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Introduction:  Renal cell carcinoma is as the most 
prevalent form of kidney cancer, with the clear cell subtype 
comprising approximately 75% of cases.  The identification 
of predictive and prognostic biomarkers has emerged 
as a crucial area of research within the field.  Despite 
advancements in treatment, metastatic renal cell carcinoma 
presents formidable challenges, with survival rates heavily 
dependent upon the optimal choice of treatment. 
Materials and methods:  This review summarizes the 
current literature regarding the prognostic and predictive 
value of biomarkers in patients with renal cell carcinoma.  
We conducted a comprehensive literature search to 
identify studies that reference biomarkers of interest in 
this domain. 
We selected studies based on their relevance, publication 
date, and the quality of the research.  Data from these 
selected papers were compiled and analyzed to provide an 

overview of the current understanding and advancements 
in the field.  The findings were then synthesized into a 
concise discussion highlighting the state of biomarker 
research in renal cell carcinoma today.
Results and conclusions:  While various nucleic acid 
and protein biomarkers have shown promise in other 
malignancies, their application in renal cell carcinoma 
remains limited by the lack of validated predictors.  
This review aims to highlight the pressing need for 
robust predictive and prognostic biomarkers in renal 
cell carcinoma to guide clinicians in tailoring optimal 
therapeutic strategies.  The discussion encompasses 
the limitations of existing markers and underscores the 
significance of the most recent advancements within the 
field.  Despite these strides, the clinical application of 
renal cell carcinoma biomarkers requires further study 
and validation. 
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while the remainder as non-clear cell RCC.2  A majority 
of patients present with localized disease amenable 
to local management strategies.  However, roughly 
one-third of patients present with distant metastatic 
disease, either initially or after previous curative 
intent treatment.3  Survival statistics depend highly 
on the initial stage at diagnosis, with estimated 5-year 
survival for patients with localized and distant disease 
is 93% and 15.3%, respectively.4  

Over the last several years, we have an improved 
understanding of the molecular underpinnings of 
metastatic renal cell carcinoma (mRCC) and have 
discerned key features to the biology that has led to 
many advancements in disease treatment, resulting 

Introduction

Renal cell carcinoma (RCC) is the most common 
form of kidney cancer.  In 2023, there were 81,800 
estimated new cases, accounting for 14,000 deaths in 
the United States.1  Approximately 75% of cases are 
histologically classified as clear cell RCC (ccRCC), 
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in a paradigm shift in disease management.  As such, 
Briggs et al described that the treatment of mRCC can 
be broken into three separate eras.5 
1.	 In the 1980s and 1990s, the use of immunotherapy 

agents, such as interferon-alpha or high-dose 
interleukin-2, were found to have activity against 
the disease.  Response rates were low, but these 
agents could achieve long term remission in a 
minority of patients.  Interferon-alpha use was 
more accepted by the medical oncology community 
for patients with high risk or metastatic disease, 
although side effects were limiting. The use of 
high dose interleukin-2 was limited to few centers 
because of risk of life-threatening toxicity. 

2.	 During the early 2000s, new knowledge regarding 
angiogenic growth patterns of renal cancer led to the 
next era of treatment with agents targeting vascular 
endothelial growth factor (VEGF) or the VEGF 
receptor (VEGFR).  These agents were significantly 
better tolerated and more widely accepted by 
medical oncologists and shown to improve survival 
of patients with metastatic disease.6  The use of 
VEGF inhibitors as adjuvant therapy for patients 
with high-risk resected tumors was studied in 
four prospective randomized trials; none showed 
a survival advantage and only one showed a small 
benefit in relapse free survival.7-10  Within these 
trials, clinical predictors including the Memorial 
Sloan Kettering Cancer Center (MSKCC) risk tool 
and the International Metastatic RCC Database 
Consortium (IMDC) score were correlated with 
patient outcomes, however, alternative biomarkers 
were not evaluated. 

3.	 During the past decade potent immuno-oncology 
(IO) agents directed against PD-1, PD-L1 and 
CTLA-4 have been developed and studied as single 
agents or in combination.11  The combination of 
PD-1 and CTLA-4 targeted agents (IO/IO) has 
provided durable responses, with a subset of 
patients continuing to demonstrate a response for 
> 60 months.12  In addition, the combination of IO 
with a tyrosine kinase inhibitor (TKI) has similarly 
provided durable responses with long term 
survivorship.  The choice of initial treatment can be 
difficult because no prospective randomized trial 
has been conducted to directly compare treatment 
efficacy or survival in patients treated with IO/
IO versus IO/TKI.13  Outside of the IMDC and 
MSKCC criteria, which were validated in the era 
of anti-angiogenesis monotherapies, we presently 
lack predictive or prognostic biomarkers to aid in 
the selection of initial therapy for patients with 
metastatic RCC.   

