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MINI-REVIEW

First-line ICIs in renal cell carcinoma
Vincenzo Fiorentino a#, Pietro Tralongob#, Luigi Maria Laroccac, Cristina Pizzimentid, Maurizio Martinia*, 
and Francesco Piercontib*
aDepartment of Human Pathology in Adult and Developmental Age “Gaetano Barresi”, Pathology Section, University of Messina, Messina, Italy; 
bPathology Unit, Department of Woman and Child’s Health and Public Health Sciences, Fondazione Policlinico Universitario Agostino Gemelli IRCCS, 
Rome, Italy; cUnicamillus, International Medical University in Rome, Roma, Italy; dTranslational Molecular Medicine and Surgery, Department of 
Biomedical and Dental Sciences and Morphofunctional Imaging, University of Messina, Messina, Italy

ABSTRACT
Treatment of metastatic renal cell carcinoma (mRCC) has radically changed, switching from interferon alfa 
(IFN-α) and high-dose interleukin−2 (HD IL−2) to new targeted therapies directed against tumoral 
neoangiogenesis, the mammalian target of the rapamycin (mTOR) pathway and immune checkpoints. 
Of note, the inhibition of immune checkpoints restores antitumor immune response, therefore promot-
ing immune-mediated elimination of neoplastic cells. The best example of this targeted treatment is 
represented by PD-1/PD-L1 inhibition that has become the standard of care in mRCC treatment and has 
improved mRCC patients’ prognoses after failure of other targeted therapies. In this manuscript, we 
review the main therapeutic protocols adopted for mRCC, based on the use of immune checkpoint 
inhibitors (ICIs) alone or combined with other drugs.
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Introduction

Renal cell carcinoma (RCC) is the seventh most common 
cancer worldwide, with 330,000 new diagnoses and more 
than 140,000 deaths every year.1 It originates from tubular 
epithelial cells2 and is typically radio and chemoresistant. 
Surgical resection is the most effective treatment for early- 
stage renal cancer, but nearly one-third of patients have 
distant metastases at the time of diagnosis, and even after 
surgery, 30% of patients have tumor recurrence or 
metastasis.3 In contrast to non-clear cell RCC (nccRCC), 
which consists of several histological subtypes, including 
papillary and chromophobe carcinomas, clear cell RCC 
(ccRCC) is the most prevalent histological subtype and 
accounts for more than 75% of RCCs.4 Currently, the 
International Metastatic Renal Cell Cancer Database 
Consortium (IMDC) score is used in mRCC to stratify 
patients into three subgroups (favorable, intermediate, and 
poor risk), in order to direct treatment choices and to 
predict prognosis.5 This prognostic model takes into 
account anemia, neutrophilia, thrombocytosis, hypercalce-
mia, Karnofsky performance status of less than 80, and 
a short time between diagnosis and first-line systemic 
therapy.5

In the last years, treatment of metastatic mRCC has radically 
changed. In fact, until 2005, the standard of care was repre-
sented by interferon alfa (IFN-α) and high-dose interleukin−2 
(HD IL−2).6,7 However, these therapies were often not effective, 
with many side effects and without an impact on immunological 

escape mechanisms.8 In recent years, new targeted therapies 
have been developed and approved based on a better under-
standing of the biological and molecular landscape of RCC: the 
best targets are represented by tumoral neoangiogenesis, the 
mammalian target of the rapamycin (mTOR) pathway (that 
plays an important role in the regulation of the cell cycle), 
immune checkpoints (that downregulate antitumoral immune 
responses, for example CTLA-4 and the programmed cell death 
protein 1 [PD-1] and its ligand [PD-L1] pathway). To address 
tumoral neoangiogenesis, several drugs are available, such as 
bevacizumab, sorafenib, sunitinib, pazopanib, axitinib, and 
cabozantinib,9–13 mainly directed against the vascular endothe-
lial growth factor (VEGF)/VEGF receptors (VEGFRs) pathway; 
on the other side, the mTOR pathway is targeted by everolimus 
and temsirolimus,14,15 CTLA-4 is targeted by ipilimumab and 
the PD-1/PD-L1 pathway by nivolumab and pembrolizumab 
(both directed against PD-1).16,17 Of note, the inhibition of 
immune checkpoints (with the consequent restoring of antitu-
mor immune response and the promotion of immune-mediated 
elimination of neoplastic cells) has improved mRCC patients’ 
prognoses after failure of targeted therapy, succeeding in 
extending their survival.18 For this reason, they have recently 
grown in popularity and PD-1/PD-L1 inhibition has become the 
standard of care in mRCC treatment. On this basis, we per-
formed a systematic review of the available evidence of the 
efficacy and safety of immune checkpoint inhibitors (ICIs) as 
first-line therapy for mRCC, alone or combined with other 
therapeutic agents.
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Molecular background of RCC

The PD-1/PD-L1/CTLA-4 axis in RCC

RCC is highly immunogenic and leads to the mobilization of 
immune cells into the tumor microenvironment, including 
Tumor Infiltrating Lymphocytes (TILs) and natural killer 
cells, supporting tumor progression.19,20 PD-L1 is widely 
expressed in RCC, and the PDL-1/PD-L1 checkpoint has 
a central role in controlling tumor growth in this 
neoplasm.20 In particular, PD-1 is present on T cell membrane 
surface, while PD-L1 is expressed by tumor cells. T cell anergy 
and downregulation as a result of overexpression of PD-L1 and 
its interaction with PD-1 inhibitory receptors reduce host 
immunological response against RCC.20–22

For this reason, the inhibition of PD-1 or PD-L1, activating 
T cells directed against cancer cells, has an important anti- 
cancer effect. On the other side, there is another molecule that 
plays a role in immune response against cancer: it is the CTLA- 
4 coinhibitory receptor, which inhibits T lymphocytes directed 
against cancer cells when they first become activated and for 
roughly 48 h following T-cell activation it shows high expres-
sion. For this reason, blocking antibodies against CTLA-4 can 
be used to reactivate immune response against neoplastic cells. 
However, clinically significant inflammatory or autoimmune 
toxic effects are seen in 20% to 30% of patients in addition to 
this response.2 Generally speaking, PD-1 inhibition is thought 
to be less harmful and more effective against tumors than 
CTLA-4 inhibition because PD-1 predominantly regulates 
the effector phase of T-cell responses and has a stronger selec-
tivity for immune suppressive signals that are directly trans-
mitted by cancer.23,24

Neoangiogenesis in mRCC

The growth of new blood vessels is crucial for tumor develop-
ment, and RCC is well known for having a high blood vessel 
density. As a result, many strategies used to treat mRCC are 
designed to inhibit angiogenesis. The tumor suppressor gene 
von Hippel-Lindau (VHL) is frequently mutated in RCC. VHL 
participates in the process by which hypoxia-inducible factor 
(HIF) is degraded. HIF is not broken down when VHL is 
mutated, which results in the transcription of numerous 
genes, including VEGF, which causes angiogenesis.25,26

Anti-VEGF monoclonal antibodies and tyrosine kinase 
inhibitors (TKIs) are examples of targeted agents that inhibit 
VEGF receptors as well as other angiogenesis-related 
receptors.27 Clinical trials have demonstrated that the TKIs 
sorafenib, sunitinib, pazopanib, axitinib, cabozantinib, and 
lenvatinib, as well as the anti-VEGF monoclonal antibody, 
bevacizumab, improve disease control.

