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Abstract: Over the last 20 years, different therapies have been considered as the mainstay 
for the treatment of patients with metastatic renal cell carcinoma (mRCC). Since angiogen-
esis is a key mechanism in the pathogenesis of renal carcinoma, research is still focusing on 
the inhibition of new vessel growth through the development of novel and potent tyrosine 
kinase inhibitors (TKIs), such as cabozantinib. On the other hand, a new therapeutic scenario 
has opened up in the forefront with immunotherapy. Immune checkpoint inhibitors (ICIs), 
which already represent a standard treatment option in pretreated mRCC patients, are 
revolutionizing the frontline therapeutic armamentarium of mRCC. Upfront combination 
immunotherapy as well as combinations of immunotherapy with targeted agents showed to 
significantly improved outcomes of mRCC patients compared to single-agent TKIs. ICIs are 
associated with long-lasting responses. Nonetheless, several unmet needs remain, as a small 
proportion of patients shows primary refractoriness to immunotherapy. Multiple treatment 
strategies combining different mechanisms of action or targeting immune escape pathways 
are emerging with the aim to improve response rates and survival outcomes. This review 
summarizes current immunotherapeutic targets and therapies approved for mRCC, while 
examining mechanisms of resistance and future directions, with the aim to address novel 
treatment strategies and help in improving the management of this tumor. 
Keywords: metastatic renal cell carcinoma, immunotherapy, anti-PD-1, anti-CTLA-4, 
targeted therapy, biomarkers

Introduction
Renal cell carcinoma (RCC), due to its heterogeneity, marked angiogenesis, and immu-
nogenicity, has been for years an intriguing test-case for innovative therapies.1 Over the 
last 20 years, different therapies including pure angiogenesis inhibitor monoclonal 
antibodies, such as bevacizumab, multitarget molecules such as vascular endothelial 
growth factor receptor (VEGFR), and other tyrosine kinase inhibitors (TKIs), as well as 
inhibitors of mammalian target of rapamycin (mTOR), have been considered as the 
mainstay for the first or subsequent line treatment of patients with metastatic RCC 
(mRCC).2–7 Since angiogenesis is a key mechanism in the pathogenesis of RCC, 
research is still focusing on the inhibition of new vessel growth through novel and potent 
TKIs, such as cabozantinib. On the other hand, a new therapeutic scenario has opened up 
in the forefront with immunotherapy.8,9 Recently, immune checkpoint inhibitors (ICIs) 
have become a viable option that has been added to the therapeutic armamentarium for 
mRCC.10–16 Immune checkpoint inhibitors, which already represent a standard treatment 
option in pretreated mRCC patients, are also revolutionizing the frontline treatment, since 
combination immunotherapy as well as combinations of immunotherapy with targeted 
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agents have been shown to significantly improve the outcomes 
of treatment-naïve mRCC patients.11–16 In RCC, immunother-
apy influences adaptive immunity, allowing the immune sys-
tem to recognize tumor antigens, maintain memory, and kill 
neoplastic cells.17 Activation of adaptive immunity against 
foreign antigens is consequent to a complex chain of events, 
involving several receptors present on both neoplastic cells 
and immune cells, mediating inhibitory or activator signals.17 

However, the complex biological scenario underlying the role 
of antitumor immunity and its modulation with treatment is 
not yet fully elucidated, and a deepened understanding of 
tumor–host immune interaction is warranted. This review 
summarizes current immunotherapeutic targets and therapies 
approved for mRCC, while examining mechanisms of resis-
tance and future directions with the aim to address novel 
treatment strategies and help in improving the management 
of this tumor.

Immunotherapeutic Target
CD8+ T-cells and CD4+ T-cells represent the two arms of the 
adaptive cellular response.18 CD8+T-cells are the main effec-
tors of the anti-tumor immune response. They can recognize 
antigens expressed by tumor cells and, once activated, kill 

malignant cells by different mechanisms.18 CD4+ T-cells help 
in generating an immune response by stimulating CD8+ T-cells 
and other immune cells, such as macrophages and 
B-lymphocytes. The activation of effector and memory CD8+ 

T-cells occurs by the interaction with antigen-presenting cells 
(APC) via the T-cell receptor (TCR) and major histocompat-
ibility complex (MHC)/peptide antigen.19 The TCR-MHC 
/peptide interaction is a complex event amplified by the inter-
play of multiple costimulatory molecules. Numerous inhibi-
tory transduction pathways, known as immunological 
checkpoints, in fact, are present to maintain the tolerance and 
homeostasis of the immune system. The most studied immune- 
checkpoints playing a key role in the modulation of adaptive 
immunity are the cytotoxic T-lymphocyte-associated antigen 4 
(CTLA-4) pathway and the Programmed death 1 (PD-1) with 
its ligand (PD-L1) (Figure 1).17,20 These molecules are the 
targets of numerous drugs investigated in different clinical 
trials and recently entered in clinical practice.

Anti CTLA-4 Agents
CTLA-4 is a receptor expressed on activated CD4+ and 
CD8+ T-lymphocytes. Its function is to decrease the acti-
vation of T-cells by counteracting the co-stimulatory signal 

Figure 1 Interaction between tumor cell and T-cell. The activation of effector and memory CD8+ T-cells occurs by the interaction with antigen-presenting cells via the T-cell 
receptor (TCR) and major histocompatibility complex (MHC)/peptide antigen. Moreover, the complexity of the interaction TCR-MHC/peptide is amplified by the interplay 
of multiple costimulatory molecules. Numerous inhibitory transduction pathways, known as immunological checkpoints, maintain the tolerance and homeostasis of the 
immune system. The most studied immune-checkpoints playing a key role in the modulation of adaptive immunity are the Programmed Death (PD)1/Programmed Death 
Ligand (PD-L) 1 and the cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) axes.
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of CD28. In particular, CTLA-4 binds to the CD80 (also 
known as B7.1) and CD86 (also known as B7.2) ligands, 
undermining CD28 for greater affinity (Figure 1).21 This 
results in a reduced activation of naїve T-cells and mem-
ory. The success of ipilimumab, a CTLA-4 inhibitor, in 
metastatic melanoma was the proof of concept that the 
inhibition of this checkpoint can lead to the activation of 
the host immune system against tumor antigens, with 
consequent death of tumor cells.22 As discussed later in 
detail, contrary to melanoma, in mRCC ipilimumab did 
not demonstrate a comparable meaningful benefit.

