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Abstract

Purpose of Review In this review, we analyze the current state of research in development of new biomarkers that may be
useful in managing metastatic renal cell carcinoma (mRCC) setting.

Recent Findings Combining tumor-based biomarkers (gene expression profile) and blood-based biomarkers (ctDNA,
cytokines) would be helpful in acquiring information regarding RCC and might be significant in the decision-making process.
Summary Renal cell carcinoma (RCC) is the sixth most frequently diagnosed neoplasm in men and tithe in women, making
it responsible for 5% and 3% of all diagnosed cancers respectively. Metastatic stage represents a non-negligible percentage
at diagnosis and is characterized by poor prognosis. Despite clinical features and prognostic score could guide clinicians in
therapeutic approach of this disease, biomarkers predictive of response to treatment remain an unmet need.
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Introduction

Renal cell carcinoma (RCC) is the sixth most frequently
diagnosed neoplasm in men and tithe in women, making it
responsible for 5% and 3% of all diagnosed cancers respec-
tively [1]. Despite the increase in early diagnoses, meta-
static disease continues to account for about one-third of
all new cases [2]. The improvement of knowledge about
biological and molecular characteristics of RCC has led to
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the development of new drugs such as vascular endothelial
growth factor tyrosine kinase inhibitors (VEGF-TKIs) and
immune-checkpoint inhibitors (ICI) that changed profoundly
the prognosis of metastatic disease compared to the past;
nevertheless, overall prognosis remains poor with a 5-year
survival rate of less than 20%, even if the outcome depends
on several prognostic features [3].

Contradictory results from adjuvant trial and the different
responses observed across metastatic patients treated with
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ICI-TKI or ICI-ICI combinations reveal the heterogeneity
and the complexity of RCC. Despite clinical features and
prognostic score could guide clinicians in the therapeutic
approach to RCC, biomarker predictive of response to treat-
ment remains an unmet need.

Different biomarkers are currently under investigation
and include histology and immunohistochemistry features,
genomic status, mutation status, transcriptomic signatures,
cell type abundance in tumor microenviroment, and gene set
enrichment analysis.

A biological marker (biomarker) as defined by the
National Institutes of Health (NIH) Biomarkers Definitions
Working Group is “a characteristic that is objectively meas-
ured and evaluated as an indicator of normal biological pro-
cesses, pathogenic processes, or pharmacologic responses to
a therapeutic intervention” [4]. An ideal biomarker should be
easily measurable and readily accessible and should help sus-
tain risk stratification process and prognostic evaluation [5].

In this review, we analyze the current state of research
in development of new biomarkers that may be useful from
a predictive point of view in the metastatic RCC (mRCC)
treatment.

Tissue-Based Biomarkers
Gene Expression Signatures

Molecular signatures are defined as genes, proteins, mRNA
transcripts, genetic variants, or other variables useful as
markers for a cell or a tissue that can be used for diagnostic,
prognostic, or therapeutic purposes [6].

Exploratory analysis of gene expression signatures and
transcriptomic analyses from patients enrolled in IMmo-
tion150 and IMmotion151 revealed different molecular
subsets in mRCC patients.

McDermott et al. analyzed molecular biomarkers and
their association with clinical outcomes from patients
enrolled in IMmotion150, a randomized phase 2 study
evaluating first line treatment with atezolizumab alone or in
combination with bevacizumab compared to sunitinib alone
having progression free survival (PFS) in the intention to
treat (ITT) population and programmed death-ligand 1 (PD-
L1) expression on immune cells (IC) analyses as co-primary
endpoints. They reported that expression of angiogenesis
pathways was higher in favorable risk patients according to
Memorial Sloan Kettering Cancer Clinic (MSKCC) score
for mRCC whereas T-effector gene signature expression was
higher in intermediate-/poor-risk patients and in tumors hav-
ing sarcomatoid features [7ee].

IMmotion151 is a multicenter phase 3 randomized trial
with the same treatments arms of IMmotion150, evaluating
PFS in PD-L1 positive population and overall survival (OS) in
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ITT population. Motzer et al. performed integrative multiom-
ics analyses of patients enrolled in this study, evaluating out-
comes among the various subsets of study population, accord-
ing to cancer predominant molecular characteristics [8, 9].

Using non-negative matrix factorization, 7 distinct clus-
ters have been generated:

Cluster 1, angiogenic/stromal, tumors enriched of neo-
angiogenic-related genes and with a high expression of
stroma-specific genes such as transforming growth factor
B (TGFp), WNT, and NOTCH signaling pathway.
Cluster 2, angiogenic with predominantly neoangiogenic
features.

