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Abstract: 

Targeted therapies and immune checkpoint inhibitors have advanced the treatment landscape of Renal Cell 
Carcinoma (RCC) over the last decade. While checkpoint inhibitors have demonstrated survival benefit and are 
currently approved in the front-line and second-line settings, primary and secondary resistance is common. A 
comprehensive understanding of the mechanisms of immune evasion in RCC is therefore critical to the 
development of effective combination treatment strategies. This article reviews the current understanding of the 
different, yet coordinated, mechanisms adopted by RCC cells to evade immune killing; summarizes various 
aspects of clinical translation thus far, including the currently registered RCC clinical trials exploring agents in 
combination with checkpoint inhibitors; and provides perspectives on the current landscape and future 
directions for the field. 



I. Introduction:

Clear cell renal cell carcinoma (ccRCC) accounts for a large majority (~75-80%) of all RCC 1.  Non-clear cell 
renal cell carcinomas (nccRCC) include papillary, chromophobe, collecting duct, unclassified, and translocation 
carcinomas. In the 1990s, when IL-2 and IFN-α were studied in metastatic renal cancer, the selection criteria 
did not limit patients to clear cell histology 2, 3. Over the last two decades, however, after the Heidelberg 
classification of renal tumors 4 and starting with the randomized study investigating high dose vs low dose IL-2 
in RCC 5, large randomized ‘RCC’ trials have limited the selection criteria to clear cell histology, unless 
otherwise specified. Therefore, where unspecified in this review, ‘RCC’ mainly refers to clear cell histology.  

ccRCC is characterized by frequent biallelic inactivation of the Von Hippel–Lindau (VHL) gene, an example of 
a two-hit tumor suppressor gene pathogenesis 1, 6. Typically, one of the alleles has an inactivating intragenic 
mutation, while the other allele is deleted as part of a large chromosome 3p deletion (a region which also 
includes other tumor suppressor genes such as SETD2, BAP1 and PBRM1) 7. The VHL protein is a critical part 
of a complex (also composed of Elongin B, Elongin C, Cul2, and Rbx1) that functions as an E3 ubiquitin ligase 
tagging the prolyl-hydroxylated α subunits of hypoxia-inducible factor (HIF) transcription factors for 
proteasomal degradation 8, 9. In VHL wild type ccRCC tumors, mutations have bee 
n discovered in the gene encoding Elongin C 10. Put together, aberrant inactivation of the VHL-complex 
function and resulting HIF activation conferring a ‘pseudo-hypoxic signature’ is a central pathognomonic 
feature of ccRCC 1.  

The sequential events in the molecular etiopathogenesis of VHL inactivated metastatic RCC can therefore be 
grouped as follows: (i) loss of VHL activity (germline/somatic mutation + deletion/ inactivation of the wild-
type copy); (ii) constitutive activation of the HIF pathway due to loss of VHL activity and transcription of genes 
involved in angiogenesis, survival, anaerobic glycolysis, pentose phosphate pathway, epithelial–mesenchymal 
transition, invasion, and metastasis (iii) interactions of the HIF pathway with other oncogenic pathways; (iv) 
genome-wide epigenetic changes (potentially driven by an overactive HIF pathway) and the influence of 
epigenetics on various apoptotic, oncogenic, cell cycle regulatory and mismatch repair pathways (inhibition of 
multiple tumor suppressor genes); (v) immune evasion, fostered and driven by changes in the metabolome, 
genome and epigenome 1.  

RCC is considered an immunogenic tumor, with immunotherapy being a part of its treatment landscape for 
decades. Although interleukin 2 (IL-2) and interferon alpha (IFN-α) were used for treatment of metastatic RCC 
in the 1990s and early 2000s, they were effective in a small percentage of patients and had significant toxicity, 
often resulting in patients requiring intensive care for cytokine-driven hemodynamic instability (particularly 
with high dose IL-2). The advent of checkpoint blockade has advanced the field of immunotherapy in RCC, 
both in terms of efficacy and safety. However, a large percentage of RCC patients fail to respond to single agent 
or combination checkpoint blockade. Recently, the FDA approved two “checkpoint inhibitor plus tyrosine 
kinase inhibitor (TKI)” combinations in the first-line setting for advanced RCC: pembrolizumab (humanized 
anti-PD1 antibody) plus axitinib (small molecule TKI), and avelumab (fully human monoclonal anti-PD-L1) 
plus axitinib. Both combinations were tested against the TKI sunitinib in large, randomized, multi-center trials, 
and demonstrated improved median progression-free survival with a 4-5 month margin and superior overall 
response rates 11, 12. Notwithstanding these approvals, there is much room for improvement in combination 
strategies targeting immune evasion. As such, a comprehensive understanding of immune evasion mechanisms 



in RCC is needed to help develop more effective combinations that provide mechanistic and anti-tumor 
synergy. This review summarizes the currently known mechanisms of immune evasion in RCC, discusses 
various aspects of clinical translation to the bedside including the current landscape of clinical trials exploring 
combinations with anti-PD1/ PD-L1 agents, and provides perspectives on future directions for the field.  