Anti-PD-1 Agents
PD-1 is an inhibitory receptor expressed by activated 
T-cells, B-cells, monocytes, and natural killer (NK) cells. 
Two known ligands activate PD-1: PD-L1 and PD-L2. The 
first, also known as B7-H1 or CD274, is expressed in 
different cells, including APC and tumor cells. The inter-
action of PD-1 with PD-L1 is primarily responsible for the 
immunosuppressive effects of PD-1.23 Specifically, PD-1 
binding PD-L1 inhibits the proliferation, survival, and 
function of CD8+ lymphocytes, promotes the differentia-
tion of CD4+ T-cells into regulatory T lymphocytes 
(Tregs), and can induce apoptosis of infiltrating tumor 
cells (Figure 1). PD-L2 (also known as B7-DC or 
CD273), the second ligand for PD-1, is also responsible 
for the inhibition of T-cell activation.23

Anti-PD1 agents, such as nivolumab and pembrolizu-
mab, and anti-PD-L1 drugs, such as atezolizumab, avelu-
mab, and durvalumab, led to a radical change in the 
therapeutic algorithm of many neoplasms, including 
mRCC, melanoma, non-small cell lung cancer, urothelial 
carcinoma, Merkel cell carcinoma, and Hodgkin 
lymphoma.10–15,24

Tumor Microenvironment: Rationale of 
Combining Antiangiogenetics and 
Immunotherapy
Angiogenesis and immunosuppression play an important 
role in mRCC carcinogenesis. Neoangiogenic processes, 
mostly linked to the von-Hippel Lindau (VHL) gene, are 
key mechanisms implicated in mRCC pathogenesis. 
Moreover, mRCC is also an immunogenic cancer, due to 
its extraordinarily rich and heterogeneous immune infiltrate, 
encompassing T-cells, myeloid cells, macrophages, granulo-
cytes, NK cells among others, that represent the immune 
reaction of the host to contain tumor growth.25 Angiogenesis 

and immune systems interact with each other determining 
changes in tumor microenvironment (TME). The TME is, in 
fact, a complex structure composed of different mediators 
involved in the cell signaling that may deeply influence 
sensitivity to immunotherapy.26 In particular, the inactiva-
tion of VHL tumor suppressor gene, present in about 60% of 
RCC, results in an imbalance in pro- and anti-angiogenic 
factors.27 Among the proangiogenic factors involved, the 
transcription factor hypoxia-inducible factor (HIF)-1α and 
VEGF induce the release of immunosuppressive factors, 
such as transforming growth factor β (TGF-β), PD-L1, and 
VEGF itself.28 All these factors contribute to the alteration 
of blood vessels with abnormal blood flow and tumor cell 
extravasation, inhibition of the maturation and recruitment 
of dendritic cells (DCs), activation of myeloid-derived sup-
pressor cells (MDSCs), and infiltration of tumor-associated 
macrophages (TAMs).29–31 DCs are APC promoting self- 
tolerance through the control of Tregs, immunosuppressive 
cells that reduce the induction and proliferation of effector 
T-cells, NK cells, and other leukocytes.32 MDSCs and 
TAMs are other mediators of the immunosuppressive micro-
environment. Specifically, MDSCs are progenitors of gran-
ulocytes and monocytes. They inhibit the activation of CD4+ 

and CD8+ lymphocytes, stimulate Tregs function, and drive 
monocytes’ differentiation toward activated M2 
macrophages.33–35 TAMs originate from blood monocytes 
and are recruited to TME by cytokines produced by tumor 
cells. TAMs isolated from RCC tumors have been shown to 
stimulate tumor cells proliferation and angiogenesis through 
the production of proinflammatory signals, including tumor 
necrosis factor (TNF)α, interleukin (IL)-1β, IL-6, and 
C-C motif chemokine ligand (CCL) 2.36 TAMs are consid-
ered to be type 2 macrophages (M2) according to widely 
accepted classification of macrophage activation.36 

According to different microenvironmental signals, in fact, 
macrophages polarize into two different phenotypes named 
as classically activated macrophages (M1) and alternatively 
activated macrophages (M2). While M1 showed a pro- 
inflammatory and cytotoxic function, M2 macrophages 
enhance tumor cells proliferation and angiogenesis through 
the release of angiogenic factors, such as cytokines and 
matrix metalloproteinases. Figure 2 depicts interaction 
between TME and the immune system, while Figure 3 
addresses how cell signaling influences immune response 
and resistance to immunotherapy.

The interconnected processes between the immune sys-
tem and angiogenesis have implications on the therapeutic 
strategies to control RCC.36 In addition to their 
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antiangiogenic activity, TKIs can exert immunomodulatory 
activities. The VEGFR signal blockade, in fact, leads to 
a modulation of TME with a recovery of the host 
immunity.37 This effect has been exploited to enhance the 
anti-tumor immune response obtained by ICIs alone.13–16 

Combining ICIs with TKIs significantly improved the out-
comes of mRCC patients compared to TKI monotherapy, 
changing the frontline treatment of these patients.13–16

The Mutational Landscape of RCC
The malignant phenotype of RCC reflects the complexity 
of its genomic architecture.38 Aberration in oncogenes 
and tumor suppressors can influence the immune response 
and consequently make the tumor cells resistant to 
ICIs.38–40 A frequently altered pathway in mRCC is the 
phosphoinositide 3-kinases (PI3K)/Akt/mTOR axis occur-
ring in 16% of patients.38 This pathway plays a pivotal 
role in the cell cycle control, reducing apoptosis and 
promoting cellular proliferation when activated.41 

Whereas several factors, such as epidermal growth factor 
(EGF), insulin-like growth factor (IGF)-1 or insulin, may 
constitutively activate the PI3K/AKT/mTOR signaling, 
PTEN is an inhibitor of the pathway.42 Loss of PTEN 
leads to tumorigenesis and is associated with resistance 
to immunotherapy due to the recruitment of immunosup-
pressive cells to TME through the expression of VEGF.42 

Other frequently observed mutations in RCC involve 
chromatin remodeler genes such as PBRM1, ARID1A/B, 
ARID2, BRD7, or SETD2, BAP1, CDKN2A, and 
TP53.38–40 A genomic study performing whole-exome 
sequencing of 35 mRCC patients found that loss-of- 
function mutations in the PBRM1 gene may alter tumor- 
cell expression profiles and influence the response to 
ICIs.39 CDKN2A loss, BAP1, TP53 mutations, and an 
increase in mitogen-activated protein kinase (MAPK) sig-
naling has shown to result in immune evasion through 
VEGF expression.38,43 Table 1 summarizes the molecular 
landscape of mRCC.