Cluster 3, tumors with low expression of angiogenesis
and immune genes with an increased expression of genes
associated with complement system; the overexpression
of these confers worse prognosis [10, 11].

Cluster 4, tumors characterized by low expression of
vascular-related genes and enrichment of cell-cycle tran-
scriptional programs (G2M, MYC), high expression of
PD-L1, and with the highest tumor-infiltration grade by
immune cells across all clusters; this subset has been
defined as T-effector/proliferative.

The two other proliferative clusters are cluster 5 prolifera-
tive and cluster 6 stromal/proliferative.

The last group was represented by cluster 7 characterized
by an augmented expression of snoRNAs.

In this analysis, a correlation between clusters and risk
stratification groups (MSKCC/IMDC) was observed; preva-
lence of angiogenic clusters was observed in the favorable
risk group; conversely, the poor-risk group was enriched
with the other clusters.

Patients in clusters 1 and 2, angiogenetic clusters, showed
a better prognosis in both treatment arms particularly with
sunitinib as deducible from their pathogenetic characteris-
tics. Patients in clusters 4 and 5 had the greatest benefit in
terms of overall response rate (ORR) and PFS in the ICI
plus angiogenesis inhibitor arm (atezolizumab plus beva-
cizumab), implying greater immunogenicity of these par-
ticular subgroup.

Clear cell renal cell carcinoma (ccRCC) with sarcoma-
toid features (ccRCC-Sarc) had lower expression of hypoxia
and neoangiogenesis-related genes compared with their
non-sarcomatoid counterparts, exhibiting a proliferative
molecular phenotype and a higher expression of PD-L1.
These characteristics could explain the better response
shown with ICIs rather than with VEGF TKI monotherapy
in ccRCC-Sarc.

This analysis also highlighted the association of certain
gene mutations with these clusters; for example, mutated
PBRM1 tumors have shown an increased expression of
genes related to angiogenesis; on the other hand, mutations
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of CDKN2A/B and TP53 were prevalent in clusters 4, 5,
and 6, subpopulations characterized by a worse prognosis.

These fascinating findings can be considered as novel
research field aimed to address the most appropriate treat-
ment to patients. Indeed, according to the reported analysis,
good risk patients would be more sensitive to anti-angiogen-
esis TKI whereas immuno-oncology (I0) would be more
suitable for intermediate-/poor-risk patients and ccRCC-
Sarc. These findings might explain the different survival
advantages for good risk patients treated with ICI-TKI com-
pared to intermediate-poor-risk patients, as recently reported
from major pivotal trials [12ee].

Tertiary Lymphoid Structures

Among the immune signatures, tertiary lymphoid structures
(TLS) are emerging as a promising tissue biomarker. TLS
are ectopic lymphoid organs that develop in non-lymphoid
tissues at sites of chronic inflammation, including tumors.
As reported by Catherine Sautes-Fridman et al. [13], tertiary
lymphoid structures (TLS) are highly express in RCC, and
data reported by Meylan et al. suggest that the correlation
between TLS + and PFS is stronger for patients treated with
nivolumab than nivolumab plus ipilimumab [14].

At ESMO 2022, first ancillary analyses from BIONIKK,
a randomized phase II trial, identified TLS > 2 as predictor
of response to nivolumab and nivolumab plus ipilimumab
whereas Ki67 expression and PD1 + cell density associated
with higher response rate and PFS [15].

Chromatin Remodeling-Related Genes

Of particular interest in the context of genomic profiling is
the evaluation of genes taking part in chromatin remodeling
process such as PBRM1, BAPI, and SETD?2, all of which
are localized in chromosome 3 that is often involved in RCC
development [16, 17].

PBRM!1 encodes for polybromo 1, a protein which plays
a fundamental role in regulation of cellular proliferation and
differentiation [18]; this gene is altered in about 30-40%
of patients [19]; recent studies have suggested a possible
favorable prognostic effect when this gene is altered and
might correlate a better response to antiangiogenic and
immune treatment [20].

BAPI1 mutations represent 5-16% of all mutations in
ccRCC [19]; this is a two-hit tumor suppressor gene; altera-
tions of this gene have been evaluated in COMPARZ cohort
whose results showed a lower PFS and OS in patients carry-
ing this mutation and treated with VEGF-TKIs compared to
BAPI wild-type population; furthermore, this alteration has
been included in the new model of prognostic stratification that
combines MSKCC classification with genomic features [21].

SETD?2 is involved in splicing and transcription [22],
when altered is often associated with PBRM1 mutations and
its presence correlates with higher risk of disease recurrence
and shorter disease-free survival (DFS) [16].

Further studies will evaluate the use of these molecular
signatures to define the best therapeutic choice for every
patient.