II. Mechanisms of immune evasion in renal cell carcinoma:

[Figure 1: An illustration depicting the mechanisms of immune evasion in renal cell carcinoma.] 

There are a variety of mechanisms by which RCC evades the immune system. They can be categorizing into 
seven sub-sections: (i) immune checkpoint signaling; (ii) loss of antigen-presenting ability; (iii) tumor-
associated gangliosides; (iv) tumor-associated metabolites; (v) tumor-promoting immune cells in the 
microenvironment and their inhibitory cytokines; (vi) other mechanisms inhibiting effector CD8+ T cells and 
NK cells; and (vii) impaired immune cell trafficking. These mechanisms are depicted in Figure 1.   

(i) Immune checkpoint signaling

Immune checkpoints are inhibitory regulators of the immune system that are critical to maintaining self- 
tolerance and preventing autoimmunity. However, some cancers utilize these inhibitory regulatory to protect 
themselves from immune attack 13. In Table 1, we summarize immune checkpoint molecules involved in 
immune evasion in RCC, their mechanisms of action, and therapeutic targeting strategies. 

Checkpoint 
molecule 

Expressing 
Cells 

Role in Checkpoint Signaling and 
Immune Evasion 

Inhibitors: Preclinical Data 
or Clinical Use in RCC 

PD-L1 
(Programmed 
death ligand 1)/ 
PD-1 
(Programmed 
death 1) Axis 

PD-L1: Tumor 
cells, APCs 

PD-1: cytotoxic 
T and NK cells 

• PD-L1 inhibits PD-1 expressing
cytotoxic T cells and NK cells 14, 

15.

• Activation of the PD-1/ PD-L1
axis results in exhaustion of these
cytotoxic cells.

This axis has been targeted in 
RCC with significant clinical 
benefit (detailed in the clinical 
translation section of this 
review) 

CTLA-4 Cytotoxic T 
cells 

• Inducible receptor that binds with
B7-1/ B7-2 on antigen presenting
cells, leading to T cell inhibition

Ipilimumab, a monoclonal 
antibody (mAb) targeting 
CTLA-4 is approved for use in 
combination with anti-PD1 in 
the first line setting of 
advanced RCC 

B7-H4 Tumor-
associated 
macrophages 

• Negative regulator of cytotoxic T
cell response16

• Soluble levels of B7-H4 are
higher than normal in patients
with RCC17 and correlate with

Masking of B7-H4 with a 
specific blocking antibody has 
been shown to increase the 
cytotoxicity of T cells in 
ccRCC 19 



 
less differentiated tumors, higher 
invasive and metastatic potential, 
and a worse response to anti-
VEGF therapy 17, 18. 
  

Tim-3 (T cell 
immunoglobulin 
and mucin-
domain 
containing-3) 

T cells and 
innate immune 
cells 
(macrophages 
and dendritic 
cells)  

• Inhibitory receptor on T cells 
 

• Plays a key role in inhibiting Th1 
responses and the expression of 
cytokines such as IFN-γ. 
Overexpressed in ccRCC, and is 
associated with worse prognosis 
20. 
 

 

LAG-3 
(Lymphocyte 
activation gene-
3) 

T cells • Inhibitory receptor on T cells that 
has been recently shown to be an 
important immune checkpoint in 
RCC 21.  

 

PD1 blockade of Tumor 
infiltrating lymphocytes (TILs) 
and peripheral blood 
mononuclear cells isolated 
from RCC patients increased 
LAG-3 (but not Tim-3) 
expression. Dual blockade of 
PD-1 and LAG-3 increased 
IFNγ release with in vitro 
stimulation, suggesting that the 
combination may be a 
promising therapeutic strategy 
in RCC 21. 
 

HLA-G Tumor cells - 
membrane 
bound or soluble 

• Binds to its inhibitory receptors on 
effector immune cells (NK, T, B, 
monocyte/dendritic cells), and 
broadly inhibits the function of 
these cells 22. 

 
• Aberrant induction of HLA-G 

expression has been demonstrated 
in several malignancies, including 
RCC, and is associated with worse 
prognosis 23-25. 
 

 

HLA-E Tumor cells • Class Ib MHC molecule and is 
overexpressed in several cancers, 
including RCC 26, 27.  
 

