates of 22.3% and 70.8% respectively at 24 months of
follow up. This benefit was observed regardless of PD-L1
expression and IMDC risk. The incidence of grade 3 or above
toxicity was 30%, the most common of which was colitis. High
dose corticosteroid treatment was required in 44% of cases of
immune-related toxicities. Pembrolizumab may be a possible
treatment option to TKI in those with favourable-risk disease
with manageable toxicities. However, this study is limited by its
single-arm design, therefore a phase III trial would be required to
compare its efficacy and safety with sunitinib or ipilimumab with
nivolumab (26).
IMMUNE CHECKPOINT INHIBITOR &
ANTI-VEGF TREATMENT IN
METASTATIC ccRCC

More recently, there is emerging evidence to support the use of
immune checkpoint inhibitor in combination with anti-VEGF
targeted agents for treatment of metastatic RCC in the first-line
setting (Table 1). Anti-VEGF agents are important in their role
in anti-angiogenesis, it is hypothesised that these agents are also
important in moderating the immune system by promoting
trafficking of immune cells to tumour microenvironment (27).
Therefore, it is proposed that the combination of immune
checkpoint inhibitor with anti-VEGF agents would act
synergistically in reducing tumour burden.

The phase III trial JAVELIN Renal 101 demonstrated efficacy of
PD-L1 inhibitor avelumab in combination with anti-VEGF agent
axitinib in treatment-naive metastatic ccRCC (17). Treatment with
avelumab and axitinib was associated with a higher response rate
(51.4% vs. 25.7%) and a significantly higher progression-free
survival (13.3 vs. 8 months, p< 0.0001) in comparison to the
control arm of sunitinib. This benefit was observed regardless of
PD-L1 level and IMDC risk. However, avelumab and axitinib did
not offer a significant overall survival benefit compared to the
control arm in an updated analysis in 2020 (18). Common
toxicities associated with avelumab and axitinib include
hypertension and skin toxicity but hepatotoxicity was more
prevalent in the sunitinib group. Nonetheless, the FDA approved
the use of avelumab and axitinib as first-line treatment for
metastatic RCC in 2019.

The phase III trial, Keynote-426 delivered promising results
for the use of PD-1 inhibitor pembrolizumab and anti-VEGF
agent axitinib in first-line treatment for metastatic ccRCC (19,
20, 28). Treatment with pembrolizumab and axitinib
demonstrated a significantly higher objective response rate
(59.3% vs. 35.7%, p< 0.001), progression-free survival (15.4 vs.
11.1 months, p<0.0001) and overall survival (HR 0.68, 95% CI
[0.55-0.85] p=0.0003) in comparison to sunitinib. This benefit
was observed regardless of PD-L1 expression or IMDC risk.
There were no unexpected treatment toxicities but there was a
higher incidence of hepatotoxicity and rates of treatment
Frontiers in Oncology | www.frontiersin.org 4
discontinuation in the intervention arm. Hypertension and
diarrhoea were common toxicities in both groups. Treatment
with pembrolizumab and axitinib appears to offer durable anti-
tumour response at long-term follow up with an objective
response rate of 85%, progression-free survival and overall
survival rates of 94.7% and 74.8% at 36 months respectively
(28). Results from Keynote-426 are practice-changing as the
combination of pembrolizumab and axitinib was approved by
the FDA in April 2019 for first-line treatment of metastatic RCC.

The phase III trial, IMmotion151 included patients with
ccRCC with sarcomatoid differentiation, which accounted for
16% of the study population. In this trial, first-line treatment with
PD-L1 inhibitor atezolizumab and anti-VEGF monoclonal
antibody bevacizumab was associated with a higher response
rate (43% vs. 25%) and significant improvement in progression-
free survival (11.2 vs. 8.4 months, p=0.02) compared to sunitinib
but this did not translate into an overall survival benefit (21).
Treatment with atezolizumab and bevacizumab was well tolerated
with a lower incidence of grade 3 or more toxicities and rates of
treatment discontinuation compared to sunitinib. Immune-
related toxicities from immune checkpoint inhibitor were as
expected, however with the addition of bevacizumab-related
toxicities including hypertension and proteinuria. Despite a
benefit in overall survival was not observed in this trial, this
treatment appears to have activity in the group of ccRCC with
sarcomatoid differentiation on subgroup analyses. This treatment
regimen has not been granted FDA approval.