PD-L1 Expression

PD-L1 is the principal ligand of programmed death 1 (PD-
1), a receptor that is expressed on several immune cells such
as B cells, T cells (both CD4 + and CD8 +), natural killer T
cells, monocytes, and dendritic cells. Their interaction is
fundamental in maintaining physiological immune tolerance
and immune exhaustion, preventing autoimmune processes
and exaggerated tissue damage during chronic infections.

The association between increased PD-L1 in RCC and
presence of negative prognostic features has been evaluated
by several studies, and in particular, the aberrant expression
of this molecule on cancer cells correlates with adverse fac-
tors such as higher transfer ratio of lymph glands, tumor
necrosis, higher tumor node metastasis (TNM) stage, tumor
size, and higher Fuhrman grade [23-26].

In ICI-ICI treated patients, survival advantage and ORR
were independent from PD-L1 expression whereas PFS was
longer in patients with PD-L1 expression greater than 1%.
Similarly, ICI-TKI combination confers survival advantage
and response, regardless from PD-L1 expression [27].

These results do not allow to consider PD-L1 as a poten-
tial predictor of response to I0-based treatments; it could
rather be a prognostic factor, considering the benefits in
terms of overall survival in this subpopulation. Other limi-
tations in using this molecule as a biomarker are related to
the absence of a standardized procedure for its measurement
and tumor heterogeneity, as the expression of PD-L1 can be
different based on tumor site (primary versus metastatic)
and for its occasional focal expression, which could make
its recognition challenging [28, 29].

Tumor Mutational Burden

Tumor mutational burden (TMB) is a genetic feature that
can be detected investigating tumor tissue genome; it is
measured as somatic, non-inherited, mutation single nucleo-
tide variations (SNVs), and insertion/deletions (indels) per
megabase (mut/Mb).

Tumors with a major TMB often harbor mutations con-
cerning genes that play a key role in repairing DNA damage
such as mismatch repair genes and are associated to response
to ICIs in several tumors.

RCC has a low mutational burden, albeit with differences
between various histotypes; in particular, chromophobe RCC
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has the lowest amount of mutation while ccRCC and papil-
lary RCC are comparable, with an average of 1.1 mutations/
Mb [30, 31].

Despite the low TMB, kidney cancer benefits signifi-
cantly from treatment with ICIs, similarly to other tumors
with high TMB [32]. A possible explanation is that the most
frequent mutations found in RCC are indels that could cause
frameshift which can subsequently lead to the generation
of large amounts of neoantigen, as highlighted in the work
of Turajlic et al. in which was found a positive correlation
between production of specific neoantigens and increased
expression of antigen presenting genes leading to augmented
activation of CD8-positive T lymphocytes [33, 34].

To date, TMB is not used in clinical practice in RCC
mostly because of high costs and little availability; however,
as previously stated, its use as biomarker is still debatable;
further studies on this topic are necessary; in this regard,
phase II NIVES study could provide useful data on how
TMB might be useful in selecting patients who are most
likely to respond to therapies based on tumor mutational
status [35].

Blood-Based Biomarkers
Soluble Factors

Soluble factors (SF) are molecules that partake in vari-
ous biochemical processes such as cell proliferation and
differentiation. These include VEGF, vascular cell adhe-
sion molecule (VCAM-1), interleukines (IL-6, IL-8),
interferon-gamma (IFNy), and tumor necrosis factor-alpha
(TNFa); numerous of these mediators play a crucial role in
signal transmissions between cancer cells and surrounding
microenvironment.

Modifications of plasma cytokines and circulating angio-
genic factors (CAFs) in patients treated with pazopanib have
been investigated within the PIPELINE study, a prospective
translational trial, which showed a possible clinical useful-
ness in evaluating baseline cytokine levels and their trend
during therapy. Low pre-treatment levels of molecules such
IL-6, IL-8, hepatocyte growth factor (HGF), and osteopon-
tin were associated with better tumor response; conversely,
high levels of SDF-1 and VEGF-A were associated with
progressive disease (PD) [36]. These results imply a pos-
sible important role in the evaluation of these molecules to
individualize treatment even more.

Recently, Simonetti et al. analyzed the levels of 507 solu-
ble molecules in mRCC patients treated with nivolumab.
After multiplicity adjustment, receptor activator of nuclear
factor k B (RANKL) was the only one that retained the sta-
tistically significance. Indeed, RANKL levels were higher
in primary refractory patients compared to patients who
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achieved stable disease response (SD) or partial response
(PR). On the other side, PFS and OS were longer in patients
with low RANKL levels [37].

Receptor activator of nuclear factor k B (RANK),
RANKL, and decoy receptor, osteoprotegerin (OPG), in
physiological conditions, helps regulate bone homeostasis
and immune system.