In addition to stimulating angiogenesis, several data suggest 
that VEGF may contribute to cancer immune evasion. In fact, 
when VEGF is highly expressed, less differentiated antigen- 
presenting dendritic cells and more immunosuppressive mye-
loid cells are found in tumor tissue and peripheral blood, 
respectively.28,29 Also, it has been proven that VEGF blockade 
increases the number of T-cells within a tumor; in fact, Wallin 
et al. showed an increase in chemokines associated with T-cell 
migration, in tumor major histocompatibility complex class 1 

protein expression and in the presence of tumor-specific 
T-cells after bevacizumab administration.30 Moreover, they 
demonstrated further increases in T-cells with the combina-
tion of bevacizumab and atezolizumab, suggesting that the 
anti-VEGF treatment, bevacizumab, can trigger an antitumor 
immune response which may be strengthened by the addition 
of an ICI.30

First-line therapies for mRCC

Systemic first-line therapy for mRCC is rapidly evolving with 
several therapeutic combinations and new clinical trials.

The first targeted therapy to be used in mRCC was 
sunitinib, a multitarget tyrosine kinase inhibitor with anti-
angiogenic effects, an indirect inhibitory effect on tumor 
growth, and an activity on antitumor immune response. It 
was approved by the US Food and Drug Administration 
(FDA) in January 2006 and has represented the cornerstone 
of mRCC targeted treatment due to the peculiar molecular 
pathogenesis of this neoplasm. Over the past 15 y, clinical 
trials have explored the combination of sunitinib with other 
targeted agents to increase therapeutic efficacy and to reduce 
the burden of side effects.18 In fact, the introduction of new 
ICIs has led to a therapeutic shift in the management of 
mRCC. Dual checkpoint inhibition with nivolumab (PD-1 
inhibitor) and ipilimumab (CTLA-4 inhibitor), along with 
the combination of a PD-(L)-1 ICI and a VEGFR-TKI, was 
demonstrated to improve response rates, progression-free 
survival (PFS), and/or overall survival (OS) when compared 
with sunitinib.31–33

After sunitinib, ipilimumab and nivolumab were the most 
promising therapies to be implemented in mRCC, as they were 
the only combination therapy that received approval for 
mRCC.

The introduction of biological and immunological drugs in 
the therapeutic armamentarium of metastatic renal cell carci-
noma, on the one hand, has led to remarkable results in terms 
of efficacy and , on the other hand, has documented a series of 
new or unusual side effects that deserve proper management. 
The main side effects related to tyrosine kinase inhibitors are 
represented by diarrhea, fatigue, nausea, hypertension, con-
gestive heart failure, thyroid dysfunction, cutaneous altera-
tions, gastrointestinal toxicity, hepatitis, nephritis, and 
hematological alterations such as neutropenia and thrombo-
cytopenia. According to the Common Terminology Criteria 
for Adverse Events (CTCAE), immune-related adverse events 
can range in severity from grade 1 to grade 5 (mild/asympto-
matic, moderate, severe, life-threatening, and fatal).34 It should 
be noted that with combination ICI therapy, immune-related 
adverse events are more frequent and severe, with a higher 
prevalence of high-grade side effects than with single-agent 
therapy. However, most immune-related adverse events 
resolve with temporary or permanent withdrawal of immu-
notherapy and with the use of immunosuppressive drugs. The 
time required for side effects to resolve depends on the type of 
toxicity. Gastrointestinal, hepatic, and renal adverse events 
typically improve rapidly upon initiation of immunosuppres-
sive therapy. Conversely, the resolution of cutaneous and, 
above all, endocrine toxicity may take longer and may leave 
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behind an endocrine insufficiency which may require replace-
ment therapy indefinitely.35–38

Herein, we describe in greater detail the first-line therapeu-
tic regimens currently in use in mRCC.

ICIs in mRCC (dual-type combination)

Nivolumab + ipilimumab

The phase 3 CheckMate 214 trial assessed this association in 
comparison to sunitinib in 847 patients with metastatic 
ccRCC.31,39,40 In intermediate-poor IMDC risk groups, first- 
line treatment with nivolumab and ipilimumab was associated 
with higher response rates (41.9% vs. 26.8%, p < .001), PFS, 
and an increase in 12-month OS rate (80% vs. 72%, p < .001). 
At a minimum follow-up of 4 y, nivolumab plus ipilimumab 
has shown to be more effective than sunitinib in terms of both 
overall responses (RRORR [objective response rates] 1.56; 95% CI: 
1.29–1.90) and complete responses (RR 7.28; 95% CI: 3.14– 
16.91), with both progression risk and mortality risk, respec-
tively, of 26% (HR [hazard ratio]PFS .74; 95% CI [confidence 
interval]: 0.62–0.88) and 35% (HROS .65; 95% CI: 0.54–0.78). 
Additionally, only 1.4% and 6.5% of sunitinib treated patients 
showed a full response in the intermediate-poor risk and 
favorable risk groups, respectively, compared to 10% of 
patients under combined therapy (across all IMDC risk 
categories).41 Nevertheless, in favorable risk IMDC group, 
ORRs were less than in the control arm (sunitinib) (29.6 vs. 
51.6%, p = .0005), PFS was lower (12.4 vs. 28.9 months, HR 
1.84, 95% CI: 1.29–2.62), and also OS was reduced (HR 0.93; 
95% CI 0.62–1.4; OS not reached).

Moreover, PD-L1 expression was not predictive of either 
response to treatment or to survival. Regarding adverse 
events, the combination of nivolumab and ipilimumab was 
linked to a lower incidence of serious adverse events com-
pared to sunitinib (RR of G3–5 adverse events: 0.73; 95% CI: 
0.65–0.81), even if the incidence of adverse events in general 
was significantly higher (especially tiredness, pruritus, rash, 
nausea, diarrhea, and increases in transaminase levels), 
increasing the likelihood of treatment termination (RR 
1.76; 95% CI: 1.34–2.32). However, the rate of such adverse 
events was comparable to those seen in immune checkpoint 
inhibitor trials in other solid cancers. Nevertheless, grade ≥3 
adverse events occurred in a high percentage of patients 
(46%) and high-dose corticosteroids were necessary in 36% 
of them (a higher percentage if compared to therapy with 
immune checkpoint inhibitor associated with an anti-VEGF 
drug).