Figure 2 Interaction between tumor microenvironment and immune system. TME with its complexity of immune, vascular, and stromal cells could contribute to resistance 
to immunotherapy. 
Abbreviations: DCs, dendritic cells; IL, interleukin; NK cell, natural-killer cell; MDSCs myeloid-derived suppressor cells; TAMs, tumor-associated macrophages; TGF, 
transforming growth factor; TME, tumor microenvironment; TNF, tumor necrosis factor; T-regs, T regulatory cells; VEGF, vascular endothelial growth factor.
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Moreover, three RNA signatures capturing the complex 
interplay between angiogenesis and immunity have been 
recently described. These mRNA signatures can be distin-
guished based on the presence or absence of the immune 
infiltrate.44,45 The first one identifies the T-cell-enriched signa-
ture by the expression of genes related to adaptive immunity, 
including the immune checkpoints CTLA4, PD-1, PDL-1, 
TIM3, and lymphocyte activation gene 3 protein (LAG3), or 
interferons (IFNs), granzyme, perforin, and Th1 cytokines. 
The second, the non-infiltrated signature, is identified by the 
expression of genes associated with angiogenic processes and 
immunosuppressive pathways. Finally, the third signature is 
characterized by an intermediate and heterogeneous milieu. 
These findings are relevant to further guide treatment choices 
and strategies.44,45

Mechanisms of Resistance and New 
Immunotherapeutic Target
Checkpoint inhibitors have been associated with durable 
long-term responses. However, a proportion of patients are 
primary refractory to treatment or develop a secondary 
resistance after a period of initial response. Mechanisms 

of immune escape in this context are not completely 
elucidated.

In different cancer types, the response rate to ICIs is 
associated with tumor mutational burden (TMB), even if 
the issue is more controversial in mRCC. Loss of neoanti-
gen expression by cancer cells may result in 
resistance.46,47 The constant interaction between immune 
system and tumor cells can lead to immunoediting of the 
tumor with selection of clones lacking expression of 
neoantigens.48 Genetic instability with increased neoanti-
gen load can derive from alteration of genes involved in 
DNA repair, such as BRCA1/2 or ATM, resulting in 
increased immunogenicity and contributing to high TMB 
as demonstrated in urothelial cancer.49 Similarly, deficien-
cies in DNA mismatch repair genes responsible for micro-
satellite instability correlate to high mutational load, with 
enhanced sensitivity to ICIs.50 Also loss of function in 
chromatin remodeler genes sensitizes to immunotherapy, 
increasing accessibility to IFNγ-inducible genes.39 

Moreover, loss of ARID1A was associated with a failure 
in recruiting mismatch repair complexes, resulting in 
increased mutational burden.51

Figure 3 Cell signalling influences immune response and resistance to immunotherapy. Beta-catenin pathway is a canonical oncogenic pathway. Its constitutive activation might be 
involved in resistance to ICIs through T-cell exclusion. Abnormalities in the MAPK pathway promote oncogenesis in multiple tumors through expression of VEGF and multiple other 
inhibitory cytokines, resulting in immune evasion. IFNgamma signaling induces the expression of PD-L1 on tumor cells conferring adaptive resistance to tumor cells. 
Abbreviations: ERK, extracellular signal-regulated kinases; IFN, interferon; MAPK, mitogen activated protein kinase; MHC, major histocompatibility complex; mTOR, 
mammalian target of rapamycin; PD(L)-1, programmed death (ligand)-1; PI3K, Phosphoinositide 3-kinase; TCR, T cell receptor.
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In addition, TME with its complexity of immune, vas-
cular, and stromal cells could contribute to resistance to 
immunotherapy. Infiltrates of Tregs and MDSCs have been 
associated with unfavorable prognosis and poor response 
to ICIs.52,53 In detail, tumor cells secrete cytokines, includ-
ing C-X-C Motif Chemokine Ligand (CXCL)-8/12 and 
CCL-2/3/4/5/17/22, recruiting immunosuppressive cells, 
such as MDSCs and TAMs, particularly M2 
macrophages.33 All these cells promote tumor growth 
enhancing neoangiogenesis through the VEGF pathway, 
immunosuppression, and mesenchymal transition.54

Also elevated TGF-β signaling and VEGF functions 
were associated with poorly immunogenic tumors and 
resistance to ICIs, due to the recruitment of inflammatory 
cells with immunosuppressive functions.29–31,55,56

IFNγ plays a critical role for cancer immunoediting. 
First, IFNγ signaling through the JAK/STAT family of 
receptors upregulates MHC expression, resulting in 
enhanced antigen presentation. Second, the IFNγ pathway 
induces the expression of PD-L1 on tumor cells, confer-
ring adaptative resistance to tumor cells and improving 
response to immunotherapy.57 The loss of JAK/STAT sig-
naling has been associated to resistance to PD-1 and 
CTLA-4 inhibitors.58

The expression of PD-L1 on cancer cells is com-
monly used as a biomarker in different cancer types.58 

Lack of PD-L1 expression correlates with worse out-
comes with ICI treatment.59,60 The role of PD-L1 as 
a biomarker is controversial in mRCC. Indeed, if the 

negative prognostic role has been widely proven, its 
potential predictive value is less clear. In the 
CheckMate 025, a Phase III trial proving the superiority 
of nivolumab over everolimus in pre-treated mRCC 
patients, PD-L1 expression was associated with poor 
outcomes but not with response.10 In a different setting 
of patients, the CheckMate 214 phase III trial, comparing 
the combination of nivolumab plus ipilimumab 
vs sunitinib in untreated International Metastatic RCC 
Database Consortium (IMDC) intermediate-poor risk 
patients, showed a magnitude of benefit in terms of 
progression-free survival (PFS), but not in terms of over-
all survival (OS) and objective response rate (ORR), for 
PD-L1 positive tumors.11,12 In the JAVELIN Renal 101 
trial, comparing the combination of upfront avelumab 
plus axitinib vs sunitinib, no difference in PFS or ORR 
was observed among the PD-L1 positive or negative 
subgroups.13 In the phase III Immotion 151 trial, com-
paring atezolizumab plus bevacizumab over sunitinib as 
first line treatment for mRCC, a trend for increased 
efficacy was observed in patients with higher PD-L1 
expression.14,61 To date, due to the different assays and 
thresholds used in clinical trials, as well as different cell 
analyzed (tumor or immune cells) and the intratumoral 
heterogeneity of expression, PD-L1 cannot be used as 
a predictive biomarker to select mRCC patients for ICIs, 
and further investigation is warranted.