Advances in molecular technology have changed 
the way that we view the biology of cancer.  Biomarkers 
consist of different molecules that can be measured in 
tumor specimens or in bodily fluids.  These molecules 
can include proteins and nucleic acids.  Potentially 
useful biomarkers would include DNA, RNA, specific 
DNA mutations, proteins associated with immune 
response and angiogenesis.  Several nucleic acid and 
protein biomarkers have been shown to be of strong 
predictive value in the treatment of other malignancies.  
Some examples include HER2 for breast, stomach, or 
esophageal cancers, BRAF for thyroid and skin cancers, 
and BCR-ABL in leukemia.  At this time, clinically 
useful predictive markers have not yet been discovered 
to aid in the selection of therapy for patients with renal 
cell carcinoma.  Given their potential ability to change 
management strategies upon better understanding of 
their prognostic and predictive nature, it may allow for 
more personalized treatment for individual patients 
and improved overall outcomes. 

While validated biomarkers for patients with 
RCC are lacking, several clinical criteria, genomic 
and transcriptomic based approaches of disease 
characterization have been explored.  Our review 
will aim to evaluate the advancements in biomarker 
development for patients with renal cell carcinoma. 

Routine clinical parameters as biomarkers

Prior to the International Metastatic RCC Database 
Consortium (IMDC) score, the most widely utilized 
prognostic factor model for RCC came from the 

TABLE 1. Risk assessment for metastatic renal cell 
carcinoma according to the International Metastatic 
RCC Database Consortium (IMDC)   

	 	  
IMDC-risk factors (1 point for each)
Karnofsky performance status < 80%
Time from initial diagnosis to initiation of systemic 
therapy < 1 year
Hemoglobin level < lower limit of normal (LLN)
Corrected serum calcium > upper limit of normal 
(ULN)
Absolute neutrophil count > ULN
Platelet count > ULN

Risk profile
Score: 0	 Favorable
Score: 1-2	 Intermediate
Score: ≥ 3	 Poor
LLN = lower limit of normal; ULN = upper limit of normal
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Memorial Sloan-Kettering Cancer Center (MSKCC), 
which examined 463 patients with mRCC enrolled in 
clinical trials and treated with interferon.14  In the era of 
VEGF-targeted therapies, the IMDC was first proposed 
in 2009 and is employed in guideline recommendations 
for treatment of mRCC.14-16  It includes criteria (as 
referenced in Table 1) that will stratify patients into 
either a favorable, intermediate, or poor risk profile.  
These criteria were developed based on multi-
institutional, retrospective case studies involving 645 
patients with mRCC treated with sunitinib, sorafenib, 
or bevacizumab plus interferon.17  One point is given 
for variations in the patient’s Karnofsky performance 
status, serum hemoglobin level, corrected serum 
calcium, neutrophil count, platelet count, and time 
from initial RCC diagnosis to start of therapy.  Survival 
estimates differ among each risk groups, and thus 
frontline combination therapy trials have incorporated 
the criteria as stratification criteria.

The integration of the IMDC criteria into frontline 
trials, including the CheckMate 214, KEYNOTE-426, 
and CheckMate 9ER studies, underscores its significance 
as a prognostic tool in guiding treatment decisions for 
mRCC.  Notably, across these trials, a consistent signal 
towards the efficacy of combination therapy involving 
immune checkpoint inhibitors and tyrosine kinase 
inhibitors (TKIs) emerged in all risk groups as defined 
by the IMDC criteria.

In CheckMate 214, for instance, favorable-risk 
patients exhibited a higher objective response rate 
(ORR) and longer progression-free survival (PFS) 
when treated with sunitinib compared to those 
receiving nivolumab plus ipilimumab.18  Conversely, 
intermediate- and poor-risk patients demonstrated 
longer overall survival (OS) and higher ORR with the 
combination of nivolumab and ipilimumab. 

The recognition of IMDC criteria by regulatory 
bodies such as the Food and Drug Administration 
(FDA), as evidenced by its integration in approval 
processes, as well as guideline recommendations 
employing IMDC criteria to inform treatment 
algorithms, highlights the value of the criteria as a tool 
predictive of response.  

Interpreting the differential response to therapies 
based on IMDC risk groups sheds light on underlying 
tumor biology.  Favorable-risk patients may exhibit 
a more angiogenic phenotype, rendering the tumors 
more responsive to anti-angiogenic therapies.  
Conversely, intermediate- and poor-risk patients 
may be associated with a higher tumor burden due to 
immune evasion mechanisms, thus benefiting more 
from an immunotherapy approach involving immune 
checkpoint inhibition.  This dichotomy suggests that 

IMDC criteria may serve as a surrogate marker for 
distinct tumor microenvironment characteristics with 
favorable-risk tumors leaning towards angiogenesis 
and poor-risk tumors showing a more immunogenic 
profile. 