Regarding patients’ reported outcomes, there have been 
decreases (ranging from 25% to 43%) in the probability of 
a significant decline in health-related quality of life scores, 
underlining reported better levels of such parameter. 
Therefore, given the outcomes for tolerability and quality of 
life, FDA approved such first-line therapy for intermediate or 
poor-risk mRCC in April 2018.

This trial has shown a significant impact on clinical prac-
tice, since the association of nivolumab and ipilimumab has 
become the standard-of-care first-line therapy for the afore-
mentioned mRCC risk groups.

VEGF inhibitors + ICIs in mRCC

Pembrolizumab + axitinib

In the phase 3 KEYNOTE−426 trial, 861 patients with meta-
static ccRCC were randomly assigned to receive either pem-
brolizumab and axitinib or sunitinib as their first line of 
treatment.33,42 In terms of both PFS and OS, this combination 
has been demonstrated to be effective throughout a follow-up 
period of at least 30 months.

In particular, the combination of pembrolizumab and axi-
tinib demonstrated greater activity in the subgroup of 269 
patients with favorable IMDC risk (RRORR 1.38; 95% CI: 
1.13–1.69) and better control of progression (HRPFS .79; 95% 
CI: 0.57–1.09) compared to sunitinib, but with similar OS 
(HROS 1.06; 95% CI: 0.60–1.86). In the 592 IMDC intermedi-
ate-high risk category patients, the combination of pembroli-
zumab and axitinib demonstrated greater activity (RRORR 1.58; 
95% CI: 1.32–1.90) than sunitinib, with a reduction in the risk 
of progression by 31% (HRPFS .69; 95% CI: 0.56–0.84) and 
death by 37% (HROS .63; 95% CI: 0.50–0.81). Overall, the 
treatment based on pembrolizumab plus axitinib showed sta-
tistically significant improvements in ORR (59.3% vs. 35.7%, 
p < .001), PFS (15.4 vs. 11.1 months, p < .0001), and OS (HR 
0.68, 95% CI: 0.55–0.85, p = .0003) regardless of PD-L1 expres-
sion and IMDC risk group (except for OS in favorable IMDC 
risk group, as reported above).

In the entire population, the incidence of serious adverse events 
was similar (RR 1.07; 95% CI: 0.97–1.18); however, the combined 
therapy group had a greater incidence of adverse events that 
resulted in treatment termination (RR of G3–5 adverse events 
2.56; 95% CI: 1.85–3.54) as well as adverse immuno-related events 
(RR 6.27; 95% CI: 3.14–12.51). However, there were no unex-
pected therapy-related side effects, and diarrhea and hypertension 
were frequent toxicities in both groups.

At long-term follow-up, pembrolizumab plus axitinib ther-
apy appeared to provide a durable antitumor response, as 
evidenced by ORRs of 85%, PFS rates of 94.7%, and OS rates 
of 74.8% at 36 months.43 The FDA authorized pembrolizumab 
plus axitinib as a combination in April 2019 for the first-line 
treatment of mRCC, hence the findings from KEYNOTE−426 
have a significant impact on clinical practice.

Pembrolizumab + lenvatinib

The efficacy of the anti-VEGFR TKI lenvatinib in combination 
with either everolimus or pembrolizumab has been compared 
with sunitinib in patients with metastatic ccRCC in the phase 3 
randomized CLEAR-KN581 trial.44

Compared to lenvatinib plus everolimus and sunitinib, 
treatment with lenvatinib plus pembrolizumab was linked 
with a greater ORR (71% vs. 53.5% vs. 36.1%). In particular, 
pembrolizumab plus lenvatinib was administered to 355 
individuals, and sunitinib was given to 357 of them. The 
median period without evidence of disease progression after 
a median follow-up of 22.3 months was 23.9 months (95% 
CI: 20.8–27.7) in the pembrolizumab + lenvatinib arm versus 
9.2 months (95% CI: 6.0–11.0) in the control arm, and these 
data showed statistical significance (p < .001). The combina-
tion of pembrolizumab and lenvatinib was associated with 
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a 61% relative reduction of progression risk compared to 
sunitinib (HR 0.39; 95% CI: 0.32–0.49; p < .001). Moreover, 
when compared to sunitinib, lenvatinib with pembrolizumab 
substantially improved also OS (HR 0.66; 95% CI: 0.49–0.88, 
p = .005, OS not reached) and reduced the risk of mortality 
by 28% (HR 0.72; 95% CI: 0.55–0.93). These benefits were 
independent from both PD-L1 expression and IMDC risk 
group. When compared to sunitinib, lenvatinib plus ever-
olimus also provided prolonged PFS (14.7 vs. 0.2 months, p  
< .001) but this did not result in an improvement in OS 
(although this last data is not statistically significant). After 
33.7 months of follow-up, it is still impossible to estimate the 
median survival for both treatment modalities in terms 
of OS.

Regarding adverse events, 82.4% of patients receiving len-
vatinib plus pembrolizumab, 83.1% of patients receiving len-
vatinib plus everolimus, and 71.8% of patients receiving 
sunitinib experienced grade ≥3 side effects: for example, 
hypertension, diarrhea, and increased lipase levels were pre-
sent in at least 10% of patients in any group.

When sunitinib was employed as a comparator, the risk of 
a major adverse event rose by 15% in patients receiving lenva-
tinib plus pembrolizumab (RR 1.15; 95% CI: 1.06–2.05). With 
a relative increase in risk of permanent treatment interruption of 
more than two times and a half (RR 2.58; 95% CI: 1.93–3.46) 
when compared to sunitinib, the cumulative incidence of 
adverse events leading to treatment interruption was 37.2% in 
the pembrolizumab + lenvatinib arm as opposed to 14.4% in the 
control arm. Lenvatinib and pembrolizumab were given FDA 
approval in 2021 for the treatment of mRCC. However, further 
follow-up data are needed.