The phase III trial, Checkmate-9ER included patients with
ccRCC with sarcomatoid differentiation, which constituted 11.5%
of the study population and investigated the role of nivolumab
and cabozantinib, a second-generation anti-VEGF agent, in
treatment-naïve advanced ccRCC (22). Results from this trial
are encouraging, treatment with nivolumab and cabozantinib was
associated with significantly higher response rate (55.7% vs.
27.1%, p<0.0001), longer progression-free survival (16.6 vs. 8.3
months, p<0.0001) and 12-month overall survival (85.7% vs.
75.6%, p=0.001) compared to sunitinib. This benefit was
observed across all subgroups including the group with ccRCC
with sarcomatoid differentiation. Survival benefit was observed
independent of PD-L1 expression and IMDC risk. No unexpected
treatment-related adverse events were identified although rates of
hepatotoxicity were higher in the intervention group. 19% of
patients in the intervention arm required high dose corticosteroid
treatment due to immune-related toxicities. However, patient-
reported quality of life was greater in the intervention arm
compared to sunitinib. First-line treatment with nivolumab and
cabozantinib for metastatic RCC was most recently FDA-
approved in January 2021 based on results from this trial.
However, follow-up duration in this trial is reasonably short at
18 months and therefore durability of treatment response will
need to be assessed at long-term follow up.

The phase III trial, CLEAR has recently been completed and
investigated the efficacy of anti-VEGFR TKI lenvatinib either in
combination with everolimus alone or combined with both
everolimus and pembrolizumab in treatment-naïve ccRCC
(23). This trial also included patients with ccRCC with
sarcomatoid differentiation, which constituted approximately
August 2021 | Volume 11 | Article 707214
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20% of the study population. Treatment with lenvatinib and
pembrolizumab was associated with a higher objective response
rate (71% vs. 53.5% vs. 36.1%) compared to lenvatinib with
everolimus and sunitinib respectively. Lenvatinib and
pembrolizumab offered significantly higher progression-free
survival (23.9 vs. 9.2 months, p<0.001) and higher overall
survival (HR 0.66, 95% CI 0.49-0.88, p=0.005, OS NR) when
compared to sunitinib. This benefit was observed regardless of
PD-L1 level or IMDC risk. Lenvatinib and everolimus also
offered longer progression-free survival (14.7 vs. 0.2 months,
p<0.001) compared to sunitinib, but this did not translate into an
overall survival benefit. However, toxicity appears to be an issue
in this treatment and commonly included hypertension,
diarrhoea, elevated lipase and hypertriglyceridaemia. 68.8% of
patients in the lenvatinib and pembrolizumab group required
dose reduction of lenvatinib and 37.2% of patients discontinued
treatment as a result of toxicities. The FDA approved the use of
lenvatinib and pembrolizumab in 2021 for treatment of
metastatic RCC in 2021. Nonetheless, longer follow up data is
required to continue to assess the efficacy and durability of
response in this treatment.
DISCUSSION & FUTURE DIRECTIONS

The Selection of First-Line Treatment
Regimen in Metastatic ccRCC
The advent of immune checkpoint inhibitors has led to a
plethora of new treatment options for metastatic RCC. The
approach of combining immune checkpoint inhibitor with a
TKI as first-line treatment of metastatic RCC appears promising,
yielding higher response rates and improved survival outcomes,
demonstrated across multiple phase III trials (Table 1). This is
supported by the most recent National Comprehensive Cancer
Network (NCCN) and European Association of Urology (EAU)
guidelines in 2021, which both recommend first-line treatment
with immune checkpoint inhibitor in combination with TKI
regardless of IMDC risk or alternatively nivolumab and
ipilimumab in intermediate and poor IMDC risk (17–23, 27–
30). However, most clinical trials compared the efficacy of
immune checkpoint inhibitors with sunitinib as the control,
which is no longer considered the standard-of-care treatment.