Attempts to improve the IMDC prognostic 
model has included addition of commonly used 
laboratory and clinical factors.  The neutrophil-
to-lymphocyte ratio (NLR) is an additional tool 
which may support clinicals in treatment selection.  
NLR was devised with the biologic rationale that 
tumor-induced local and systemic inflammation 
contributes to the development and progression 
of malignancy.19,20  Neutrophils release cytokines, 
chemokines, and other inflammatory mediators may 
promote cancer progression by directly affecting the 
tumor’s microenvironment by upregulating VEGF 
and promoting tumor angiogenesis.21  Presence of 
lymphocytes are associated with better therapeutic 
responses from a known dominant role in antitumor 
effect.22  Thus, an increased circulating NLR may 
indicate poorer outcomes in patients, whereas a 
decreased NLR may reflect impaired cell-mediated 
immunity and potential for better responses with 
immunotherapy.  The predictive value of NLR and 
the efficacy of immunotherapy has been explored in 
several solid tumors, including lung, gastrointestinal, 
and ovarian tumors.23-25  In these tumors, it has been 
described that elevated pre-treatment NLR may be 
associated with a shorter OS and lower ORR.  While 
there are only a few small studies that have looked into 
this phenomenon in RCC, Chen et al, summarized that 
high blood NLR was associated with poor OS and PFS 
in patients treated with immune checkpoint inhibitors 
(ICIs), indicating that NLR may have potential as a 
prognostic and predictive indicator to direct clinical 
decision-making.19  

In essence, the concept of IMDC criteria as a 
biomarker stems from its ability to stratify patients 
based on underlying tumor biology, guiding 
therapeutic choices towards personalized medicine 
approaches in mRCC.  As our understanding of the 
molecular landscape of RCC evolves, the role of IMDC 
criteria is poised to expand, potentially facilitating 
the development of novel targeted therapies tailed to 
specific tumor phenotypes. 

Histologic predictors of outcomes

The histologic type of renal carcinoma has been shown 
to be of prognostic value in several retrospective 
series.  A series of 2,215 metastatic patients collected 
from the IMDC were treated with VEGF and mTOR 
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targeted therapies.  This study showed worse overall 
survival for patients with non-clear cell histology, 
compared to clear cell histology.  However, the IMDC 
model was prognostic for outcomes for the non-clear 
cell patients, 93% of which were treated with a VEGF 
targeted therapy.26 

Certain histologic types of non-clear cell RCC have 
been associated with worse prognoses.  Sarcomatoid 
and rhabdoid features are associated with aggressive 
clinical course, resistance to VEGF directed therapy 
and shorter survival.27,28  However, these aggressive 
phenotypes have been associated with improved 
survival when treated with nivolumab plus ipilimumab 
compared to sunitinib (Hazard ratio 0.46 [95% CI, 0.29 
to 71]; p = .0004).29 

Immunotherapy-VEGF based combinations for 
patients with other types of non-clear-cell carcinoma 
such as papillary, chromophobe and collecting duct 
histology have not been studied extensively.  However, 
phase II studies report significant activity, especially 
for patients with papillary histology.  The combination 
of cabozantinib plus nivolumab showed promising 
efficacy in most non–clear-cell RCC variants, especially 
for those with papillary features.30  

A similarly designed phase II trial reported that 
pembrolizumab plus lenvatinib resulted in significant 
activity in patients with untreated advanced non-
clear-cell renal cell carcinoma.  This trial evaluated 158 
patients with papillary, chromophobe or unclassified 
RCC.  The overall response rate was 49% (95% CI 
41-57), including nine (6%) patients with a confirmed 
complete response.31  It is presently clear that the use of 
histology alone is inadequate for selecting the optimal 
treatment for patients with advanced stage RCC.  
Genomic or other biomarkers with stronger predictive 
value are needed both in clear cell and non–clear-cell 
RCC to better select treatment.

Immuno-oncology markers 

Programmed death receptor ligand 1
The first and most widely biomarkers in the realm of 
immune checkpoint blockade is programmed death 
receptor ligand 1 (PD-L1).  Analysis of PD-L1 expression 
on tumor cells and tumor-infiltrating immune cells was 
originally studied by immunohistochemistry (IHC) to 
establish a potential correlation between expression 
and treatment response.  Various scoring methods for 
PD-L1 staining have been developed, including the 
combined positivity score (CPS), inflammatory cell 
(IC) score, and tumor proportion score (TPS).  High 
level evidence demonstrating superiority or validation 
supporting a particular scoring system is lacking in the 

metastatic and locally advanced RCC setting, making 
it difficult to compare trials and determine whether 
PD-L1 is a suitable predictor of a response to immune 
checkpoint inhibition. 