Nivolumab + cabozantinib

This drug combination has been compared with sunitinib 
in patients with metastatic ccRCC in the phase 3 rando-
mized CheckMate−9ER trial.45 Sunitinib (328 patients) or 
nivolumab + cabozantinib (323 patients) has been given to 
a total of 651 patients. Nivolumab plus cabozantinib treat-
ment was associated with significantly higher response 
rates (55.7% vs. 27.1%, p < .0001), longer PFS (16.6 vs. 
8.3 months; HR 0.51; 95% CI: 0.41–0.64; p < .0001), and 12- 
month OS (85.7% vs. 75.6%, p = .001) compared to suniti-
nib. About 55.7% of patients who received nivolumab +  
cabozantinib and 27.1% of patients who received sunitinib 
had an objective response. These benefits were independent 
from both PD-L1 expression and IMDC risk. Grade ≥3 
adverse events occurred in 75.3% of nivolumab + cabozan-
tinib patients and in 70.6% of sunitinib patients. Although 
rates of hepatotoxicity were greater in the nivolumab +  
cabozantinib group, there were no unexpected treatment- 
related side effects. Due to immune-related toxicities, 19.1% 
of the patients in the nivolumab + cabozantinib group 
required high dosage corticosteroid therapy. Additionally, 
19.7% of patients overall stopped at least one drug due to 
negative outcomes. However, patients treated with nivolu-
mab + cabozantinib reported a higher quality of life than 
those treated with sunitinib.

Based on the findings of this study, the FDA authorized 
first-line nivolumab and cabozantinib for mRCC in 
January 2021. However, further follow-up data are needed.

Table 1 summarizes key statistics for each approved first- 
line combination treatment compared to sunitinib.

Table 1. Clinical trials for ICIs as first-line treatment of mRCC.

Trial (study name)
Targeting agents 
and comparison

ORR stratified 
according to IMDC risk 

groups
PFS stratified according to 

IMDC risk groups
OS stratified according to IMDC 

risk groups

G3–5 adverse events according to 
IMDC risk groups 

(RR compared to sunitinib)

CheckMate 214 Nivolumab + 
ipilimumab 

vs. 
sunitinib

Favourable: 29.6 vs. 
51.6% (p = .0005)  

Intermediate-poor: 
41.9 vs. 26.8% (p  
< .0001)

Favourable: 
12.4 vs. 28.9 months; 
HR 1.84; 95% CI 1.29–2.62 
Intermediate-poor: 

11.2 vs. 8.3 months; 
HR 0.74; 
95% CI 0.62–0.88

Favourable: HR 0.93; 95% CI: 
0.62–1.4; OS not reached  

Intermediate-poor: 
48.1 vs. 26.6 months; 50% vs. 

35.8%; 
HR 0.65; 
95% CI 0.54–0.78

Intermediate-poor risk group: 
RR 0.73; 95% CI: 0.65–0.81

KEYNOTE−426 Pembrolizumab + 
axitinib 

vs. 
sunitinib

All risk groups:  
59.3% vs. 35.7%; 

p < .001

All risk groups: 
15.4 vs. 11.1 months;  

p < .0001

All risk groups: 
HR 0.68; 95% CI 0.55–0.85; p  

= .0003; median OS not 
reached

All risk groups: 
RR 2.56; 95% CI: 1.85–3.54

CLEAR-KN581 Pembrolizumab + 
lenvatinib (1st 

group) 
or 
everolimus + 

lenvatinib (2nd 

group) 
vs. 
sunitinib (control)

All risk groups: 71% (1st 

group) vs. 53.5% (2nd 

group) 
vs. 36.1% (control); 

p value not 
available

All risk groups: 23.9 vs. 9.2 
months, p < .001 (1st 

group vs. control); 
14.7 vs. 9.2 months,  

p  < .01 (2nd group vs. 
control)

All risk groups: 
HR 0.66; 95% CI 0.49–0.88; p  

= .005; 
OS not reached (1st group vs. 

control; exception observed 
in patients with favorable 
risk features) 

All risk groups: 
HR 1.15; 95% CI 0.88–1.5; p  

= .3; 
OS not reached (2nd group vs. 

control)

All risk groups: 
RR 1.15; 95% CI: 1.06–2.05 (1st 

group); 
incidence of G3–5 adverse 

events: 82.4% of lenvatinib + 
pembrolizumab patients 

vs. 
83.1% of lenvatinib + everolimus 

patients 
vs. 
71.8% of sunitinib patients

CheckMate−9ER Nivolumab + 
cabozantinib 

vs. 
sunitinib

55.7% vs. 27.1%;  
p < .001

All risk groups: 
16.6 vs. 8.3 months; HR 0.51; 

95% CI 0.41–0.64; p  
< .0001

All risk groups: 
85.7% vs. 75.6% at 12 months; 

HR 0.6; 98% CI 0.4–0.89; p  
= .001

All risk groups (incidence of G3–5 
adverse events): 

75.3% of nivolumab + 
cabozantinib patients 

vs. 
70.6% of sunitinib patients
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Discussion

The selection of first-line therapy for mRCC is primarily based 
on the IMDC prognostic risk model. In fact, first-line thera-
peutic options in the favorable risk group include ICIs alone or 
in association with antiangiogenic agents, while ipilimumab 
and nivolumab, as well as combinations of an ICI and a TKI, 
represent choices for diseases with an intermediate or poor 
prognosis. Patients with a high disease burden and severe 
symptoms may benefit from treatment with ICI and TKI 
since the TKI may provide a quick response to therapy. 
Moreover, nowadays, we have long-term follow-up periods 
showing the advantages of therapy with ipilimumab and nivo-
lumab in terms of lasting response and high survival, while the 
majority of clinical trials examining combinations of ICIs and 
TKIs have shorter follow-up periods and insufficient long- 
term data, making it unclear whether these treatments can 
provide comparable responses. Nevertheless, given the greater 
rates of immune-related toxicities and demand for high dosage 
corticosteroids associated with ipilimumab and nivolumab 
treatments compared to ICI and TKI treatments, toxicity is 
also a crucial factor to take into account. For such reason, 
treatment choice should depend on patients’ features and 
underlying co-morbidities: for example, immunotherapy com-
binations should be avoided in cases of underlying autoim-
mune diseases and the association of lenvatinib plus 
pembrolizumab may be a serious problem in the presence of 
cardiovascular comorbidities, since it has been linked to 
increased rates of hypertension and hyperlipidemia. 
Moreover, hepatotoxicity represents an important contraindi-
cation for mRCC patients who also suffer from liver disease: in 
this subset, in fact, both pembrolizumab + axitinib and nivo-
lumab + cabozantinib therapies are not recommended.46 Of 
note, even if many clinicians feel that the anti-PD-1 agents are 
not as effective in mRCC, a recent meta-analysis showed that 
combination therapy with anti-PD-1/PD-L1 inhibitors 
reduced the risk of death and progression by 26% and 32%, 
respectively, compared to sunitinib alone (HROS .74, 95% CI 
0.67–0.81, p < .001; HRPFS .68, 95% CI 0.54–0.85, p = .001). The 
complete response rate and overall response rate of immuno- 
based combination treatment were both improved (respec-
tively OR 3.04, 95% CI 2.31–3.99, p = .001 and OR 2.53, 95% 
CI 1.77–3.62, p < .03).47 Moreover, results from KEYNOTE 
−564 phase 3 trial showed that pembrolizumab improved 
both OS and disease-free survival (DFS) in ccRCC patients at 
high risk for recurrence following nephrectomy (this study 
also included mRCC patients who underwent radical local 
and secondary localization surgery).48 Based on these results, 
pembrolizumab was authorized for RCC treatment in 2021. All 
of these data denote the substantial efficacy of anti-PD-1 drugs 
and its biological rationale could lie in the fact that, being PD-1 
present on T cell membrane surface, anti-PD-1 drugs can 
activate T cells even when PD-L1 expression by tumor cells is 
low or absent.49