Another mechanism of resistance to immunotherapy is 
related to the indoleamine 2,3-dioxygenase (IDO1) 

Table 1 Summary of the Molecular Landscape in mRCC

Gene Function

PTEN42 The encoded protein catalyses the dephosphorylation of the phosphatidylinositol (3,4,5)-trisphosphate, resulting in 
inhibition of the Akt signaling pathway.

PBRM1 ARID1A/B, ARID2, 
BRD738–40

The encoded proteins are components of SWI/SNF chromatin remodeling complex, which is required for 
transcriptional activation of genes normally repressed by chromatin.

SETD238–40 The encoded protein is a histone methyltransferase specific for lysine-36 of histone H3. The resulting methylation 
is required for homologous recombinational repair and genome stability.

BAP138–40 The encoded protein is a deubiquitinating enzyme that interacting with ASXL1/2 form the core Polycomb PR-DUB 

complex involved in chromatin modification and transcriptional regulation.

CDKN2A38–43 This gene encodes two proteins, p16 and p14ARF. Both function as tumor suppressors. The p16(INK4A) protein 

binds to CDK4 and CDK6 preventing their activity and the subsequent phosphorylation of RB protein. The p14 

(ARF) protein protects p53 from being broken down.

P5338–43 The encoded protein is an important tumor suppressor that is essential for DNA repair, cell cycle arrest, and 

initiates apoptosis.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                         

ImmunoTargets and Therapy 2020:9 278

Sepe et al                                                                                                                                                             Dovepress

http://www.dovepress.com
http://www.dovepress.com


activity, leading to an immunosuppressive microenviron-
ment. In fact, IDO1, which is overexpressed in response to 
IFNγ in different cancer types, is an enzyme that catalyzes 
the first step in tryptophan catabolism and causes suppres-
sion of effector T-cells and resistance to ICIs.62

Lastly, upon failure of checkpoint inhibitors, 
a compensative overexpression of alternative receptors 
was described.63,64 Increased coexpression of inhibitory 
immune checkpoint receptors is associated with T-cell 
exhaustion and resistance to ICIs. Several coinhibitory 
receptors have been discovered so far, including LAG-3, 
B and T lymphocyte attenuator (BTLA), killer-cell immu-
noglobulin-like receptor (KIR), T-cell immunoreceptor 
with Ig and ITIM domains (TIGIT), V-type immunoglo-
bulin domain-containing suppressor of T-cell activation 
(VISTA), T-cell immunoglobulin, and mucin domain- 
containing 3 (TIM-3 or HAVCR2).65,66 All these coinhi-
bitory receptors represent potential therapeutic targets to 
enhance immune response.65,66

Therapy
Cytokines
IFNγ, IFNα, and high-dose IL-2 represent the first genera-
tion immunotherapy. However, their use has been limited 
by significant systemic toxicities.4,67–72

Immune Checkpoint Inhibitors
Nivolumab has been the first new-generation immunothera-
peutic drug to enter the therapeutic scenario of pretreated 
mRCC. After the results of the phase III CheckMate-025 
trial, demonstrating a benefit in OS, ORR, and PFS of nivo-
lumab compared to everolimus after failure of anti- 
angiogenic therapy. The median OS for nivolumab 
vs everolimus was 25.8 months vs 19.7 months (Hazard 
Ratio [HR]=0.73; 95% Confidence Interval [CI]=0.62–0.85; 
P<0.0001), with an ORR of 23% vs 4% (P<0.001), and 
a PFS of 4.2 vs 4.5 months (HR=0.84, 95% CI=0.72–0.99; 
P=0.0331), respectively, with a manageable toxicity 
(Table 2).10

Ipilimumab was also explored in mRCC. In detail, in 
a Phase II trial, 61 patients were treated initially with 
ipilimumab 3 mg/kg every 3 weeks and with ipilimumab 
1 mg/kg or 3 mg/kg thereafter, obtaining 12.5% and 5% of 
ORR, respectively. No complete responses or long-lasting 
disease regressions were observed.73 Thirty-three percent 
of patients experienced a grade (G) 3 or 4 immune- 
mediated toxicity, but a strong association between 

toxicity and response has been documented.73 The results 
of trials conducted later, in which ipilimumab was com-
bined with another checkpoint inhibitor, were 
encouraging.11,12

More recently, the combination of nivolumab plus ipi-
limumab has been approved by the Food and Drug 
Administration (FDA) and European Medicines Agency 
(EMA) in treatment naïve mRCC patients at intermediate– 
poor risk based on the results of the CheckMate 214 
trial.11,12 In this phase III trial, 847 treatment naïve 
patients were randomly assigned to receive nivolumab 
3 mg/kg plus ipilimumab 1 mg/kg every 3 weeks, followed 
by nivolumab at the same dose every 2 weeks vs sunitinib 
50 mg daily (schedule 4 weeks on and 2 weeks off). OS, 
PFS, and ORR outcomes resulted in a significantly 
improved combination of nivolumab plus ipilimumab 
compared with sunitinib among intermediate- and poor- 
risk patients. Long-term results at the median follow-up of 
42 months confirmed the significant superiority of the ICI 
combination over sunitinib in terms of OS (47.0 vs 26.6 
months, HR=0.66; 95% CI=0.55–0.80; P<0.0001), PFS 
(12.0 vs 8.3 months, HR=0.76; 95% CI=0.63–0.91; 
P<0.01) and ORR (42% vs 26%, respectively; 
P=0.0001), with a complete response rate of 9% vs 1%, 
respectively (Table 2). Looking at duration of response, it 
is widely proven that ICIs are associated with meaningful 
long-lasting responses. CheckMate 214 confirmed the 
long-term benefit for a notable proportion of patients trea-
ted with the immunotherapeutic combination. Indeed, 
there is an apparent flattening of the curve for nivolumab 
plus ipilimumab at 24-months, meaning that responses 
tend to be durable on the long-term compared to sunitinib, 
where response continues to decline.11,12

All the above studies excluded rare histologies such as 
collecting duct carcinoma or papillary tumors. These rare and 
aggressive tumors are poorly represented in phase III trials, 
and the therapeutic choices remain a challenge for clinicians. 
More knowledge about these histologies is certainly needed.