• Binds to its receptors 
CD94/NKG2A, -B and -C on NK 
and T cells, and has a suppressive 
effect on these cells. 
 

 

Table 1. Checkpoint molecules and their role in immune checkpoint signaling and immune evasion. 



Put together, checkpoint interactions such as PD-1�� PD-L1, CTLA4��B7-1/2, TIM-3��Galectin-9, 
LAG-3��MCH II, play an important role in immune evasion of cancers. 

(ii) Loss of antigen-presenting ability

Major histocompatibility complex (MHC) class I molecules are highly polymorphic proteins that bind to 
antigenic peptides and present these peptides to cytotoxic T cells. Co-ordinated antigen processing and 
presentation facilitates effective anti-tumor immune function. Abnormalities in MHC class I have been reported 
in different tumor types leading to dysfunction in various steps of antigen processing. These abnormalities 
include structural alterations or dysregulation of HLA class I antigens, and of different HLA class I - associated 
antigen processing machinery (APM) components. Loss of expression/ function of HLA and APM components 
resulting in poor antigen presentation is an important mechanism of escaping immune surveillance in several 
cancers, including ccRCC.  

ccRCC has been reported to have a partial loss of HLA class I molecules in 39% of cases, and complete loss in 
6% 28. Down-regulation of genes needed for antigen processing, such as transporters associated with antigen 
processing (TAP)1 and TAP2, and the proteasomal components- low molecular weight proteins (LMP)2 and 
LMP7, has been reported in RCC 29. Furthermore, reduced expression of HLA heavy chain (HLAhc) and beta-
2-microglobulin (B2M) in ccRCC is associated with metastatic spread and worse prognosis 28.

(iii) Tumor-associated gangliosides

Gangliosides are structurally diverse acidic glycosphingolipids that are present in the plasma membranes and 
play an integral role in cell signaling, cell adhesion, and differentiation and growth. Increased expression of 
gangliosides and its shedding into the tumor microenvironment disrupts the normal functioning of T cells. 
Gangliosides derived from supernatants of RCC explants have been shown to inhibit IFN-γ production, 
downregulate Th1-type responses, and skew T-cell responses toward Th2-type 30. RCC- associated gangliosides 
have been shown to inhibit nuclear factor κ B (NF-κB) activation, and also reduce BCL-2 and BCL-X 
expression in effector T cells, thereby promoting apoptosis in these cells 31-33.  

Disialosyl globopentaosylceramide (DSGb5), is a ganglioside originally isolated from tissue extracts of RCC, 
and higher expression of DSGb5 is associated with lower recurrence-free survival in RCC 34. DSGb5 expressed 
on RCC cells binding to sialic acid-binding lg-like lectin 7 (Siglec-7) on NK cells, which leads to inhibition of 
NK cell cytotoxicity 35.  

(iv) Tumor-associated metabolites

Tumor-associated metabolites play an important role in immunosuppression in the cancer microenvironment, 
particularly so in ccRCC. This malignancy expresses high levels of metabolites such as lactate, 2-



hydroxyglutarate and kynurenine metabolites 36, which have been shown to have an inhibitory effect on various 
effector cells and portend poor prognosis in ccRCC 37-43.  

ccRCC is characterized by deletions and under-expression of L-2-hydroxyglutarate dehydrogenase (L2HGDH) 
which results in the aberrant accumulation of L-2-hydoxyglutarate (L2HG) 44. L2HG competitively inhibits the 
Ten-Eleven-Translocation (TET) enzymes, including TET2, which has been shown to have an important role in 
cancer immunity 15, 45. ccRCC is also characterized by loss of succinate dehydrogenase resulting in the 
accumulation of oncogenic succinate, which also inhibits the TET enzymes, further contributing to the 
widespread genomic aberrant hypermethylation in the malignancy 46, 47.  

(v) Tumor-promoting immune cells in the tumor microenvironment and their inhibitory cytokines

The tumor microenvironment (TME) is a heterogeneous network of cellular interactions that play a role in 
altering tumorigenesis into progression or suppression. The TME in RCC typically has a prominent immune cell 
infiltrate, including CD8+ T cells, NK cells, macrophages and dendritic cells. However, along with the effector 
cells, the TME in RCC is also characterized by several suppressive immune cell types that aid immune escape, 
summarized in Table 2:   

Tumor-Promoting 
Immune Cells 

Mechanism of Action 

Unique subset of dendritic 
cells 
(CD209+CD14+CD163+) 

• Highly infiltrated in RCC tissues and associated with an unfavorable Th1
cell balance and advanced stage in RCC 48

• Co-express macrophage markers (CD14, CD163) 48

• Secrete matrix metalloproteinase 9 (MMP9), and crosstalk with T-cells to
increase tumor-promoting TNF- α and reduce chemokines relevant for
Th1-polarized lymphocyte recruitment 48

Regulatory T cells (Tregs) 
(CD4+CD25+FOXP3+) 

• Exert an immunosuppressive effect on anti-tumor immune cells.
• Secrete suppressive cytokines such as transforming growth factor-β (TGF-
β) and IL-10, express CTLA-4 and promote tumor progression.