Conclusions

In the past 10 y, the introduction of new TKIs and the increas-
ing use of ICIs have changed the therapeutic landscape of 

mRCC. As a result, patients with mRCC now have better 
prognoses and longer survivals. However, most of them experi-
ence disease relapse after resistance development. Treatment 
with ICIs, both in a dual-type combination and in combination 
with a TKI, has given better results than sunitinib alone, and 
more combined treatments are being studied to broaden treat-
ment options. Nonetheless, there is a critical need to identify 
new biomarkers and to develop novel targeted agents to over-
come tumor resistance and to guide treatment decisions.

Authors’ contributions

VF and FP wrote the original draft and produced the table; PT, LML, CP, 
and MM reviewed and edited the manuscript.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The author(s) reported that there is no funding associated with the work 
featured in this article.

ORCID

Vincenzo Fiorentino http://orcid.org/0000-0002-1132-1761

References

1. Capitanio U, Montorsi F. Renal cancer. Lancet. 2016;387:894–906. 
doi:10.1016/S0140-6736(15)00046-X.

2. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. 
Global cancer statistics 2018: GLOBOCAN estimates of incidence 
and mortality worldwide for 36 cancers in 185 countries. CA 
Cancer J Clin. 2018;68(6):394–424. doi:10.3322/caac.21492.

3. Gill DM, Hahn AW, Hale P, Maughan BL. Overview of current 
and future first-line systemic therapy for metastatic clear cell renal 
cell carcinoma. Curr Treat Options Oncol. 2018;19(1):6. doi:10. 
1007/s11864-018-0517-1.

4. Hsieh JJ, Purdue MP, Signoretti S, Swanton C, Albiges L, 
Schmidinger M, Heng DY, Larkin J, Ficarra V. Renal cell 
carcinoma. Nat Rev Dis Primers. 2017 Mar 9;3(1):17009. 10. 
1038/nrdp.2017.9. PMID: 28276433; PMCID: PMC5936048.

5. Heng DY, Xie W, Regan MM, Warren MA, Golshayan AR, Sahi C, 
Eigl BJ, Ruether JD, Cheng T, North S, et al. Prognostic factors for 
overall survival in patients with metastatic renal cell carcinoma 
treated with vascular endothelial growth factor-targeted agents: 
results from a large, multicenter study. J Clin Oncol. 2009 Dec 
1;27(34):5794–9. 10.1200/JCO.2008.21.4809. Epub 2009 Oct 13. 
PMID: 19826129.

6. Fyfe G, Fisher RI, Rosenberg SA, Sznol M, Parkinson DR, 
Louie AC. Results of treatment of 255 patients with metastatic 
renal cell carcinoma who received high-dose recombinant 
interleukin-2 therapy. J Clin Oncol. 1995;13:688–96. doi:10.1200/ 
JCO.1995.13.3.688.

7. Negrier S, Escudier B, Lasset C, Douillard JY, Savary J, Chevreau C, 
Ravaud A, Mercatello A, Peny J, Mousseau M, et al. Recombinant 
human interleukin-2, recombinant human interferon alfa-2a, or 
both in metastatic renal-cell carcinoma. Groupe Francais 
d’Immunotherapie. N Engl J Med. 1998;338(18):1272–8. doi:10. 
1056/NEJM199804303381805.

8. Ratta R, Zappasodi R, Raggi D, Grassi P, Verzoni E, Necchi A, Di 
Nicola M, Salvioni R, de Braud F, Procopio G. Immunotherapy 

HUMAN VACCINES & IMMUNOTHERAPEUTICS 5

https://doi.org/10.1016/S0140-6736(15)00046-X
https://doi.org/10.3322/caac.21492
https://doi.org/10.1007/s11864-018-0517-1
https://doi.org/10.1007/s11864-018-0517-1
https://doi.org/10.1038/nrdp.2017.9
https://doi.org/10.1038/nrdp.2017.9
https://doi.org/10.1200/JCO.2008.21.4809
https://doi.org/10.1200/JCO.1995.13.3.688
https://doi.org/10.1200/JCO.1995.13.3.688
https://doi.org/10.1056/NEJM199804303381805
https://doi.org/10.1056/NEJM199804303381805


advances in uro-genital malignancies. Crit Rev Oncol Hematol. 
2016;105:52–64. doi:10.1016/j.critrevonc.2016.06.012.

9. Escudier B, Eisen T, Stadler WM, Szczylik C, Oudard S, 
Staehler M, Negrier S, Chevreau C, Desai AA, Rolland F, et al. 
Sorafenib for treatment of renal cell carcinoma: final efficacy and 
safety results of the phase III treatment approaches in renal cancer 
global evaluation trial. J Clin Oncol. 2009;27:3312–8. doi:10.1200/ 
JCO.2008.19.5511.

10. Motzer RJ, Hutson TE, Tomczak P, Michaelson MD, 
Bukowski RM, Rixe O, Oudard S, Negrier S, Szczylik C, Kim ST, 
et al. Sunitinib versus interferon alfa in metastatic renal-cell 
carcinoma. N Engl J Med. 2007;356:115–24. doi:10.1056/ 
NEJMoa065044.

11. Rini BI, Halabi S, Rosenberg JE, Stadler WM, Vaena DA, Ou SS, 
Archer L, Atkins JN, Picus J, Czaykowski P, et al. Bevacizumab 
plus interferon alfa compared with interferon alfa monotherapy in 
patients with metastatic renal cell carcinoma: CALGB 90206. J Clin 
Oncol. 2008;26:5422–8. doi:10.1200/JCO.2008.16.9847.

12. Sternberg CN, Davis ID, Mardiak J, Szczylik C, Lee E, Wagstaff J, 
Barrios CH, Salman P, Gladkov OA, Kavina A, et al. Pazopanib in 
locally advanced or metastatic renal cell carcinoma: results of 
a randomized phase III trial. J Clin Oncol. 2010;28(6):1061–8. 
doi:10.1200/JCO.2009.23.9764.