Rates of PD-L1 expression are highly variable 
across studies involving solid tumor malignancies with 
enhanced response to ICIs (i.e., NSCLC, melanoma) 
and reduced sensitivity (i.e., colorectal carcinoma or 
sarcoma).  Patel et al described the variability of PD-L1 
expression across different tumor types, which ranged 
between 12% to 100%, depending upon the tumor type, 
stage and assay used.  With RCC specifically, PD-L1 
expression is observed to range from 14% to 54% of 
tumors.32 

In the setting of metastatic RCC, several studies have 
indicated that the expression of PD-L1 on tumor cells 
signifies a worse prognosis.  One retrospective study 
in particular by Kahlmeyer et al described that patients 
with PD-L1 expressing tumors often present with higher 
stage disease, have a lack of response to TKI therapy, and 
overall have poorer outcomes.33  Additionally, a recent 
meta-analysis evaluated over 1,300 patients with all 
stages of RCC, who received various treatments. 24% of 
tumors evaluated expressedPD-L1.  When the analysis 
was limited to studies that used IHC as opposed to 
(ELISA), higher expression of PD-L1 was associated 
with significantly greater risk of death (HR; 2.05, 95 % 
CI 1.38–3.05; p < 0.001).34  

With regards to RCC in the adjuvant setting, the phase 
III KEYNOTE-564 randomized control trial compared 
the use of pembrolizumab to placebo for high-risk 
patients who had previously underwent nephrectomy.35  
This trial showed a significant benefit in DFS at 2 
years, 77% versus 68% for the pembrolizumab treated 
group versus the placebo group, respectively.  The only 
biomarker reported in the analysis was PD-L1.  In the 
subgroup of the patients (n = 748) with PD-L1 combined 
positive score > 1, treatment with pembrolizumab was 
associated with statistically significant improvement 
in DFS [Hazard ratio 0.67 (0.51-0.88)].  In the subgroup 
of patient tumors with PD-L1 < 1 (n = 237), no benefit 
in DFS was observed.  As nicely exemplified by these 
results, there may be a benefit to immunotherapy in the 
adjuvant setting, further study is warranted. 

As seen with a variety of malignancies, the presence 
and quantification of PD-L1 expression has been 
useful as a predictive biomarker to assess patient’s 
responsiveness to immune checkpoint inhibition.  Some 
examples of this include urothelial, gastrointestinal, and 
non-small cell lung cancers.36  However, in metastatic 
RCC, the potential predictive value remains uncertain 
as there is a paucity of data any correlation between PD-
L1 expression and response to ICIs.  Some examples in 
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the front-line setting included KEYNOTE-426, which on 
extended follow up study showed that pembrolizumab 
plus axitinib continues to have superior outcomes in 
terms of PFS, OS, and ORR over sunitinib.37  These 
findings were irrespective of PD-L1 expression status.  
Five-year data from CheckMate 214 continued to 
show that dual checkpoint inhibition with nivolumab 
plus ipilimumab sustained clinical benefit in patients 
with advanced/metastatic RCC (including those with 
sarcomatoid features) as they conferred higher response 
rates and longer survival times compared to sunitinib.38  
The longer OS and higher ORR were observed across 
tumor PD-L1 expression levels, although the magnitude 
of the benefits appeared to be greater in patients with PD-
L1 expression ≥ 1% compared to those with < 1% (HR; 
0.57, 95 % CI 0.40 –0.82; p < 0.01).  Interim analysis data 
from JAVELIN Renal 101 revealed consistent benefits 
of avelumab and axitinib, compared to sunitinib, across 
stratifications of IMDC groups and PD-L1 status (HR; 
0.643, 95 % CI 0.512–0.806; p < 0.001).39  In previously 
treated patients, extended follow-up of CheckMate 
025 showed superior OS and ORR in patients with 
advanced or mRCC treated with nivolumab than those 
treated with everolimus.40  This survival benefit was 
observed regardless of tumor PD-L1 expression level 
(HR; 0.73, 95 % CI 0.62 –0.85; p < 0.01).  Lastly, a negative 
study in IMmotion 151 trial reported that combination 
atezolizumab plus bevacizumab showed a PFS benefit 
versus sunitinib, the final analysis did not demonstrate 
improved OS for patients with mRCC in either the ITT 
or PD-L1 positive populations.41  Results of extended 
follow up on these trials continue to show that the 
predictive value of PD-L1 is poor. 