There is no head-to-head trial evidence to compare the efficacy
of the various treatment options available including immune
checkpoint inhibitors, anti-VEGF therapy or a combination of
both. There are multiple factors to consider when selecting first-
line treatment for metastatic RCC. The IMDC prognostic risk
model remains important in guiding selection of treatment. In
favourable-risk disease, first-line treatment options include an anti-
angiogenic agent alone or in combination with an immune
checkpoint inhibitor, the latter option is favoured as illustrated in
both NCCN and EAU guidelines in 2021. In favourable-risk disease,
treatment with immune checkpoint inhibitor with TKI offers higher
response rate and improved survival outcomes, when compared to
treatment with sunitinib alone. In intermediate or poor risk disease,
treatment options include ipilimumab and nivolumab or combining
an immune checkpoint inhibitor with a TKI. Treatment with
Frontiers in Oncology | www.frontiersin.org 5
immune checkpoint inhibitor and TKI may be favoured in
patients who are highly symptomatic with high disease burden
and a rapid treatment response is desired, which may be offered by
the TKI component of this treatment. Durability of treatment
response should also be considered as there is now long-term
follow up data to demonstrate the durable response and survival
benefits offered by treatment with ipilimumab and nivolumab. In
contrast, most clinical trials investigating various treatment
regimens with immune checkpoint inhibitor and TKI have
shorter follow up and immature long-term data, therefore it is
unclear whether this treatment also offers similar durable responses
when compared to ipilimumab and nivolumab. Toxicity is also an
important consideration given higher rates of immune-related
toxicities and requirement for high dose corticosteroid treatment
associated with ipilimumab and nivolumab treatment compared to
treatment with immune checkpoint inhibitor and TKI.

There are now multiple FDA-approved immune checkpoint
inhibitor and anti-VEGF treatment regimens available, which
further complicates the decision-making process in selecting
treatment for patients with treatment-naïve RCC (Figure 1).
The regimens used in JAVELIN Renal 101 and IMmotion 151
are unlikely to be preferred options given the lack of overall
survival benefit and the latter is not FDA-approved. The
treatment regimens used in Keynote-426, Checkmate-9ER and
CLEAR all demonstrated impressive response rates but all had
various issues with toxicity, and selection should be based on
patient characteristics and their other co-morbidities. Lenvatinib
and pembrolizumab treatment was associated with higher rates of
hypertension and hyperlipidaemia, which may be an issue in
patients with cardiovascular co-morbidities. Rates of
hepatotoxicity were high in treatment with pembrolizumab
with axitinib and nivolumab with cabozantinib, which may be
challenging to manage in patients with underlying hepatic
impairment. Secondly, histopathological features may guide
decision-making as patients with ccRCC with sarcomatoid
differentiation were only included in Checkmate-9ER and
CLEAR and appear to derive benefit from treatment. Lastly,
cost and access to treatment must be considered, which varies
internationally. In Australia, only ipilimumab and nivolumab
treatment is funded under the Pharmaceutical Benefit Scheme
(PBS), none of the treatment regimens with immune checkpoint
inhibitor and TKIs are available under PBS access at present.
Current Clinical Trials Investigating
Treatment Options in Metastatic ccRCC
The treatment landscape in metastatic RCC continues to evolve
with multiple clinical trials investigating the role of combining
immune checkpoint inhibitor with targeted agents in both
treatment-naïve and treatment-refractory ccRCC (31),
summarised in Table 2.The current active phase III clinical trials
COSMIC-313 and PDIGREE use ipilimumab and nivolumab as
the control arm unlike many previous trials which have historically
used sunitinib as the control arm. The role of novel targeted agents
is investigated in various phase I trials in heavily pre-treated RCC,
including ciforadenant, an inhibitor of adenosine A2A receptor,
which is expressed on T lymphocytes [NCT02655822].
August 2021 | Volume 11 | Article 707214
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Tivozanib is a selective and potent TKI that targets the VEGF
receptor and demonstrated efficacy in treatment-naive RCC but
did not show an overall survival benefit when compared to
sorafenib in the phase III trial, TIVO-I (32). Similarly, the phase
III trial, TIVO-III demonstrated an improved progression-free
survival when tivozanib is used in heavily pre-treated patients with
progressive RCC, but this did not translate into an overall survival
benefit (33). More recently, the phase I/II trial TiNivo showed that
treatment with tivozanib and nivolumab had a higher response
rate of 56%, when compared to tivozanib alone (34). The phase III
trial, TiNivo-2 is recruiting at present and aims to explore the
progression-free survival and overall survival of treatment with
tivozanib and nivolumab compared to tivozanib alone in
previously treated patients with progressive RCC (35).