• Presence of high Tregs is associated with a poor prognosis in RCC 48, 49,
and a higher T effector/Treg ratio is associated with a lower recurrence rate
50

• Tregs in RCC have higher CXCR4 expression and CXCR4 receptor
antagonism reverses Treg immunosuppressive function 51-53

Myeloid derived 
suppressor cells (MDSCs) 

• Play a role in immune evasion in RCC 54

• Secrete suppressive cytokines such as IL-10 and TGF-β.
• Polymorphonuclear MDSCs and immature MDSCs are increased both

within the RCC tumor and peripheral blood compared to normal control.
• Targeting PMN MDSCs with CXCR2 blockade enhanced efficacy of anti-

PD1 in a syngeneic RCC mouse model (Renca)54

Tumor-associated 
macrophages (TAMs) 

• TAMs in RCC show a mixed M1/M2 phenotype.
• A higher M2 phenotype is associated with worse prognosis 55, 56



 
• M2 macrophages stimulate angiogenesis and also aid invasiveness through 

the secretion of cytokines and matrix metalloproteinases 55 
 

Effector TILs • Have an anergic signature in RCC (from exposure to inhibitory cytokines, 
metabolites, gangliosides and checkpoints) characterized by high 
diacylglycerol kinase α (DGKα) expression, low activation of extracellular 
signal-regulated kinase (ERK), c-Jun N-terminal kinase (JNK) and AKT 57 

• This anergic signature may in part explain why a higher number of 
intratumoral CD8+ cells in the ccRCC TME is associated with higher stage 
and worse prognosis 58. Of note, however, this prognostic impact of 
intratumoral CD8+ T cells in ccRCC was reported prior to the immune 
checkpoint inhibition era.  
 

Table 2. Summary of suppressive immune cell types that aid immune escape in RCC. 
 
 
 
(vi) Other mechanisms inhibiting effector CD8+ T cells and NK cells  
 
RCC cells are capable of directly inducing apoptosis in activated T cells via the FAS/FASL interaction and 
subsequent activation of caspases 31, 59. Activated T cells displayed increased apoptosis when cultured in the 
presence of FasL+ RCC tumors, and the degree of apoptosis was significantly reduced by introduction of a 
neutralizing anti-FasL antibody 31.  
 
NKG2D is an activating transmembrane glycoprotein receptor expressed on NK and T cells. The interaction of 
NKG2D with multiple ligands leads to the activation of NK cells and co-stimulation of CD8 T cells 60. RCC has 
been shown to have a marked under-expression of NKG2D ligands 61, thereby inhibiting this signal.  
 
 
(vii) Impaired immune cell trafficking  
 
Cell adhesion molecules (CAMs) such as intercellular cell adhesion molecule-1 (ICAM-1), vascular endothelial 
cell adhesion molecule-1 (VCAM-1), E-selectin, and P-selectin are responsible for recruiting leukocytes and 
mediating leukocytes extravasation to inflammatory sites 62, 63. When RCC cells are enriched with TNF-α, they 
counter immune recognition by decreasing ICAM-1, VCAM-1 and E-selectin expression 64, 65. Additionally, 
VHL loss in RCC downregulates VCAM-1 transcription independent of HIF and dependent on NF-κB 65. 
Higher levels of VCAM-1 are associated with better prognosis in RCC 65-68. Taken together, the ability of RCC 
to impair further leukocyte extravasation by reducing endothelial ICAM-1, VCAM-1 and E-selectin expression 
likely contributes to immune evasion to a small extent. However, given the reasonably prominent immune cell 
infiltrate in the RCC TME, this mechanism of immune evasion is likely of lesser clinical importance. 
 
 
It is important to recognize that RCC exhibits complex genetic intra-tumoral heterogeneity 69 that may 
contribute to significant variations in local mechanisms of immune evasion even between different parts of the 
same tumor.  
 



While checkpoint inhibitors (specifically anti-CTLA-4, anti-PD1 and anti-PDL1) have made the jump from 
bench to clinic in RCC, the other mechanisms of immune evasion are still under investigation for potential 
clinical utility.  

III. Clinical translation:

(i) Summary of evolution/ approval of drugs that directly activate the immune system against RCC

[Figure 2: FDA approvals of drugs that directly activate the immune system against renal cell carcinoma.] 