Antiangiogenic and Immune Checkpoint 
Inhibitors Combinations
Combining immunotherapy with antiangiogenic treatment 
improves outcomes in mRCC, due to a synergistic effect. 
As previously discussed, the underlying rationale is based 
on the complex interconnection between TME and 
immune system. VEGF inhibition could synergistically 
enhance the responses obtained by ICIs.
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Early Phase Trials
The results of multiple early phase trials were encouraging 
and led to phase III studies evaluating combinations of 
TKIs and immunotherapeutic agents in a first line setting, 
which have led to the approval of pembrolizumab plus 
axitinib or avelumab plus axitinib combinations.13,15 

Other studies are still ongoing, such as those evaluating 
the combination of nivolumab plus cabozantinib (Table 3).

Several early phase studies have been limited by the high 
percentage of toxicity. In detail, nivolumab was evaluated in 
combination with sunitinib or pazopanib in the CheckMate 016, 

a Phase I trial dose-escalation and expansion study. However, 
despite the documented efficacy, the significant toxicities lim-
ited the use of these combinations, that were not considered for 
further evaluation.74 Pembrolizumab was also evaluated in 
several trials. A phase Ib/II clinical trial documented an ORR 
of 60.9% in 61 mRCC patients treated with pembrolizumab in 
combination with bevacizumab.75 The combination of pembro-
lizumab plus pazopanib was studied in a phase I trial (Keynote- 
018) but, due to significant toxicity, it was not suitable for 
evaluation in a larger cohort.76 A phase Ib/II study investigated 
nivolumab in combination with tivozanib, a TKI with minimal 

Table 2 Pivotal Trials of Immune Checkpoint Inhibitors in Metastatic Renal Cell Carcinoma

Trial Treatment Arm vs 
Comparison Arm

Setting Endpoint mOS (Months)a 

HR (95% CI) p
mPFS 
(Months)a 

HR (95% CI) 
p

ORRa p Grade 
3 and 4 
TRAEsa

Checkmate 
02510

Nivolumab 3 mg/kg i.v. 
q2w vs Everolimus 10 mg 

orally OD

mRCC 
previously 

treated with 

one or two 
antiangiogenic 

therapies

Primary: OS 
Secondary: 

ORR; Safety

25.8 vs 19.7, HR 
0.73 (0.62–0.85) 

P<0.0001

4.2 vs 4.5 
HR=0.84 

(0.72–0.99) 

P=0. 0331

23% vs 4% 
p<0.001

21% vs 
37%

Checkmate 

21411,12

Nivolumabb 3 mg/kg i.v. + 

Ipilimumabb 1 mg/kg i.v. 

vs Sunitinib 50 mg orally 
OD 4w on/2w off

First line, 

intermediate- 

or poor-risk 
mRCC

Primary: OS; 

PFS; ORR in 

intermediate 
or poor-risk 

patients 

Secondary: 
OS; PFS; 

ORR in ITT; 
safety

Intermediate or 

poor-risk patients: 

47 vs 26.6, 
HR=0.66; 

(0.55–0.80) 

P<0.0001 ITT: 
HR=0.72 

(0.61–0.86) 
P=0.0002

Intermediate 

or poor-risk 

patients: 12 vs 
8.3 HR=0.76 

(0.63–0.91) 

p<0.01 ITT: 
HR 0.89 

(0.76–1.05)

Intermediate 

or poor-risk 

patients: 42% 
vs 26% 

P=0.0001 

ITT: 39% vs 
33% P=0.02

47% vs 

64%

Javelin 
Renal 10113

Avelumab 10 mg/kg i.v. 
q2w + Axitinib 5 mg 

orally BID vs 

Sunitinib 50 mg Orally 
OD 4w on/2w off

First line 
mRCC

Primary: PFS 
and OS 

among PD- 

L1+ patients 
Secondary: 

OS and PFS 

in the overall 
population

PD-L1 + NR vs 
NR, HR=0.828 

(0.596–1.151) 

one-sided 
P=0.1301 Overall 

population NR vs 

NR, HR=0.796 
(0.616–1.027); 

one-sided 

P=0.0392

PD-L1 + 13.8 
vs 7, HR=0.62 

(0.490–0.777) 

P<0.0001 
Overall 

population 

13.3 vs 8, HR= 
0.69 

(0.574–0.825) 

P<0.0001

55.9% vs 
27.2%

71.2% vs 
71.5%

Keynote 

42615,16

Pembrolizumab 200 mg 

i.v. q3w + Axitinib 5 mg 
orally BID vs 

Sunitinib 50 mg Orally 

OD 4w on/2w off

First line 

mRCC

Primary: OS; 

PFS 
Secondary: 

ORR; DOR; 

safety

NR vs 35.7 

HR=0.68 
(0.55–0.85) 

P<0.001

15.4 vs 11.1, 

HR=0.71 
(0.60–0.84) 

P<0.001

60% vs 40% 

P<0.0001

66% vs 

62.4%

Notes: aExperimental arm vs standard of care arm. bNivolumab (3 mg/kg) plus ipilimumab (1 mg/kg) intravenously every 3 weeks for four doses, followed by nivolumab (3 mg/kg) every 2 weeks. 
Abbreviations: BID, bis in die; CI, confidence interval; DOR, duration of response, HR, hazard ratio; kg, kilograms; ITT, intention-to-treat population; i.v., intravenous; mg, 
milligrams; mRCC, metastatic renal cell carcinoma; (m)OS, (median) overall survival; (m)PFS, (median) progression-free survival; NR, not reached; OD, once daily; ORR, 
objective response rate; PD-L1, programmed death 1; TRAEs, treatment-related adverse events; vs, versus; w, week.
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off-target action and presumably lower toxicity profile. Among 
27 patients, 44% of whom were previously untreated, ORR was 
56%, with one patient achieving complete response. Median 
PFS was 18.5 months for untreated patients and was not 
reached for previously treated patients. At the time of analysis, 
data were immature for OS analysis. Fifty-two percent of 
patients experienced G 3/4 adverse events, the most common 
being hypertension.77

Phase III Trials
IMmotion 151, built on the results of the phase II trial 
(IMmotion 150), is a phase III trial randomizing untreated 
mRCC patients to receive the combination of atezolizu-
mab 1,200 mg every 3 weeks plus bevacizumab 15 mg/kg 
every 3 weeks vs sunitinib 50 mg daily 4 weeks on 
followed by 2 weeks off. After a median follow-up of 24 
months, the median PFS was 11.2 months in the 

Table 3 Ongoing Clinical Trials Evaluating Small Molecules and Immune Checkpoint Inhibitors Combinations in Metastatic Renal Cell 
Carcinoma