Hypoxia-inducible factor-2a (HIF-2a) accumulates
abnormally in VHL inactivation, which results in tumour
growth and progressive clear-cell RCC (8). Belzutifan is an
HIF-2a inhibitor, which demonstrated activity in heavily pre-
treated clear-cell RCC in a phase I trial, with an objective
response rate of 25% (36). Toxicities included anaemia and
hypoxia. The efficacy of belzutifan with cabozantinib is
currently investigated in a phase II trial, which is recruiting
both treatment-naïve patients and those who progressed with
prior immune checkpoint inhibitor treatment [NCT03634540].

Indoleamine 2,3-dioxygenase 1 (IDO1)mediates anergy of effector
T cells and contributes to the immunosuppressive tumour
microenvironment (37). Therefore, the inhibition of IDO1 is
Frontiers in Oncology | www.frontiersin.org 6
hypothesised to prevent tumour-induced inhibition of T cell
activation (37). Epacadostat is an IDO1 inihibitor which
demonstrated anti-tumour activity when used with pembrolizumab
in a phase I/II trial (38). Unfortunately, this treatment did not
demonstrate progression-free or overall survival benefit when used
to treat advanced melanoma in a phase III trial (39).

The Search for New Biomarkers in
Metastatic RCC
The identification of new predictive biomarkers and treatment
targets is important to continue to improve the treatment of
metastatic RCC. It has been demonstrated in many pivotal phase
III clinical trials that PD-L1expression isnot a predictivebiomarker
as patients with negative PD-L1 expression also benefit from
immune checkpoint inhibitor treatment. This is likely due to
variable PD-L1 expression across different metastatic sites (4).
However, PD-L1 expression may be a negative prognostic factor
andwas found tobeassociatedwithhigher risk ofdeath (40). PD-L1
positivity was also common in those with intermediate or poor risk
disease in Checkmate-214 (16).

Neutrophil lymphocyte ratio (NLR) is a measure of
inflammation secondary to tumour growth and is the ratio of
absolute neutrophil count to absolute lymphocyte count, which
has been postulated as a potential biomarker that predicts treatment
response to immune checkpoint inhibitor (41, 42). NLRmay also be
a negative prognostic factor as high NLR is associated with higher
risk of death and treatment failure (41, 42). There are small studies
TABLE 2 | Current clinical trials investigating the use of immune checkpoint inhibitor with targeted agents in metastatic RCC.

NCT number Phase Histology Intervention Control Primary
Endpoint

Treatment
Setting

Status

NCT03937219
(COSMIC 313)

III Clear cell Nivolumab & ipilimumab + cabozantinib Nivolumab & ipilimumab only PFS First line Recruiting

NCT03729245 III Clear cell Bempegaldesleukin & nivolumab Sunitinib or cabozantinib ORR, OS First line Recruiting

NCT03873402 III Clear cell Nivolumab & ipilimumab Nivolumab alone ORR, PFS First line Active, not
recruiting

NCT04394975 III Clear cell Toripalimab & axitinib Sunitinib PFS First line Recruiting

NCT03260894 III Clear cell Pembrolizumab & epacadostat Sunitinib or pazopanib ORR First line Active, not
recruiting

NCT03793166
(PDIGREE)

III Clear cell Ipilimumab & nivolumab followed by
maintenance nivolumab & cabozantinib

Ipilimumab & nivolumab followed by
maintenance nivolumab only

OS First line Recruiting

NCT03289962 I Multiple cancers
including ccRCC

Autogene cevumeran & atezolizumab NA DLT
RP2D
Adverse
events

Subsequent
line

Recruiting

NCT02964013 I Multiple cancers
including ccRCC

Vibostolimab (Anti-TIGIT antibody) &
pembrolizumab

NA DLT
Adverse
events

Subsequent
line

Recruiting

NCT02655822 I ccRCC Ciforadenant (A2AR inhibitor) &
atezolizumab

NA DLT
ORR
Adverse
events

Subsequent
line

Recruiting

NCT02754141 I Multiple cancers
including ccRCC

BMS-986179 (CD73 inhibitor) &
nivolumab

NA Adverse
events

Subsequent
line

Recruiting
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to suggest that reduction of NLR pre-treatment and after treatment
is associated with improved outcomes in those treated with immune
checkpoint inhibitor in advanced RCC (41, 42). However, the value
of NLR as a biomarker requires further investigation.