LAG-3, TIM-3, and TIGIT
In addition to treatments targeting CTLA-4, PD-1 and 
PD-L1, more recently discovered inhibitory receptors 
include lymphocyte activation gene 3 (LAG-3), T-cell 
immunoglobulin and mucin domain 3 (TIM-3), and 
T-cell immunoreceptors with immunoglobulin and 
ITIM domains (TIGIT).42   

These biomarkers serve as targets for immune 
checkpoint blockade and clinical trials are actively 
evaluating the role of LAG-3, TIM-3 and TIGIT 
blockers.43  Recently, pre-clinical studies in developmental 
therapeutics have shown promising antitumor results 
in RCC in mouse xenograft models  treated with an 
agent targeting TIGIT, either as monotherapy or in 
combination with PD-1 inhibitors.44  Cai et al reviewed 
the data from studies that evaluated the prognostic value 
of LAG-3 and concluded that higher level of expression 
is associated with tumor progression and poor prognosis 
across solid tumor types, including in RCC.  Similarly, 

higher levels of TIM-3 expression were associated 
with shorter progression-free survival in patients with 
ccRCC.45  Giraldo et al performed a retrospective analysis 
which included a cohort of 135 patients with clear cell 
RCC.  Several markers seen by immunohistochemical 
quantification were associated with poor prognosis, 
including LAG-3 and PD-1.46  These findings are 
hypothesis-generating and suggest that co-expression of 
PD-1 and LAG-3 was correlate with outcomes.  There is 
an ongoing phase II trial investigating the combination 
of nivolumab with relatlimab, a monoclonal antibody 
targeting LAG-3 underway (NCT05347212). 

Genomic biomarkers

Tumor mutation burden (TMB)
TMB has arisen as a predictive biomarker for response 
to immune checkpoint inhibition, and high TMB tumors 
hold a tumor-agnostic regulatory approval from the 
US FDA for pembrolizumab.  TMB represents the total 
number of mutations per coding area of the tumor genome, 
measured as mutations per mega base (mutations/Mb).  
These alterations in the genome generate tumor-specific 
neoantigens that are present on the tumor cell surface  
cells allowing for T-cell recognition and subsequent 
anti-tumor immune response.47  KEYNOTE 158 was a 
phase 2 study evaluating pembrolizumab monotherapy 
across solid tumor malignancies which harbored a high 
TMB (≥ 10 mut/Mb) and demonstrated robust tumor 
responses, but the study has limited applicability to 
the RCC population as only 3 patients with RCC were 
included in the trial.48  

In general, RCC is a tumor associated with relatively 
low TMB that can vary across different subtypes 
(median of 1.1 mut/Mb).  With this information, one 
can hypothesize that the utility of TMB as a predictor of 
treatment response will likely be poor.  Another study 
by Zhang et al analyzed the somatic mutation patterns 
of 336 clear cell RCC patients from the Cancer Genome 
Atlas (TCGA) database.  Higher TMB was found to be 
weakly associated with higher tumor grade, advanced 
stage and poor overall survival.49  

Somatic mutations 
The Von Hippel Lindau (VHL) gene is located on 
chromosome 3p, and copy loss occurs in roughly 80% 
of sporadic cases of ccRCC.50,51  The VHL protein acts 
as an E3 ubiquitin ligase that leads to ubiquitination 
of hypoxia-inducible factor (HIF) and its subsequent 
proteolysis.52  Thus, mutations resulting in VHL gene 
variants reduce VHL protein activity, which results 
in stabilization of HIF subunits and constitutive 
activation of HIF transcription factors.  These factors 
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promote vascularization, enhance glucose utilization, 
and lead to tumorigenesis.53  In a meta-analysis 
performed by Kim et al, there was no correlation 
between the presence of a sporadic VHL alteration 
and response rate, progression-free survival or overall 
survival in patients receiving anti-VEGF therapy, thus 
indicating no prognostic or predictive value of VHL 
gene alteration in patients with clear cell RCC.54  

However, germline mutation to VHL observed 
in Von Hipper-Lindau disease does offer option for 
targeted therapy.  TheMK-6482-004 trial reported 
positive results for the use of belzutifan for germline 
VHL RCC patients (ORR 49%, 95% confidence interval, 
36 to 62%).55  While VHL’s utility as a biomarker was 
not assessed in the trial, the knowledge of an effective 
HIF-2a inhibitor in belzutifan may lead to further 
studies to see if presence of VHL mutation can have 
predictive or prognostic ability as a biomarker. 

In addition to VHL, loss-of-function mutations to 
PBRM1, SETD2 and BAP1 may serve as conduits for 
biomarker-based drug development.  According to 
results from The Cancer Genome Atlas (TCGA), each 
of these mutations were identified at higher frequency, 
suggesting significant in pathogenesis of the disease.56  

Hakimi et al analyzed and evaluated data from 
gene expression profiles from 609 patients with ccRCC 
to develop a risk model.57  BAP1 mutations were 
associated with worse cancer-specific survival (CSS) in 
the risk model (HR 7.71, 95% CI 2.08).  Median overall 
survival for BAP1 mutants was 31.2.months versus 78.2 
months in wild-type patients.  Mutations in PBRM1, 
as well as VHL, had no impact on CSS.