Activating the immune system against cancer has found considerable clinical application in RCC over the last 3 
decades. High dose IL-2 was approved for treatment in metastatic RCC in 1992 based on a pooled analysis of 
seven phase 2 studies, which reported an objective response rate of 15% (and complete response rate of 7%)70.  
IFN-α, although not FDA approved, was commonly used in the treatment of advanced RCC in the 1990s and 
2000s, and a part of the NCCN guidelines 71, 72. However, both these agents had anti-tumor activity only in a 
relatively small percentage of patients, although a considerable number of responses were ‘deep-partial’ or 
‘complete’. Their major drawback was the significant toxicity, often resulting in patients requiring intensive 
care treatment for cytokine-driven hemodynamic instability (particularly with high-dose IL-2). Nonetheless, 
their efficacy, albeit limited, laid the foundation for the application of immunotherapy in this malignancy.  

The advent of checkpoint blockade has revolutionized the field of immunotherapy in RCC, as in several other 
malignancies, both in terms of efficacy and safety. Today, anti-PD-1/ PD-L1 agents are approved both in the 
first line and second line settings for advanced RCC, and together with TKIs, have significantly advanced the 
collective efficacy of systemic treatment in this malignancy with far lesser toxicity than high-dose IL-2 or IFN-
α-based therapy.  

Nivolumab, a human IgG4 mAb that blocks PD-1, has been approved in the second line setting after disease 
progression on a TKI 73. Nivolumab has also been approved in the first line setting in combination with 
ipilimumab (a mAb that blocks CTLA-4) in intermediate and poor risk RCC 74. Pembrolizumab, a humanized 
anti-PD1 antibody, has been approved in the first line setting in combination with axitinib (a small molecule 
TKI) 11. Avelumab, a fully human mAb that targets PD-L1, has also been approved in the first line setting in 
combination with axitinib 12. (FDA approvals of drugs that directly activate the immune system against renal 
cell carcinoma11, 12, 70, 73-75 depicted in Figure 2.) 

The PD-1/ PD-L1 axis holds particularly significant therapeutic promise in sarcomatoid RCC, a highly 
aggressive form of RCC characterized by spindle cells, high cellularity and cellular atypia, which can be a 
component of either clear cell or non-clear cell histologies. In one study, intra-tumoral PD-1 and PD-L1 
expression was found in 96% and 54% of sarcomatoid RCC, compared to 62% and 17% of ccRCC specimens 
76. Furthermore, co-expression of PD-L1 on tumor cells and PD-1 on TILs was found in 50% of all sarcomatoid
RCC cases, compared to only 3% with ccRCC 76. In keeping with these findings, evidence from a single
institution retrospective study indicates that checkpoint blockade may be very beneficial in patients with



 
metastatic RCC and sarcomatoid differentiation, with an objective response rate of 62% and a complete 
response rate of 15% 77. 
 
The expression of PD-L1 in RCC has been shown to have a weak correlation between primary tumor and 
metastatic sites 78. Furthermore, robust objective responses with anti-PD1/ PD-L1 agents have also been seen 
without PD-L1 immunohistochemical positivity 79. In clinical practice, therefore, pre-treatment PD-L1 
immunohistochemistry does not have a significant role in consideration for anti-PD1/ PD-L1 therapy, as it does 
in some other malignancies. It is quite likely that the well-known intra-tumoral heterogeneity in RCC 69 (apart 
from inter-tumor heterogeneity) with under/ over-representation of PDL1 expression with single biopsy samples 
partly accounts for this lack of strong correlation. Dynamic changes in PDL1 expression may also be a 
contributing factor 80.  
 
Interestingly, loss of PBRM1 has recently been shown to be associated with a non-immunogenic tumor 
phenotype in RCC, with resistance to checkpoint inhibition 81. PBRM1 deficiency reduces the binding of 
brahma-related gene 1 (BRG1) to the IFNγ receptor 2 (Ifngr2) promoter, thereby decreasing STAT1 
phosphorylation and subsequent expression of IFNγ target genes 81. Genetic determinants and other biomarkers 
of response to immunotherapy in RCC is an active area of investigation.  
 
Although this review does not cover nccRCC (papillary, chromophobe, collecting duct, unclassified, and 
translocation carcinomas) in depth, preliminary data suggests that single agent anti-PD1 immunotherapy can be 
effective in treating nccRCC as well. Results from KEYNOTE-427 cohort B presented at ASCO GU 2019 
reported an overall response rate of 25.4% in 118 patients with papillary subtype; 9.5% in 21 patients with 
chromophobe subtype; and 34.6% in 26 patients with unclassified histology 82.  
 