13. Choueiri TK, Escudier B, Powles T, Mainwaring PN, Rini BI, 
Donskov F, Hammers H, Hutson TE, Lee JL, Peltola K, et al. 
Cabozantinib versus everolimus in advanced renal-cell 
carcinoma. N Engl J Med. 2015;373:1814–23. doi:10.1056/ 
NEJMoa1510016.

14. Motzer RJ, Escudier B, Oudard S, Hutson TE, Porta C, Bracarda S, 
Grünwald V, Thompson JA, Figlin RA, Hollaender N, et al. Phase 
3 trial of everolimus for metastatic renal cell carcinoma: final 
results and analysis of prognostic factors. Cancer. 2010;116 
(18):4256–65. doi:10.1002/cncr.25219.

15. Hudes G, Carducci M, Tomczak P, Dutcher J, Figlin R, Kapoor A, 
Staroslawska E, Sosman J, McDermott D, Bodrogi I, et al. 
Temsirolimus, interferon alfa, or both for advanced renal-cell 
carcinoma. N Engl J Med. 2007;356(22):2271–81. doi:10.1056/ 
NEJMoa066838.

16. Motzer R, Escudier B, McDermott D, George S, Hammers HJ, 
Srinivas S, Tykodi SS, Sosman JA, Procopio G, Plimack ER, 
et al. Nivolumab versus everolimus in advanced renal-cell 
carcinoma. N Engl J Med. 2015;373(19):1803–13. doi:10.1056/ 
NEJMoa1510665.

17. Mennitto A, Grassi P, Ratta R, Grassi P, Ratta R, Verzoni E, 
Prisciandaro M, Procopio G. Nivolumab in the treatment of 
advanced renal cell carcinoma: clinical trial evidence and 
experience. Ther Adv Urol. 2016;8(5):319–26. doi:10.1177/ 
1756287216656811.

18. Rizzo M, Porta C. Sunitinib in the treatment of renal cell carci-
noma: an update on recent evidence. Ther Adv Urol. 2017 Jun 29;9 
(8):195–207. 10.1177/1756287217713902. PMID: 29662544; 
PMCID: PMC5896861.

19. Michael A, Pandha HS. Renal-cell carcinoma: tumour markers, 
T-cell epitopes, and potential for new therapies. Lancet Oncol. 
2003 Apr;4(4):215–23. doi:10.1016/s1470-2045(03)01044-1. 
PMID: 12681265.

20. Griffiths RW, Elkord E, Gilham DE, Ramani V, Clarke N, 
Stern PL, Hawkins RE. Frequency of regulatory T cells in renal 
cell carcinoma patients and investigation of correlation with 
survival. Cancer Immunol Immunother. 2007 Nov;56 
(11):1743–53. doi:10.1007/s00262-007-0318-z. Epub 2007 May 9. 
PMID: 17487490.

21. Thompson RH, Gillett MD, Cheville JC, Lohse CM, Dong H, 
Webster WS, Chen L, Zincke H, Blute ML, Leibovich BC, et al. 
Costimulatory molecule B7-H1 in primary and metastatic clear 
cell renal cell carcinoma. Cancer. 2005 Nov 15;104(10):2084–91. 
doi: 10.1002/cncr.21470. PMID: 16208700.

22. Parry RV, Chemnitz JM, Frauwirth KA, Lanfranco AR, 
Braunstein I, Kobayashi SV, Linsley PS, Thompson CB, Riley JL. 
CTLA-4 and PD-1 receptors inhibit T-cell activation by distinct 

mechanisms. Mol Cell Biol. 2005 Nov;25(21):9543–53. doi:10. 
1128/MCB.25.21.9543-9553.2005. PMID: 16227604; PMCID: 
PMC1265804.

23. Pardoll DM. The blockade of immune checkpoints in cancer 
immunotherapy. Nat Rev Cancer. 2012 Mar 22;12(4):252–64. 
doi: 10.1038/nrc3239. PMID: 22437870; PMCID: PMC4856023.

24. Okazaki T, Honjo T. PD-1 and PD-1 ligands: from discovery to 
clinical application. Int Immunol. 2007 Jul;19(7):813–24. doi:10. 
1093/intimm/dxm057. Epub 2007 Jul 2. PMID: 17606980.

25. Rini BI, Atkins MB. Resistance to targeted therapy in renal-cell 
carcinoma. Lancet Oncol. 2009 Oct;10(10):992–1000. doi:10.1016/ 
S1470-2045(09)70240-2. PMID: 19796751.

26. Cohen RB, Oudard S. Antiangiogenic therapy for advanced renal 
cell carcinoma: management of treatment-related toxicities. Invest 
New Drugs. 2012;30(5):2066–79. doi:10.1007/s10637-012-9796-8.

27. Sharma SG, Nanda S, Longo S. Anti-angiogenic therapy in renal 
cell carcinoma. Recent Pat Anticancer Drug Discov. 2010;5 
(1):77–83. doi:10.2174/157489210789702181.

28. Kusmartsev S, Eruslanov E, Kübler H, Tseng T, Sakai Y, Su Z, 
Kaliberov S, Heiser A, Rosser C, Dahm P, et al. Oxidative stress 
regulates expression of VEGFR1 in myeloid cells: link to 
tumor-induced immune suppression in renal cell carcinoma. 
J Immunol. 2008 Jul 1;181(1):346–53. 10.4049/jimmunol.181.1. 
346. PMID: 18566400.

29. Osada T, Chong G, Tansik R, Hong T, Spector N, Kumar R, 
Hurwitz HI, Dev I, Nixon AB, Lyerly HK, et al. The effect of 
anti-VEGF therapy on immature myeloid cell and dendritic cells 
in cancer patients. Cancer Immunol Immunother. 2008 Aug;57 
(8):1115–24. doi:10.1007/s00262-007-0441-x. Epub 2008 Jan 10. 
PMID: 18193223; PMCID: PMC4110970.

30. Wallin JJ, Bendell JC, Funke R, Sznol M, Korski K, Jones S, 
Hernandez G, Mier J, He X, Hodi FS, et al. Atezolizumab in 
combination with bevacizumab enhances antigen-specific T-cell 
migration in metastatic renal cell carcinoma. Nat Commun. 2016;7 
(1):12624. doi:10.1038/ncomms12624. PubMed: 27571927.