In addition, recurrent alterations in TP53 and the 
TERT promoter region were not reported as commonly 
altered genes in early-stage non-metastatic datasets.  It 
is plausible that these mutations are acquired late in 
the pathologic process and prior to progression into 
metastatic disease.  TERT promoter mutations are 
common noncoding and have also been associated 
with adverse outcomes in several malignancies.58-60  
Wang et al, analyzed a cohort of 109 patients with 
RCC and found that TERT promoter mutations were 
only found in 9/96 (9.3%) of clear cell tumors, but 
were more commonly found in patients with capsular 
invasion or metastatic disease.61  

Carbonic anhydrase IX

Carbonic anhydrase IX (CAIX) is a well-described 
enzyme whose expression is inversely regulated by 
the wide-type VHL gene.62  In normal renal tissue, 
there is minimal detection of CAIX, whereas in RCC, 
it is abundantly expressed.  ZIRCON was an open-

label, multicenter trial which utilized 89Zr-DFO-
girentuximab (TLX250-CDx) as a radioligand for 
PET/CT imaging because of its high specificity for 
CAIX.  The study displayed both safety and accuracy 
in differentiating ccRCC lesions from indeterminate 
renal anomalies.63  This data augments the prospect of 
employing CAIX as a viable therapeutic target.  

Circulating tumor DNA

Analyses of circulating tumor cells, cell-free tumor 
DNA (ctDNA), cell-free DNA (cfDNA), cell-free RNA 
(cfRNA), exosomes and tumor derived blood proteins 
have been evaluated in patients with RCC and other 
cancers.  “Liquid biopsies” have advantages over tissue 
biopsies as they are non-invasive and can be assessed 
serially to monitor for disease progression or recurrence 
in a variety of disease settings.  Detectable Free DNA 
in plasma (cfDNA), which is released by necrotic 
or apoptotic cells, and DNA released by circulating 
tumor cells in the form of ctDNA is another avenue of 
biomarker development in RCC.  Circulating tumor 
DNA can only be distinguished from cfDNA based 
on the presence of tumor-specific genomic alterations.  
Compared with cfDNA, detectable ctDNA levels are 
lower and contain smaller fragments.  In RCC, a study 
reported that the fragment size of ctDNA correlates with 
patient prognosis and has a significant clinical value.64 

Most studies of RCC patients demonstrated that 
compared to other tumor types, their level of ctDNA 
is low and very sensitive methods of detection will be 
required.  It appears that tumor-guided sequencing 
of selected tumor variants and the use of cell-free 
methylated DNA immunoprecipitation techniques may 
be a more sensitive method for ctDNA detection in RCC.  
One study obtained cfDNA from 40 metastatic RCC 
patients and performed targeted deep sequencing of 
mutations found in tumor tissue found ctDNA detection 
rates of 52%.  For 34 of the 40 patients, methylated DNA 
analysis (cfMeDIP-seq) was also performed.  A separate 
cohort of 38 mRCC patients were used in cfMeDIP-seq 
analysis to train an RCC classifier.  This study showed 
that cfDNA variant analysis detected 21 candidate 
variants in 11 of 40 mRCC patients (28%).  Among 
23 patients with parallel tumor sequencing, cfDNA 
analysis alone identified variants in 9 patients (39%), 
while cfDNA analysis focused on tumor sequencing 
variant findings improved the sensitivity to 52%.  In 
34 mRCC patients undergoing cfMeDIP-seq, cfDNA 
variant analysis identified variants in 7 (21%), while 
cfMeDIP-seq detected all mRCC cases (100% sensitivity) 
with 88% specificity in 34 control subjects.  In 5 patients 
with cfDNA variants and serial samples, variant 
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frequency correlated with response to therapy.  The 
authors concluded that cfMeDIP-seq was significantly 
more sensitive for mRCC detection than cfDNA variant 
analysis, but that cfDNA variant analysis might be 
useful for monitoring response to therapy.65 

The best method ctDNA detection remains unknown.  
Because ctDNA is often present in minute amounts 
highly sensitive methods for detection are needed.  
One study applied three methods to two different RCC 
patient cohorts: tumor-guided analysis, targeted panel 
sequencing, and global sequencing of plasma.  This 
study found that tumor-guided analysis had the highest 
ctDNA detection rate, whereas global sequencing of 
plasma had the lowest.66  Another study showed that 
ctDNA detection in plasma by targeted deep sequencing 
was feasible in patients with localized or metastatic 
RCC.  The dynamics of ctDNA levels was associated 
with the therapeutic response of patients with mRCC 
who were treated with first-line anti-PD1 and anti-
CTLA4 combination therapies.  This also gave insight 
into the potential role of ctDNA as an early predictor of 
treatment responses in mRCC patients receiving first-
line immune checkpoint inhibitor.67 