 
(ii) Current landscape of RCC clinical trials exploring agents/ modalities in combination with anti-PD1/ PD-
L1 checkpoint inhibition 
 
[Figure 3: Different modalities/ agents currently being explored in combination with anti-PD1/ PD-L1 
checkpoint inhibition in renal cell carcinoma clinical trials. 
 
Supplemental Table: Ongoing RCC clinical trials with combination treatment strategies involving anti-PD-1/ 
PD-L1 checkpoint inhibition and supporting preclinical/ clinical studies.]  
 
Several agents are currently being explored in clinical trials in combination with anti-PD1/ PD-L1 checkpoint 
inhibition. These agents can be grouped as depicted in Figure 3. The Supplemental Table summarizes the 
ongoing RCC clinical trials with combination treatment strategies involving anti-PD1/ PD-L1 checkpoint 
inhibition, and details the pre-clinical rationale particularly in animal models.   
 
 
(iii) Immune checkpoint inhibitor- induced nephritis  
 
Immune-related adverse events are the major side effects of checkpoint inhibitor therapy 83. These autoimmune 
side effects have a wide range of manifestations, are currently largely unpredictable, and depend on the organ 
affected by the autoimmunity 83. Although a less common checkpoint inhibitor- induced side effect than 
autoimmune pneumonitis/ colitis/ thyroiditis, autoimmune nephritis is well described and seen in a small 



 
minority of patients that receive immune checkpoint inhibitors 84, 85. It is interesting to note that the predominant 
pathology of checkpoint inhibitor- induced autoimmune nephritis is tubulointerstitial nephritis, although 
membranous glomerulonephritis, IgA nephropathy, minimal change disease, and focal necrotizing 
glomerulonephritis have also been reported 84.  
 
Glucocorticoids are the preferred first line immunosuppressive agents to treat checkpoint inhibitor- induced 
autoimmune nephritis. Close collaboration between the nephrologist and treating oncologist helps ensure 
optimal management of checkpoint inhibitor- induced autoimmune nephritis. A management algorithm has 
been suggested 84.  
 
 
 
 
 

IV. Perspectives on current landscape and future directions:  
 
 
(i) Much room for improvement, and current lack of combinatorial vs sequential treatment comparison 
 
The PD-1/PD-L1 axis holds tremendous significance in the current treatment landscape of advanced ccRCC 86. 
While not discussed in depth in this review, the axis is also a promising target in nccRCC based on preliminary 
results 82. As can be ascertained from the supplemental table, enhancing the efficacy of PD-1/ PD-L1 
checkpoint inhibition is an area of major current interest in translational kidney cancer research. 
Notwithstanding the recent approvals of ‘Pembrolizumab plus Axitinib’, ‘Avelumab plus Axinitib’ and 
‘Nivolumab plus Ipilimumab’ in the first line setting, there is much room for improvement in combination 
strategies targeting immune evasion.  
 
Although the above three regimens have higher response rates than single agent TKI in the first line setting, the 
combination has not been compared to sequential treatment of single agent TKI followed by single agent anti-
PD1. Therefore, until these comparisons are made available, the approved combinations above appear to hold a 
distinct advantage mainly in poor risk or poor-leaning intermediate risk disease in which a robust upfront 
response is desired. In favorable risk and favorable-leaning intermediate risk groups, however, a detailed and 
thorough discussion with patients regarding the potential benefits and risks of upfront combination versus 
sequential strategy is particularly important, with consideration given to disease burden, rapidity of progression, 
overall functional status and co-morbidities, as well as patients’ perspectives and preferences based on potential 
benefits and risks. While most adverse effects are manageable with appropriate clinical intervention (be it 
symptom-specific medical management or dose reduction (TKIs) or steroids for checkpoint inhibition-induced 
autoimmune side effects or drug discontinuation for severe side effects) a small minority of patients receiving 
checkpoint inhibition develop severe steroid-refractory autoimmune manifestations which can be life 
threatening. Currently, there is no strategy to predict this risk prior to treatment initiation. 
 
 
(ii) What is unique about immune evasion and resistance to checkpoint inhibition in RCC? 
  