PBRM1 is a possible biomarker, which is a gene that plays a
role in remodelling of chromatin (43, 44). PBRM1 mutations
occur less frequently in tumours in RCC with high levels of
tumour-infiltrating lymphocytes (TILs), which is associated with
greater response to nivolumab in an analysis of Checkmate-025
(45). Further, T-cell immunoglobulin-3 (TIM-3) may be found
expressed on TILs and contributes to suppression of T-cell
mediated immune responses against tumour proliferation
hence reduced response to immune checkpoint inhibitors (45,
46). Further investigation into the role of PBRM1 and TIM-3 in
predicting treatment response is required. There are currently
multiple early phase trials investigating the role of anti-TIM-3
agents in combination with immune checkpoint inhibitors in
various cancers including RCC [NCT02817633, NCT03708328].

Immune Checkpoint Inhibitor Treatment of
Metastatic nccRCC
nccRCC is a diverse group of RCCs with various histological
subtypes that are vastly different but treated as one group due to
rarity of the individual subtypes (2). Themost common subtypes of
nccRCC include papillary (5 to 10%), chromophobe (5%) and
unclassified (< 5%), rarer subtypes including renal medullary,
MiT family translocation and SDH-deficient nccRCC all
constitute less than 1% of nccRCC (2). There is a lack of evidence
to guide treatment ofmetastatic nccRCC asmost clinical trials only
included patients with ccRCC. Retrospective studies investigating
outcomes in nccRCCs tend to be dominated by patients with
papillary and chromophobe subtypes and few with collecting
duct, medullary and translocation-associated nccRCC are
included as these subtypes are even rarer (2, 46, 47). Overall,
nccRCCs demonstrate less response to targeted therapy with anti-
VEGF and mTOR inhibitors and has poorer prognosis in survival
outcomes when compared to ccRCCs (46, 47). The most recent
EAUandNCCNguidelines recommend enrolment ofpatientswith
nccRCC onto clinical trials if possible. Targeted therapy such as
anti-VEGF TKIs are recommended as first-line treatment of
papillary, chromophobe, translocation and unclassified nccRCC
whereas platinum-based chemotherapy is recommended for
treatment of medullary and collecting duct RCC (29, 30).

nccRCC often have positive PD-L1 expression, which is
associated with more advanced disease and poorer prognosis,
similar to in ccRCC (48, 49). There is some evidence
demonstrating response of nccRCC to immune checkpoint
inhibitors but data is limited and mostly retrospective in nature
(49, 50). The Keynote-427 phase II trial recruited patients with
Frontiers in Oncology | www.frontiersin.org 7
nccRCC into cohort B of the study, of which 71.5%, 12.7% and
15.8% had papillary, chromophobe and unclassified subtypes
respectively (51). This trial demonstrated activity of
pembrolizumab in nccRCC with an objective response rate of
24.8% and 81.5% of responders had a durable response of greater
than 6 months. Those with papillary and unclassified histology
had the highest response rates compared to chromophobe
histology (51). It is hypothesised that chromophobe nccRCC
are less immunogenic with less immune cell infiltration and
therefore have a lower response rate to immune checkpoint
inhibitor treatment in comparison to other nccRCC subtypes
(52). Checkmate-920 is the first prospective phase III trial to
demonstrate the efficacy of nivolumab and ipilimumab in first-
line treatment of advanced nccRCC. This trial recruited patients
with various nccRCC histological subtypes, including papillary
(34.6%), chromophobe (13.5%), unclassified (42.3%) and rarer
subtypes including collecting duct (3.8%), medullary (1.9%) and
translocation (3.8%) (53). Preliminary results showed an overall
objective response rate of 19.6%, progression-free survival of 3.7
months and overall survival of 21.2 months. There were no new
safety signals identified with regard to immune-related toxicities
when compared to the ccRCC group. SUNIFORECAST is a phase
II trial that investigates the efficacy of ipilimumab and nivolumab
compared with sunitinb in the first-line treatment of nccRCC and
is currently recruiting [NCT03075423]. Data from further
prospective studies are required to directly compare the clinical
benefit of immune checkpoint inhibitor in the treatment of
ccRCC and various subtypes of nccRCC.
CONCLUSION

The treatment landscape of metastatic RCC has evolved in the
last decade with the rise of immune checkpoint inhibitors in
addition to the development of novel TKIs. This has resulted in
the improvement of prognosis and survival for patients with
metastatic RCC. However, given the rising incidence of
metastatic RCC and the lack of evidence to guide treatment of
nccRCC, there is a strong need for ongoing research in
identification of new biomarkers and development of novel
targeted agents to overcome persistent challenges posed by
tumour resistance and to guide treatment decisions.
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