Few studies have investigated the value of ctDNA 
in RCC patients.  While the level of ctDNA in RCC 
appears low, patients with metastatic RCC have been 
found to have greater amounts of ctDNA than patients 
with localized disease.  Studies using multiple methods 
for ctDNA detection indicate that tumor-guided 
analysis improves the ctDNA detection rate compared 
to unguided methods and suggest that cfMeDIP-seq 
may be a very sensitive method for ctDNA detection.  
More studies are needed with larger numbers of 
patients treated in the adjuvant and metastatic settings 
to establish clear predictive value of ctDNA analysis 
in RCC.  There remains an urgent need to develop 
predictors for relapse in patients who have undergone 
nephrectomy and are at risk for recurrence as well as 
for monitoring the response status of patients receiving 
treatment for metastatic disease.  A reliable “liquid 
biopsy” could provide valuable predictive value, 
allowing selection of patients likely to benefit or unlikely 
to benefit systemic treatment for metastatic disease.

Transcriptomics and gene expression 
signatures

With advancements in gene expression analysis 
techniques, we can often detect these alterations and 
classify these changes.  A gene expression signature (GES) 
is a group of genes that correlates these genetic alterations 
with specific clinical variables, such as diagnosis and 
prognosis.68  

Brannon et al pooled tumor specimens from 48 
ccRCC patients collected by the University of North 
Carolina Tissue Procurement Core Facility from 
consenting patients undergoing nephrectomy for RCC.  
They identified two distinct subtypes of ccRCC based on 
their molecular features: clear cell type A (ccA) and type 
B (ccB).69   ccA tumors had improved disease-specific 
survival (DSS) compared to their ccB counterparts 
[medial survival of 8.6 years compared with 2.0 years 
(p = 0.002)].  Based on this data, a 34-gene classifier 
known as ClearCode34 was developed to define these 
subtypes as good risk (ccA) and poor risk (ccB) disease.70  
ClearCode34 was tested through a TCGA cohort of 
157 non-metastatic patients; 69 were classified as ccA 
and 88 as ccB.  Patients with ccB experiences a higher 
rate of tumor relapse (HR 2.1; 95% CI 1.3 – 3.4), worse 
cancer-specific mortality (HR 3.0, 95% CI 1.3 – 7), and 
overall mortality (HR 2.2; 95% CI 1.3 – 3.6) compared 
with ccA cases.70  ClearCode34 was further validated 
through an independent retrospective cohort of 282 
patients.  Results were consistent in showing worse 
median overall survival (151 months versus 31 months, 
p < 0.001), median CSS (253 months versus 33 months, 
p < 0.001), and recurrence-free survival (HR 12.20, 95% 
CI 4.48 – 33.17).  Unfortunately, while ClearCode24 has 
achieved consistent validation through these trials, it has 
yet to be tested in the prospective trial setting. 

Another tissue-based RNA expression signature, 
known as the cell cycle progression score (CCP), 
is comprised of 31 genes involved in cell cycle 
productivity.71,72  It was originally developed to assess 
outcomes in prostate cancer, and has also been applied 
to other tumor types, including bladder and lung.  In 
RCC, it was utilized in a cohort of 64 patients to predict 
metastasis in those with localized disease treated with 
nephrectomy.  While age, tumor size, and CCP score 
were all associated with progression to metastatic 
disease, CCP score showed the highest odds ratio (OR) 
of the three (OR 3.40; 95% CI 1.24 – 11.27).73  In a larger 
study of patients with localized disease following 
radical nephrectomy, CCP was also an independent 
predictor of recurrence (HR 1.50; 95% CI 1.07 – 2.09) 
and disease-specific mortality (HR 2.49; 95% CI 1.53 – 
4.04).  Further studies looking into the utility of CCP 
score after diagnostic biopsies and nephrectomies 
are needed to better understand its potential clinical 
applications.

The Renal 101 Immuno signature is a 26-gene 
assay developed from the Javelin Renal 101 trial and 
was based on the discovery of a cluster of patients 
with prolonged PFS in the combination avelumab + 
axitinib arm.74  Patients with a higher median score of 
the Renal 101 Immuno signature had longer PFS (HR 
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0.60; 95% CI 0.439 – 0.834), but this was not matched 
in the sunitinib arm (HR 0.89; 95% CI 0.670-1.172).75  
When this signature was tested on the data set from the 
Javelin Renal 100 study76 and the phase I Javelin Solid 
Tumor trial77 of avelumab monotherapy, high expression 
of the Renal 101 Immuno signature was also able to 
predict improved PFS.  This signature has potential as 
a predictive biomarker for ICI combination therapy as 
well as to have prognostic value for survival outcomes. 