 
Of all the mechanisms of immune evasion described above that resist checkpoint inhibition in RCC, perhaps the 
most significant are aberrant metabolites and gangliosides secreted by tumor cells, and inhibitory cytokines in 
the tumor microenvironment. The rationale for this conceptualization is that unlike ‘cold tumors’ with poor 
immune cell infiltration such as prostate cancer and large cell lymphoma, clear cell RCC is characterized with a 
reasonably prominent immune cell infiltrate 48, 87, 88, which suggests that immune recognition of the tumor per se 
may not be as clinically significant as the other evasion mechanisms inhibiting effector immune cells.  It is 
unclear to what extent the partial loss of HLA class 1 molecules reported in nearly 40% of RCC 28 affects the 
magnitude of immune cell infiltration. Interestingly, although anti-PD1 has been approved in all solid tumors 
with mismatch repair (MMR) deficiency, the landmark paper that led to the approval demonstrating an 
objective response rate of 53% across several tumor types with MMR deficiency, did not involve RCC 89. 
About 1% of ccRCC tumors are MSI-high 90, but it is unknown whether their response to single agent anti-PD1 
is as robust as that in other tumor types. In addition, the spontaneous regression of metastatic sites after 
nephrectomy or embolization of the primary tumor is a rare (estimated to be ~1%) but well-known phenomenon 
in this malignancy 91. It is a relatively unique feature of ccRCC, and possibly secondary to a decrease in 
circulating metabolites and gangliosides releasing the brakes of anti-tumor immunity at the distant sites.  Put 
together, these studies suggest that the primary mechanisms of immune evasion that resist anti-PD1/ PD-L1 
checkpoint inhibition may be somewhat different in RCC compared to other solid malignancies. While in most 
other solid tumors, increasing immune recognition and effector immune cell infiltration within the tumor 
microenvironment appears to be a critical step to enhance anti-PD1/ PD-L1 efficacy (as suggested by the 
markedly enhanced clinical response with MMR deficiency), in clear cell RCC, it does not appear to be a 
critical factor.   
 
Given the marked contribution of tumor cells in mediating immune evasion by inhibiting effector immune cells 
via metabolites and gangliosides, drugs/ modalities that target tumor cells (without significantly inhibiting 
effector immune cells) would be expected, at least theoretically, to enhance anti-tumor immunity.  
 
 
(iii) Lack of a reliable pre-clinical model  
 
The lack of a reliable, well-representative preclinical syngeneic or humanized mouse model is a major 
hindrance in ccRCC translational immunology research. Renca, a syngeneic renal carcinoma mouse model, is 
perhaps the best model currently available, but does not possess the pathognomonic VHL loss and over-
activation of HIFs seen in human ccRCC. Furthermore, the combination of nivolumab and ipilimumab showed 
no anti-cancer effect in the Renca model 92, but had an objective response rate of 42% in the first line setting of 
intermediate- poor risk advanced ccRCC patients, with a complete response rate of 9% 74. It would be of interest 
to determine whether CRISPR-induced VHL knockout Renca is more representative of the anti-tumor response 
in humans.  
 
Given the lack of a reliable pre-clinical model, several agents are being investigated in the clinical setting 
without evidence of anti-tumor response in a pre-clinical syngeneic or humanized kidney cancer model 
(supplemental table). Until we have a representative model, it would be prudent for the ccRCC translational 
research community to mandate a pre-requisite of both pre-clinical anti-tumor response (even if in syngeneic 
models of other malignancies) as well as synergistic combinatorial mechanisms, prior to undertaking clinical 
exploration.  



 
 
Along the same line, a comprehensive evaluation of possible autoimmune side effects in preclinical models 
evaluating immunotherapy combinations is seldom reported. Such a comprehensive evaluation would include 
not just detailed physical examination 93 but also blood/ urine examination to look for organ dysfunction 94, 95 as 
well as histopathologic examination of tissues 96. Such a preclinical model has been recently reported 96 where 
immune-related adverse events appeared with certain combinations because of an infiltration of activated 
proliferating effector T cells in the tissues producing IFNγ. It would be beneficial to require these reports on 
adverse events in pre-clinical models to be made publicly available prior to their exploration in humans, when 
the agent/s being explored is/are not known to be safe in humans.  
 
 
(iv) Financial considerations and logistics 
 
Another real-world hindrance is the enormous financial investment required today for rigorous clinical 
exploration. Agents that have shown remarkable pre-clinical efficacy in combination with checkpoint inhibition 
but are not ‘patentable’ or ‘profitable’ have a markedly tougher road to effective translation- even if they have 
been shown to be safe and well-tolerated in cancer patients. As an example, high dose ascorbic acid has been 
recently shown to synergistically enhance the efficacy of checkpoint inhibition 15, 97, is known to be safe and 
well tolerated in cancer patients 98, and deserves clinical exploration in combination with checkpoint inhibition. 
However, financial considerations and logistics impede such exploration. It would take a massive, coordinated, 
undertaking from the translational cancer research community, government, philanthropic foundations, and 
pharmaceutical companies in giving these agents a fair shot at translation to the clinical setting for the benefit of 
cancer patients.  
 