Trial 
ClinicalTrials. 
Gov

Phase and 
Design

Treatment Arm Comparison 
Arm

Setting Primary 
Endpoint

CLEAR 
NCT02811861

III, 
randomized, 

open label

Lenvatinib + Everolimus 
or Pembrolizumab

Sunitinib First line mRCC PFS by independent 
review

CheckMate 

9ER 

NCT03141177

III, 

randomized, 

open label

Nivolumab + 

Cabozantinib

Sunitinib First line mRCC PFS per blinded 

independent 

central review

COSMIC-313 
NCT03937219

III, 
randomized, 

open label

Cabozantinib + 
Nivolumab + Ipilimumab

Nivolumab + 
Ipilimumab

First line, intermediate- or poor-risk 
mRCC

PFS per blinded 
independent 

central review

PEDIGREE 

study 

NCT03793166

III, 

randomized, 

open label

Cabozantinib + 

Nivolumab

Nivolumab + 

Ipilimumab

First line mRCC OS

NCT03149822 I/II, open 

label, single 
arm

Pembrolizumab + 

Cabozantinib

First or second line mRCC ORR (CR + PR)

NCT03200587 Ib, open 
label

Avelumab + 
Cabozantinib

First line mRCC DLTs, AEs, RP2D

NCT03015740 I/II, open 
label

Sitravatinib + Nivolumab mRCC pretreated with 1 or 2 prior anti- 
angiogenic therapy regimens for advanced 

disease

AEs, ORR

NCT02501096 Ib/II, open 

label

Lenvatinib + 

Pembrolizumab

Pretreated mRCC MTD, ORR, DLT

NCT03207867 II, open label PDR001 + NIR 178 Pretreated mRCC ORR

NCT04385654 II, single arm Toripalimab + Axitinib Upfront advanced/metastatic RCC MPR, pCR

NCT03729245 III, 

randomized, 
open-label

NKTR-214 + Nivolumab Sunitinib or 

cabozantinib

First-line mRCC ORR, OS

CONTACT-03 
NCT04338269

III, 
randomized, 

open label

Atezolizumab + 
cabozantinib

Cabozantinib Pretreated mRCC PFS and OS in ITT

Abbreviations: AEs, adverse events; CR, complete response; DLT, dose limiting toxicity; mRCC, metastatic renal cell carcinoma; MPR, major pathologic response; MTD, 
maximum tolerated dose; ORR, objective response rate; OS, overall survival; pCR, pathologic complete response; PFS, progression-free survival; PR partial response; RP2D, 
recommended phase 2 dose.
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atezolizumab plus bevacizumab group, compared to 7.7 
months for the sunitinib arm (HR=0.74; 95% 
CI=0.57–0.96; P=0.0217). There was no significant differ-
ence in terms of OS in the intention to treat analysis 
(HR=0.93; 95% CI=0.76–1.14).14 Due to the lack of ben-
efit in OS, the combination of atezolizumab and bevacizu-
mab was not approved by the regulatory agencies (FDA 
and EMA). However, the phase II IMmotion 150 trial 
suggests precious information on the biology of the 
tumor that could potentially help clinicians in future treat-
ment choice. Exploration of the gene expression signature 
and correlation with treatment response distinguished two 
molecular subgroups based on effector T-cells, IFN-γ, and 
angiogenesis gene expression. A highly angiogenic signa-
ture was associated with improved ORR and PFS in the 
sunitinib arm. On the other hand, high expression of the 
T-effector gene signature was associated to improved ORR 
and PFS with atezolizumab plus bevacizumab compared to 
sunitinib.78 Exploration of biological features could be 
used to select patients for immunotherapy combinations 
over TKI and vice-versa.

Recently, the FDA and the EMA approved, in addition 
to nivolumab plus ipilimumab, two other combinations 
regardless of the risk category group: avelumab plus axi-
tinib in 2019, and pembrolizumab plus axitinib in 2019.

The KEYNOTE-426 trial, a large phase III trial includ-
ing 861 patients, showed a superiority of the combination 
of pembrolizumab plus axitinib over sunitinib in untreated 
mRCC patients. Initial data showed an improvement in OS 
(90% vs 78%, HR=0.53; 95% CI=0.38–0.74; P<0.0001) 
and ORR (59% vs 36%, P<0.001) with pembrolizumab 
200 mg every 3 weeks for up to 35 cycles plus axitinib 
5 mg orally twice daily compared to sunitinib 50 mg for 4 
weeks in 6 week cycles. The benefit of the combination 
was observed across all the IMDC risk groups and regard-
less of PD-L1 expression.15 The updated data presented at 
the annual ASCO congress in 2020 confirmed 
a maintained benefit for the combination after 
a minimum follow-up of 23 months with 74% of patients 
alive in the combination arm at 24 months compared with 
66% of patients in the sunitinib arm. Median OS in the 
intention-to-treat population was not yet reached for the 
patients assigned to receive the combination vs 35.7 
months for the patients assigned to sunitinib (HR=0.68; 
95% CI=0.55–0.85 P<0.001). A benefit in PFS was also 
documented for the combination of pembrolizumab plus 
axitinib, resulting in a median PFS of 15.4 months in the 
combination arm vs 11.1 months in the sunitinib arm 

(HR=0.71; 95% CI=0.60–0.84, P<0.001). In addition, the 
ORR was 60.2% with the combination and 40% in the 
sunitinib arm, with a complete response rate of 9% vs 3% 
(Table 2). Grouping patients by IMDC risk, significant 
differences in OS and PFS (HR of 0.63 for OS and 0.69 
for PFS) were observed for patients with intermediate or 
poor risk disease, while no significant differences in OS or 
PFS were observed for patients with favorable-risk dis-
ease. However, the favorable-risk group had a better ORR 
with pembrolizumab plus axitinib vs sunitinib than did the 
intermediate/poor group (69.6 vs 50.4% and 55.8 vs 
35.2%, respectively). Compared to CheckMate 214, the 
follow-up with pembrolizumab plus axitinib is not yet 
long enough to assess whether the curve will plateau. 
However, even in the absence of data about the long- 
term benefit, the OS curves separate since the beginning 
compared to the control arm along the treatment, meaning 
that the combination starts to work early. Discussing the 
safety data, G 3 or higher adverse events of any cause 
occurred in 66% and 62.4% of patients in the pembrolizu-
mab-axitinib group and in the sunitinib group, respectively 
(Table 2).15,16