31. Motzer RJ, Tannir NM, McDermott DF, Arén Frontera O, 
Melichar B, Choueiri TK, Plimack ER, Barthélémy P, Porta C, 
George S, et al. Nivolumab plus ipilimumab versus sunitinib in 
advanced renal-cell carcinoma. N Engl J Med. 2018 Apr 5;378 
(14):1277–90. doi:10.1056/NEJMoa1712126. Epub 2018 Mar 21. 
PMID: 29562145; PMCID: PMC5972549.

32. Motzer RJ, Penkov K, Haanen J, Rini B, Albiges L, Campbell MT, 
Venugopal B, Kollmannsberger C, Negrier S, Uemura M, et al. 
Avelumab plus axitinib versus sunitinib for advanced renal-cell 
carcinoma. N Engl J Med. 2019 Mar 21;380(12):1103–15. 10.1056/ 
NEJMoa1816047. Epub 2019 Feb 16. PMID: 30779531; PMCID: 
PMC6716603.

33. Rini BI, Plimack ER, Stus V, Gafanov R, Hawkins R, Nosov D, 
Pouliot F, Alekseev B, Soulières D, Melichar B, et al. 
Pembrolizumab plus axitinib versus sunitinib for advanced 
renal-cell carcinoma. N Engl J Med. 2019 Mar 21;380 
(12):1116–27. doi:10.1056/NEJMoa1816714. Epub 2019 Feb 16. 
PMID: 30779529.

34. National Cancer Institute. Common Terminology Criteria for 
Adverse Events (CTCAE) [Internet]. 2020. https://ctep.cancer. 
gov/protocolDevelopment/electronic_applications/ctc.htm .

35. Choueiri TK, Motzer RJ, Longo DL. Systemic therapy for meta-
static renal-cell carcinoma. N Engl J Med. 2017 Jan 26;376 
(4):354–66. 10.1056/NEJMra1601333. PMID: 28121507.

36. Choueiri TK, Kaelin WG Jr. Targeting the HIF2-VEGF axis in 
renal cell carcinoma. Nat Med. 2020 Oct;26(10):1519–30. doi:10. 
1038/s41591-020-1093-z. Epub 2020 Oct 5. PMID: 33020645.

37. Motzer RJ, Jonasch E, Boyle S, Carlo MI, Manley B, Agarwal N, 
Alva A, Beckermann K, Choueiri TK, Costello BA, et al. NCCN 
guidelines insights: kidney cancer, version 1.2021. J Natl Compr 
Canc Netw. 2020;18(9):1160–70. doi:10.6004/jnccn.2020.0043.

38. Bedke J, Albiges L, Capitanio U, Giles RH, Hora M, Lam TB, 
Ljungberg B, Marconi L, Klatte T, Volpe A, et al. Updated 
European Association of Urology guidelines on renal cell carci-
noma: nivolumab plus cabozantinib joins immune checkpoint 

6 V. FIORENTINO ET AL.

https://doi.org/10.1016/j.critrevonc.2016.06.012
https://doi.org/10.1200/JCO.2008.19.5511
https://doi.org/10.1200/JCO.2008.19.5511
https://doi.org/10.1056/NEJMoa065044
https://doi.org/10.1056/NEJMoa065044
https://doi.org/10.1200/JCO.2008.16.9847
https://doi.org/10.1200/JCO.2009.23.9764
https://doi.org/10.1056/NEJMoa1510016
https://doi.org/10.1056/NEJMoa1510016
https://doi.org/10.1002/cncr.25219
https://doi.org/10.1056/NEJMoa066838
https://doi.org/10.1056/NEJMoa066838
https://doi.org/10.1056/NEJMoa1510665
https://doi.org/10.1056/NEJMoa1510665
https://doi.org/10.1177/1756287216656811
https://doi.org/10.1177/1756287216656811
https://doi.org/10.1177/1756287217713902
https://doi.org/10.1016/s1470-2045(03)01044-1
https://doi.org/10.1007/s00262-007-0318-z
https://doi.org/10.1002/cncr.21470
https://doi.org/10.1128/MCB.25.21.9543-9553.2005
https://doi.org/10.1128/MCB.25.21.9543-9553.2005
https://doi.org/10.1038/nrc3239
https://doi.org/10.1093/intimm/dxm057
https://doi.org/10.1093/intimm/dxm057
https://doi.org/10.1016/S1470-2045(09)70240-2
https://doi.org/10.1016/S1470-2045(09)70240-2
https://doi.org/10.1007/s10637-012-9796-8
https://doi.org/10.2174/157489210789702181
https://doi.org/10.4049/jimmunol.181.1.346
https://doi.org/10.4049/jimmunol.181.1.346
https://doi.org/10.1007/s00262-007-0441-x
https://doi.org/10.1038/ncomms12624
https://doi.org/10.1056/NEJMoa1712126
https://doi.org/10.1056/NEJMoa1816047
https://doi.org/10.1056/NEJMoa1816047
https://doi.org/10.1056/NEJMoa1816714
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
https://doi.org/10.1056/NEJMra1601333
https://doi.org/10.1038/s41591-020-1093-z
https://doi.org/10.1038/s41591-020-1093-z
https://doi.org/10.6004/jnccn.2020.0043


inhibition combination therapies for treatment-naïve metastatic 
clear-cell renal cell carcinoma. Eur Urol. 2021;79(3):339–42. 
doi:10.1016/j.eururo.2020.12.005.

39. Motzer RJ, Rini BI, McDermott DF, Arén Frontera O, 
Hammers HJ, Carducci MA, Salman P, Escudier B, Beuselinck B, 
Amin A, et al. CheckMate 214 investigators. Nivolumab plus 
ipilimumab versus sunitinib in first-line treatment for advanced 
renal cell carcinoma: extended follow-up of efficacy and safety 
results from a randomised, controlled, phase 3 trial. Lancet 
Oncol. 2019 Oct;20(10):1370–85. doi:10.1016/S14702045(19) 
30413-9. Epub 2019 Aug 16. Erratum in: Lancet Oncol. 2019 
Aug 21;: Erratum in: Lancet Oncol. 2020 Jun;21(6):e304. Erratum 
in: Lancet Oncol. 2020 Nov;21(11):e518. PMID: 31427204; 
PMCID: PMC7497870.

40. Cella D, Grünwald V, Escudier B, Hammers HJ, George S, 
Nathan P, Grimm MO, Rini BI, Doan J, Ivanescu C, et al. Patient- 
reported outcomes of patients with advanced renal cell carcinoma 
treated with nivolumab plus ipilimumab versus sunitinib 
(CheckMate 214): a randomised, phase 3 trial. Lancet Oncol. 
2019 Feb;20(2):297–310. doi:10.1016/S1470-2045(18)30778-2. 
Epub 2019 Jan 15. Erratum in: Lancet Oncol. 2019 Jun;20(6): 
e293. PMID: 30658932; PMCID: PMC6701190.