Exploratory analysis from the IMmotion150 
trial, a randomized phase II study of atezolizumab 
alone or in combination with bevacizumab versus 
sunitinib, led to the identification of angiogenesis 
(Angio), T-effector (Teff), and myeloid inflammatory 
(Myeloid) gene signatures.74  Investigators found 
that patients with a higher expression of the Angio 
gene signature, improved ORR and PFS was seen in 
the sunitinib group as compared to the atezolizumab 
+ bevacizumab or atezolizumab monotherapy 
arms.  Conversely, improved PFS was seen in the 
atezolizumab + bevacizumab group in patients with 
a lower Angio score.  In addition, improved ORR and 
PFS was seen in patients with a higher T-effector score 
in the atezolizumab + bevacizumab group.  Higher 
Myeloid signatures was associated with worse PFS 
in the atezolizumab group, but not with sunitinib.  
The three signatures were not able to differentiate 
clinical activity of atezolizumab + bevacizumab and 
atezolizumab monotherapy.  When combined, high 
Teff and Myeloid signatures had improved outcomes 
in the atezolizumab + bevacizumab arm, compared 
to those in the atezolizumab monotherapy group, 
suggesting its use in aiding clinicians in selecting 
patients who may benefit from combined therapy.74  
This same subgroup of patients with high Teff and 
Myeloid signatures failed to differentiate PFS in either 
the avelumab + axitinib arm or the sunitinib arm in the 
Javelin Renal 101 trial.75  In the phase III IMmotion151, 
patients with favorable-risk disease were found to have 
high Angio expression, while patients intermediate/
poor risk disease were found to have higher Teff scores.40  

More recently, Vano and colleagues utilized a 35-
gene expression classifier to describe four distinct 
clear-cell RCC groups (ccrcc1 to ccrcc4) based on 
their tumor microenvironment and sensitivity to 
frontline sunitinib in mRCC.  Tumors that were less 
responsive to sunitinib had either an immune-high 
(ccrcc4) or an immune-low tumor microenvironment 
(ccrcc1).  Tumors that were most responsive to sunitinib 
expressed an angiogenic-high and immune-high 
signature (ccrcc2).  The smallest group of patients 
exhibited a good response to sunitinib and had 
molecular and pathologic features closest to normal 

kidney tissue (ccrcc3).78  A randomized phase II 
clinical trial involving 202 patients was designed 
based on their respective molecular profiles.  They 
showed similarly enriched response rates in ccrcc4 
tumors classified as immune-high with nivolumab and 
nivolumab-ipilimumab. Immune-low ccrcc1 tumors 
had an increased ORR with combination nivolumab-
ipilimumab.  TKIs were found to be more effective in 
the ccrcc2 angio-high patient population.  This study 
give promise to the feasibility of molecularly based 
clinical trials for metastatic ccRCC patients. 

A similar and ongoing phase II trial (NCT05361720), 
OPTIC-RCC further looks into RNA sequencing as a 
molecular biomarker to predict treatment based on 
biological drivers.79  Utilizing RNA sequencing data 
from the IMmotion 151 patient samples, six distinct 
patient clusters were forms based on their association 
to the tumor’s biology.  Clusters 1 and 2 showed an 
angiogenic signature and were selected to receive 
cabozantinib with nivolumab.  Clusters 4 and 5 show 
more of an immune/proliferative signature and 
were therefore assigned to receive dual checkpoint 
inhibition with nivolumab and ipilimumab.  Clusters 
3 and 6 had neither signature and were therefore 
excluded from further study.  Further data analysis on 
the outcome of this trial is currently pending.

As we continue to make advancements in RCC 
molecular sequencing, gene expression signatures 
have the potential to be a useful as prognostic and 
predictive biomarkers with ongoing development.  
Evolution of our present understanding with further 
discovery can aim to leverage RNA sequencing for a 
more personalized, and tailored treatment approach. 

Conclusion

This review highlights the pressing need for robust 
predictor and prognostic biomarkers in renal cell 
carcinoma to guide clinicians in tailoring optimal 
therapeutic strategies.  The discussion encompassed 
the limitations of existing markers and underscored 
the significance of the most recent advancements 
within this field.  Despite these strides, the landscape 
of RCC biomarkers remains incomplete.  The journey 
towards a comprehensive understanding and discovery 
in this area hold immense promise for shaping future 
advancements within the field.
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