In bone metastases (BM) from different neoplasms,
RANKL is overexpressed and its amplification causes osteo-
clasts activation, resulting in amplified bone resorption [38].

Moreover, RANKL has a chemotactic activity inducing
migration of cells expressing RANK on their surface [39], mak-
ing it accountable for facilitating implant of metastatic cells
even in organs different than bones in several types of tumors
[39—-42] including RCC [43] by recruiting monocyte/mac-
rophage cells, fundamental for pre-metastatic niche formation.

About one-third of patients with kidney cancer will
develop BM during disease course with consequences in
quality of life (QoL) and outcome, as their presence is a neg-
ative prognostic factor for mRCC.mRCC patients presenting
RANKL-high/RANK-high/OPG-low tumors showed signifi-
cantly shorter BMFS, DFS, and disease specific survival
(DSS) compared to patients with other tumors, so that the
expression of this molecule has been proposed as an inde-
pendent prognostic factor for BMFS, DFS, and DSS [43].

Circulating Biomarkers

The term circulating biomarkers or “circulome” refers to the
complex of molecules and cells released into bloodstream
from healthy and pathological tissues. The interest towards
these tissue-derived materials has grown progressively over
the years simultaneously with the advent and improvement
of liquid biopsy, a versatile, economical, and non-invasive
tool which allows the evaluation of circulating tumor mark-
ers both in blood stream that in urine.

Liquid biopsy is useful for the study of some molecules
of clinical interest such as circulating tumor DNA (ctDNA)
and cell-free DNA (cfDNA) and circulating tumor RNA
(ctRNA) and circulating noncoding RNAs (ncRNAs) which
comprises microRNAs (miRNAs) and long noncoding
RNASs (InRNAs) that can be found in blood flow bounded to
lipoproteins or carried by vesicular transporters, exosomes,
and ectosomes [44].ctDNA has been investigated as a poten-
tial biomarker for RCC recurrence and early diagnosis of
metastases [45], as a tool for monitoring end predicting
treatment response [46, 47] and as a substitute of tumoral
tissue to profile cancer genome [48]. cfDNA concentrations
seem to be related to tumor progression; indeed, patients
with progressive disease tend to have higher plasma levels of
cfDNA than patients with stable disease or remission, mak-
ing it a possible useful tool for predicting ccRCC course and
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eventual progression; in this regard, further investigations
are needed to clarify its use in clinical practice [49].miR-
NAs are short noncoding RNA, sequences of wide clinical
interest; these small molecules take part in many biological
events such as cellular communication and tumorigenesis
[50-53], as previously said are often found associated with
exosomes and can be secreted by cancerous cells during pro-
gression [54]. In particular, expression levels of exosomal
miR-210 in RCC patients’ serum have been evaluated in
many recent studies; this molecule has been found to be
overexpressed in ccRCC independently of clinical staging
but was significantly lower in patients who have undergone
resection of the primary tumor and in patients with localized
disease than in those with metastatic disease [55].

Clinical Biomarker
Obesity

Overweight and obesity are defined as abnormal or exces-
sive fat accumulation that presents a risk to health as per
World Health Organization (WHO). Different parameters
define obesity; the most used is body mass index (BMI)
which however has several limitations; the most important
one is that BMI does not consider the difference in distribu-
tion of fat tissue (subcutaneous, visceral) among different
individuals. Despite obesity cannot properly be considered a
biomarker, an enrichment of genes involved in angiogenesis
and adipocyte hypertrophy has been observed in peritumoral
fat. This status seems to lead to the formation of hypoxic
regions which consequent increase of angiogenesis and
inflammatory pathway expression. These data might explain
the enhanced response to either VEGF-TKI targeted therapy
and with IClIs in this specific population [56].

Considering these biological and molecular differences,
the integration of the clinical parameter regarding nutritional
status along with molecular features could be significant
in improving either prognostic stratification or treatment
selection.

Conclusions

The management of RCC is rapidly changing; novel thera-
peutic options are meant to improve patients’ survival and
QoL, but due to contradictory results in clinical trials and
for the absence of homogeneous response across patients’
subgroups, it still remains an interesting research field.

As reported, several biomarkers are emerging as a prom-
ising tool to reveal tumor heterogeneity and to understand
the mechanism underling tumor response to treatment and
toxicities.

Combining tumor-based biomarkers (gene expression
profile) and blood-based biomarkers (ctDNA, cytokines)
could be useful to acquire information regarding RCC and
might be useful in the decision-making process. Neverthe-
less, the clinical applicability remains difficult and relegated
in research context.

The advance in continuing search for biomarkers will help
clinicians to reach the goal of a patient-centered approach.
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