 
(v) Concluding remarks  
 
In conclusion, the future of combination treatment involving checkpoint inhibition in ccRCC holds much 
promise, with recently approved regimens of pembrolizumab plus axitinib, avelumab plus axinitib, and 
nivolumab plus ipilimumab leading the way and serving as a springboard for combinatorial exploration.  
Strategic investments in developing reliable, representative, pre-clinical syngeneic or humanized models would 
go a long way in enhancing the pace of effective translation. Several agents that target/ influence different 
mechanisms of immune evasion are currently being explored in the clinical setting in combination with 
checkpoint inhibition. 
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Figure Legends: 
 
Figure 1. An illustration depicting the mechanisms of immune evasion in renal cell carcinoma. 
(i) Immune checkpoints: cytotoxic cell inhibitory interactions such as PD-1 �� PD-L1, CTLA4 �� B7-
1/2, TIM-3 �� Galectin-9, LAG-3 �� MCH II  (as depicted) 
(ii) Poor antigen-presenting ability: Changes in HLA expression/APM (antigen processing machinery) result 
in loss of antigen-presenting ability. 
(iii) Tumor-associated gangliosides: decrease lymphocyte expression of Bcl-2 and Bcl-xL, and also inhibit 
NF-kb to prompt T cell pro-apoptotic events. DSGb5 (a membrane ganglioside on RCC cells) binds to Siglec-7 
on NK cells to dampen cytolytic activity. 
(iv) Tumor- associated metabolites: metabolites such as lactate, hydroxyglutarate, kynurenine, succinate etc. 
released by RCC cells inhibit effector immune cells. 
(v) Tumor-promoting immune cells in the microenvironment and their inhibitory cytokines: such as 
Interleukin-10 and TGF-beta, released by T regs, MDSCs, and M2 macrophages 
(vi) Other mechanisms inhibiting effector CD8+ T cells and NK cells: Reduced expression of NKG2D 
ligands and immune checkpoints also contribute to reduced NK cytolytic activity. Direct induction of cytotoxic 
T cell apoptosis via the FAS��FASL interaction and subsequent activation of caspases.  
[Not depicted: (vii). Impaired immune cell trafficking] 
(Abbreviations- LMP: Latent membrane protein; TAP1: Transporter 1;   PD-1: Programmed cell death protein 1;  PD-
L1: Programmed death-ligand 1;  TIM-3: T cell immunoglobulin and mucin domain-containing protein 3;   LAG3: 
Lymphocyte-activation gene 3;  DSGb5: Disialosyl globopentaosylceramide;   Siglec7: Sialic acid-binding 
immunoglobulin-like lectin-7;  Bcl-2: B-cell lymphoma 2;  BAX: Bcl-2-associated X)  

 
Figure 2. FDA approvals of drugs that directly activate the immune system against renal cell carcinoma.  
(Abbreviations- ORR: Objective response rate; PFS: Progression-free survival; OS: Overall survival; Bev: Bevacizumab; 
IFNα: Interferon alpha 2a; Nivo: Nivolumab; Pembro: Pembrolizumab; Axi: Axitinib; Ave: Avelumab; Ref: Reference) 

 
Figure 3. Different modalities/ agents currently being explored in combination with anti-PD1/ PD-L1 
checkpoint inhibition in renal cell carcinoma clinical trials. 
(Abbreviations- IMRT: Intensity-modulated radiation therapy; IGRT: Image-guided radiation therapy; CSF1R: Colony 
Stimulating Factor 1 Receptor; ICOS: Inducible T Cell Costimulator; mTOR: mammalian target of rapamycin) 
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Supplemental Table: Ongoing RCC clinical trials with combination treatment strategies involving anti-PD-1/ 
PD-L1 checkpoint inhibition and supporting preclinical/ clinical studies. 
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• Cytoreductive nephrectomy

• Conformal radiation therapy or by IMRT/IGRT

• Anti-angiogenesis agents: Lenvatinib, Cabozantinib,
Sitravatinib, Axitinib, Bevacizumab

• Other checkpoint inhibitors: Ipilimumab
(anti-CTLA4), CPI-444 (anti-adenosine A2A receptor),
KY1044 (human anti-ICOS monoclonal antibody)

• Cytokine therapy: High dose IL-2

• Other immune activation agents: Cabiralizumab
(humanized immunoglobulin G (IgG) 4 monoclonal
antibody against CSF1R). APX005M (humanized
immunoglobulin G (IgG) 1agonistic monoclonal
antibody for CD40). MRx0518 (live biotherapeutic
product consisting of a lyophilized formulation of a
proprietary strain of bacterium)

• Aberrant metabolism-targeting therapy: 
CB-839 (Glutaminase inhibitor), LY3381916
(anti- IDO-1 agent)

• Epigenetic therapy: Guadecitabine (DNA
methyltransferase inhibitor), Entinostat (histone
deacetylase inhibitor)

• Other: Everolimus (mTOR inhibitor) 
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