The JAVELIN Renal 101 trial evaluated the combina-
tion of a PD-L1 inhibitor, avelumab, and a multikinase 
inhibitor, axitinib, over sunitinib in untreated patients with 
mRCC. Primary endpoints were PFS and OS among 
patients with PD-L1–positive tumors (≥1% of immune 
cells staining positive within the tumor area of the tested 
tissue sample). PD-L1 expression was assessed at a central 
laboratory with the use of the Ventana PD-L1 (SP263) 
assay (Ventana Medical Systems). The combination was 
shown to be superior in terms of PFS, irrespective of 
IMDC risk group and PD-L1 expression. In detail, median 
PFS in the PD-L1 positive population was 13.8 vs 7.0 
months in avelumab plus axitinib and sunitinib arms, 
respectively (HR=0.62, 95% CI=0.490–0.777; one-sided 
P<0.0001). PFS in the overall population was 13.3 vs 8.0 
months in the avelumab plus axitinib and sunitinib arms, 
respectively (HR=0.69, 95% CI= 0.574–0.825; one-sided 
P<0.0001). Among the patients with PD-L1–positive 
tumors, the ORR was 55.9% with avelumab plus axitinib 
compared to 27.2% with sunitinib. The OS data are not yet 
mature. Adverse events during treatment occurred in 
99.5% of patients in the avelumab-plus-axitinib group 
and in 99.3% of patients in the sunitinib group; these 
events were G3 or higher in 71.2% and 71.5% of the 
patients in the respective groups.13
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Table 2 reports the design and results of this and other 
pivotal trials of ICIs in mRCC.

A study presented at the 2020 annual ASCO congress 
provided data on the use of the combination of lenvatinib 
20 mg daily plus pembrolizumab 200 mg every 3 weeks 
for patients who had progressed on front-line immunother-
apy, a setting where data are very limited. Among the 
evaluable cases, almost all had tumor shrinkage. The 
PFS was 11.7 months, with 45% of patients being progres-
sion-free at 12 months. The OS was 77% at 12 months.79

Very recently, results of the clinical phase III trial 
CheckMate-9ER were presented at the ESMO 2020 con-
gress. This study met its primary endpoint showing 
a consistent benefit in terms of PFS for the combination 
of cabozantinib plus nivolumab over sunitinib in pre-
viously untreated mRCC patients (16.6 vs 8.3 months. 
HR=0.51; 95% CI=0.41–0.64, P=0.0001). This benefit 
was demonstrated in numerous subgroups including age, 
sex, PD-L1 expression, bone metastases, and IMDC risk 
group. Longer-term data for OS are certainly needed 
because they are still immature. These positive results 
support the increasing number of data showing that TKIs 
may create a more immune-permissive tumor microenvir-
onment that could enhance the response to checkpoint 
inhibitors.80

Similarly to phase III trials investigating immunother-
apeutic combinations, all the studies mentioned above 
combining checkpoint inhibitors with a TKI included 
clear cells carcinoma and excluded rare histologies such 
as collecting duct carcinoma or papillary tumors.

Management of Immune-Related Adverse 
Events
By unbalancing the immune system, ICI administration 
may unleash the autoreactive engagement of T-cells, lead-
ing to the development of immune-related adverse events 
(irAEs). Because of their peculiar pathogenesis and broad 
spectrum of manifestations – the most frequent involving 
skin, liver, lungs, gastrointestinal and endocrine system – 
irAEs require prompt and specific management.81

The rate and severity of irAEs vary across ICI classes: 
anti-CTLA-4 agents display higher rates of irAEs (̴ 90%) 
compared to anti-PD-1/PD-L1 (̴ 70%), and anti-PD-1 plus 
anti CTLA-4 combinations yield the highest safety con-
cerns. Development of irAEs is unpredictable. A dose- 
dependency for an increased risk of irAEs has been 
described for anti-CTLA-4 agents, while there is no direct 

relationship with cumulative dose toxicity for anti-PD-1/ 
anti-PD-L1 antibodies. Most irAEs occur within 3 to 6 
months from ICI start. However, with the broad employ-
ment of immunotherapy in the real-world setting, the 
possible outbreak of late (>1 year after treatment initia-
tion) or rare toxicities (including neurological, cardiologi-
cal, renal, and hematological disorders) should be closely 
monitored, as these events can be irreversible or life- 
threatening and pose several diagnostic and therapeutic 
challenges.81

The mainstay for the treatment of irAEs is represented 
by steroids, which counteract lymphocyte activation and 
irAEs manifestations. According to international guide-
lines, low-grade G1 irAEs do not generally require to 
withhold ICIs, with the exception of rare neurological 
and cardiac toxicities of suspect autoimmune etiology. In 
the case of G1 irAEs, symptomatic management is recom-
mended. For G≥2 irAEs, ICI interruption and administra-
tion of moderate-to-high doses of corticosteroids 
(0.5–1 mg/kg of prednisone or equivalent for G2 toxicities, 
1–2 mg/kg for G3-4 toxicities) is warranted. Steroids 
should be tapered in 4–6 weeks. In the case of severe 
and potentially life-threatening irAEs, the introduction of 
immunosuppressants such as infliximab should be consid-
ered if symptoms or laboratory signs do not improve in the 
first 48–72 hours from steroid administration.82

ICI resumption may be offered after reversion of the 
irAEs to G1 or less, even though caution is advised for 
some patients who experienced G3 or early-onset dis-
abling irAEs. The occurrence of G4 irAEs usually war-
rants permanent ICI discontinuation, with an exception for 
G4 endocrinopathies that can be adequately managed with 
hormone replacement.82

In the evolving therapeutic scenario of mRCC, the 
introduction of several combinations of ICIs or ICIs plus 
TKIs in the frontline setting has produced outstanding 
survival improvements, and the possibility of achieving 
long-lasting disease control. In this context, optimal man-
agement of drug-related toxicities is of utmost importance 
to allow long-term treatment continuation with a positive 
impact on tolerability and quality-of-life.

Of note, prospective data from the Italian Early Access 
Program for nivolumab in mRCC showed improved OS 
outcomes in patients reporting irAEs, thus suggesting that 
the occurrence of irAEs can be regarded as an hallmark of 
treatment activity.61,83 This observation further highlights 
the need for timely and effective management of irAEs in 
clinical practice, as a prolonged use of high-dose 
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corticosteroids to treat misdiagnosed or lately recognized 
irAEs may hinder antineoplastic efficacy and yield poten-
tial detrimental effects.81

Moreover, additional challenges are posed in the man-
agement of irAEs in patients receiving the combination of 
ICIs plus TKIs, since most toxicities (eg, endocrine, gas-
trointestinal, skin, or liver toxicities) may be of difficult 
attribution or even cumulative. The management of this 
broad spectrum of toxicities warrants multidisciplinary 
collaboration between organ specialists, in order to 
improve treatment adherence and ultimately clinical 
outcomes.