41. Albiges L, Tannir NM, Burotto M, McDermott D, Plimack ER, 
Barthélémy P, Porta C, Powles T, Donskov F, George S, et al. 
Nivolumab plus ipilimumab versus sunitinib for first-line treat-
ment of advanced renal cell carcinoma: extended 4-year follow-up 
of the phase III CheckMate 214 trial. ESMO Open. 2020;5(6): 
e001079. doi:10.1136/esmoopen-2020-001079.

42. Powles T, Plimack ER, Soulières D, Waddell T, Stus V, Gafanov R, 
Nosov D, Pouliot F, Melichar B, Vynnychenko I, et al. 
Pembrolizumab plus axitinib versus sunitinib monotherapy as 
first-line treatment of advanced renal cell carcinoma 
(KEYNOTE-426): extended follow-up from a randomised, 
open-label, phase 3 trial. Lancet Oncol. 2020 Dec;21(12):1563–73. 
doi:10.1016/S1470-2045(20)30436-8. Epub 2020 Oct 23. Erratum in: 
Lancet Oncol. 2020 Dec;21(12):e553. PMID: 33284113.

43. Plimack ER, Powles T, Bedke J, Pouliot F, Stus V, Waddell T, 
Gafanov R, Nosov D, Alekseev B, McDermott RS, et al. 

Outcomes for patients in the pembrolizumab+axitinib arm with 
advanced renal cell carcinoma (RCC) who completed two years of 
treatment in the phase III KEYNOTE-426 Study. J Clin Oncol. 
2021;39(6_suppl):327–327. doi:10.1200/JCO.2021.39.6_suppl.327.

44. Motzer R, Alekseev B, Rha SY, Porta C, Eto M, Powles T, 
Grünwald V, Hutson TE, Kopyltsov E, Méndez-Vidal MJ, et al. 
Lenvatinib plus pembrolizumab or everolimus for advanced renal 
cell carcinoma. N Engl J Med. 2021 Apr 8;384(14):1289–300. 
doi:10.1056/NEJMoa2035716. Epub 2021 Feb 13. PMID: 
33616314.

45. Cella D, Motzer RJ, Suarez C, Blum SI, Ejzykowicz F, Hamilton M, 
Wallace JF, Simsek B, Zhang J, Ivanescu C, et al. Patient-reported 
outcomes with first-line nivolumab plus cabozantinib versus suni-
tinib in patients with advanced renal cell carcinoma treated in 
CheckMate 9ER: an open-label, randomised, phase 3 trial. Lancet 
Oncol. 2022 Feb;23(2):292–303. doi:10.1016/S1470-2045(21) 
00693-8. Epub 2022 Jan 12. PMID: 35032437.

46. Tung I, Sahu A. Immune checkpoint inhibitor in first-line treat-
ment of metastatic renal cell carcinoma: a review of current evi-
dence and future directions. Front Oncol. 2021 Aug 30;11:707214. 
doi:10.3389/fonc.2021.707214. PMID: 34527581; PMCID: 
PMC8435744.

47. Massari F, Rizzo A, Mollica V, Rosellini M, Marchetti A, 
Ardizzoni A, Santoni M. Immune-based combinations for the 
treatment of metastatic renal cell carcinoma: a meta-analysis of 
randomised clinical trials. Eur J Cancer. 2021 Sep;154:120–7. 
doi:10.1016/j.ejca.2021.06.015. Epub 2021 Jul 12. PMID: 
34265504.

48. Choueiri TK, Tomczak P, Park SH, Venugopal B, Ferguson T, 
Chang YH, Hajek J, Symeonides SN, Lee JL, Sarwar N, et al. 
Adjuvant pembrolizumab after nephrectomy in renal-cell 
carcinoma. N Engl J Med. 2021 Aug 19;385(8):683–94. doi:10. 
1056/NEJMoa2106391. PMID: 34407342.

49. Maiorano BA, Ciardiello D, Maiello E, Roviello G. Comparison of 
anti–programmed cell death ligand 1 therapy combinations vs 
sunitinib for metastatic renal cell carcinoma: a meta-analysis. 
JAMA Netw Open. 2023;6(5):e2314144. doi:10.1001/jamanetwor 
kopen.2023.14144.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 7

https://doi.org/10.1016/j.eururo.2020.12.005
https://doi.org/10.1016/S14702045(19)30413-9
https://doi.org/10.1016/S14702045(19)30413-9
https://doi.org/10.1016/S1470-2045(18)30778-2
https://doi.org/10.1136/esmoopen-2020-001079
https://doi.org/10.1016/S1470-2045(20)30436-8
https://doi.org/10.1200/JCO.2021.39.6_suppl.327
https://doi.org/10.1056/NEJMoa2035716
https://doi.org/10.1016/S1470-2045(21)00693-8
https://doi.org/10.1016/S1470-2045(21)00693-8
https://doi.org/10.3389/fonc.2021.707214
https://doi.org/10.1016/j.ejca.2021.06.015
https://doi.org/10.1056/NEJMoa2106391
https://doi.org/10.1056/NEJMoa2106391
https://doi.org/10.1001/jamanetworkopen.2023.14144
https://doi.org/10.1001/jamanetworkopen.2023.14144

	Abstract
	Introduction
	Molecular background of RCC
	The PD-1/PD-L1/CTLA-4 axis in RCC
	Neoangiogenesis in mRCC
	First-line therapies for mRCC

	ICIs in mRCC (dual-type combination)
	Nivolumab<?A3B2 show [CSF char="2009"]?> <?A3B2 show [/CSF]?>+<?A3B2 show [CSF char="2009"]?> <?A3B2 show [/CSF]?>ipilimumab

	VEGF inhibitors<?A3B2 show [CSF char="2009"]?> <?A3B2 show [/CSF]?>+<?A3B2 show [CSF char="2009"]?> <?A3B2 show [/CSF]?>ICIs in mRCC
	Pembrolizumab<?A3B2 show [CSF char="2009"]?> <?A3B2 show [/CSF]?>+<?A3B2 show [CSF char="2009"]?> <?A3B2 show [/CSF]?>axitinib
	Pembrolizumab<?A3B2 show [CSF char="2009"]?> <?A3B2 show [/CSF]?>+<?A3B2 show [CSF char="2009"]?> <?A3B2 show [/CSF]?>lenvatinib
	Nivolumab<?A3B2 show [CSF char="2009"]?> <?A3B2 show [/CSF]?>+<?A3B2 show [CSF char="2009"]?> <?A3B2 show [/CSF]?>cabozantinib

	Discussion
	Conclusions
	Authors’ contributions
	Disclosure statement
	Funding
	ORCID
	References