Future Directions
Despite checkpoint inhibitors being associated with dur-
able long-term responses, a proportion of patients are 
refractory to these treatments. Multiple treatment strate-
gies combining different mechanisms of action or targeting 
immune escape pathways are emerging to improve 
response to immunotherapeutic agents.

Different small molecules with immunomodulatory 
effects are under evaluation. In detail, cabozantinib is an 
oral TKI with activity against multiple targets, such as 
VEGF, MET, and AXL among others. For its potent and 
multitarget activity on crucial kinases involved in immune 
escape, cabozantinib was chosen as a perfect candidate for 
combination therapies. A phase I trial with expansion 
cohorts of cabozantinib plus nivolumab and cabozantinib 
plus nivolumab plus ipilimumab in patients with different 
metastatic treatment-refractory genitourinary (GU) malig-
nancies were presented by Nadal et al.84 Initial safety 
findings and promising antitumor activity were confirmed. 
Among the 14 patients with mRCC, the ORR was 54% 
and 12-month PFS and 12-month OS were 73% and 50%, 
respectively. Based on these positive results, several other 
studies investigating cabozantinib in combination with 
ICIs in mRCC are ongoing and are summarized in Table 
3. Another ongoing trial investigating VEGF/PD-1 block-
ade combination is the CLEAR study (NCT02811861) 
evaluating lenvatinib plus everolimus or pembrolizumab 
vs sunitinib in a first line setting (Table 3).

Another promising therapeutic option is represented 
by agents targeting molecules implicated in cancer cells 
metabolism. To satisfy their demands of growth and pro-
liferation, cancer cells must rewire cellular metabolism 
with enhancement of aerobic glycolysis, fatty acid synth-
esis, and glutaminolysis.85,86 In a randomized phase II 
trial enrolling mRCC patients after no more than two 

prior therapies, cabozantinib is under evaluation also in 
combination with CB-839 (telaglenastat), a glutaminase 
inhibitor (NCT03428217). CB-839 (telaglenastat) is under 
evaluation also in combination with everolimus 
vs placebo in pretreated mRCC patients 
(NCT03163667). Since glutaminase has emerged as 
a crucial enzyme in different types of cancer cells, gluta-
minase inhibitors (BPTES, CB-839and968) were tested 
showing an anti-proliferative activity in a wide range of 
cancers, including RCC.85,86

Contrarily to melanoma, where targeting the MAPK 
pathway with BRAF and MEK inhibitors has revolutio-
nized the therapeutic scenario, this combination has not 
shown encouraging results in mRCC, due to the high 
percentage of toxicity.87 Early trials combining BRAF/ 
MEK inhibitors with ipilimumab were prematurely 
stopped. However, subsequent preclinical studies combin-
ing these inhibitors with anti PD-1 or PD-L1 agents 
showed enhanced anti-tumor activity, giving these combi-
nations another chance to treat mRCC.88

Another emerging treatment strategy is represented by 
combining immunotherapy with epigenetic modulators, 
such as inhibitors of histone deacetylases (HDACi) or 
DNA methyltransferases (DNMTi). For their demonstrated 
immunomodulatory effect, epi-drugs are under evaluation 
in multiple clinical trials in combination with 
immunotherapy.89

Inhibition of IDO was also used to enhance immune 
response. Different clinical trials evaluating 
combinations of ICIs and anti-IDO are ongoing.90

Other potential therapeutic targets to enhance antitu-
mor immune response are represented by coinhibitory 
receptors such as LAG-3, KIR, BTLA, TIGIT, TIM-3, or 
costimulatory receptors including the tumor necrosis factor 
receptor superfamily member 4 (TNFRSF4 or OX40 or 
CD134), inducible T-cell co-stimulator (ICOS), tumor 
necrosis factor receptor superfamily member 18 
(TNFRSF18 or GITR), CD137 (or 4–1BB), CD27, and 
CD40L.65,66 Initial evidence has been collected and appear 
to be promising; however, further research is needed to 
translate these data into clinical practice.65,66

Another upcoming frontier in the landscape of immu-
notherapeutic strategies for mRCC is represented by the 
modulation of cytokine signaling. The activity of 
Bempegaldesleukin (NKTR-214), a CD122-preferential 
IL2 pathway agonist, has been evaluated in association 
with nivolumab in the recent PIVOT−02 phase I clinical 
trial, including 22 patients with immunotherapy-naïve 
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mRCC. In the overall study population, ORR was 59.5%, 
with a 18.9% rate of achieved complete responses. In the 
cohort of mRCC patients receiving first-line NKTR-214 
plus nivolumab, ORR was 71.4%, with a median PFS of 
14.2 months (1.8–not reached), whereas in the subgroup of 
ICI-naïve mRCC patients receiving study treatment as 
a second-line, ORR was 28.6%, with a median PFS of 
14.3 months (0.7–not reached). The combination of 
NKTR-214 plus nivolumab proved safe, the most common 
treatment-related adverse events being flu-like symptoms 
(86.8%), rash (78.9%), fatigue (73.7%), and pruritus 
(52.6%). Overall, 21.1% of patients experienced G3/4 
toxicities.91

Promising activity was observed with the HIF-2α inhi-
bitor in treatment-naïve patients with VHL-associated 
tumor, with a favorable safety profile.92 Data of 
a randomized trial evaluating HIF-2α inhibitor 
vs everolimus are awaited to assess the efficacy of this 
emerging molecule in the ICIs pretreated setting.

A further potential treatment strategy is represented by 
chimeric antigen receptor (CAR) T-cell therapy, that tar-
gets cancer antigens through tumor-specific and engi-
neered TCRs.93 Numerous expectations have been 
created on CAR T-cell-therapy, but it is still difficult to 
determine how, and when, this therapeutic strategy can be 
applied to all patients.

Conclusion
The therapeutic landscape of mRCC is rapidly changing, 
but several unmet needs remain. ICIs are associated with 
long-lasting responses. However, a small proportion of 
patients remain refractory to immunotherapy. Multiple 
treatment strategies combining different mechanisms of 
action or targeting immune escape pathways are emerging 
to improve responses. Certainly, the identification of bio-
markers of response or resistance to immunotherapeutic 
agents is essential to improve outcomes. Going forward, 
whole genome sequencing and epigenetic analysis will 
probably help to understand the biology of tumor and to 
distinguish genomic signatures that can predict response to 
different treatment strategies.
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