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INTRODUZIONE 

Renal cell carcinoma (RCC) is a large group of 
different type of cancers derived from renal tubular 
epithelial cells; the clear cell RCC is the most common of 
them (1). Clear cell RCC accounts for 3% of cancer 
diagnosis and cancers death worldwide. Incidence rate 
is higher in developed countries due to high average age 
and obesity rate, two of the major risk factors for kidney 
cancer. Additional risk factors are smoking, 
hypertension, diabetes, sex (RCC incidence is higher in 
men than women) and the presence of other kidney 
diseases such as chronic kidney diseases, acquired 
kidney cystic disease and kidney transplantation (2). 

Genetic factors also contribute to RCC risk; to date, 
at least 10 genes (BAP1, FLCN, FH, MET, PTEN, SDHB, 
SDHC, TSC1, TSC2 and VHL) related with familial RCC 
are known. These genes have also been involved  in 
sporadic RCC development (3). 

In the sporadic RCC, the Von Hippel–Lindau tumor 
suppressor gene (VHL) is the most frequently mutated. 
The VHL gene product is the substrate recognition 

component of an E3 ligase complex that ubiquitylates 
Hypoxia-Inducible Factor 1-α (HIF1α) and Hypoxia-
Inducible Factor 2-α (HIF2α) for proteasome mediated 
degradation. Under condition of hypoxemia or in the 
absence of VHL protein, HIF1α accumulates and 
dimerizes with hypoxia inducible factors β. This complex 
acts as transcription factor inducing an increase of 
mRNA levels encoding angiogenesis-related proteins 
like Vascular Endothelial Growth Factor (VEGF), 
Platelet-Derived Growth Factor (PDGF), Transforming 
Growth Factor α (TGFα) (4,5). Furthermore, also the 
dysregulation of mammalian Target Of Rapamycin 
(mTOR) pathway leads increasing cellular HIF1α levels 
and, consequently, increase of VEGF, PDGFβ and TGFα 
gene transcription (6).The upregulation of these proteins 
results in uncontrolled cell proliferation and growth of 
blood vessels, condition that promote the tumor growing 
and the dissemination of metastasis (7).  

Generally, less than 10% of patients with RCC are 
diagnosed with the classic triad of flank pain, hematuria 
and palpable mass (8), more often the diagnosis results 
from incidental findings during ultrasonography or 
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abdominal computerized tomography (CT) performed for 
other diagnostic investigations (9).  

Hence, about 25% of patients present with distant 
metastatic disease at diagnosis. Whereas for patients 
with organ-confined RCC, the surgical resection by 
partial or radical nephrectomy is potentially curative, 
unfortunately, approximately 40% of patients surgically 
resected eventually develop recurrence (10).  

Currently, available therapies for metastatic RCC  
consist in targeted therapeutic agents, which include 
VEGF and mTOR inhibitors or immunotherapy. 
Sorafenib, Pazopanib, Axitinib, Lenvatinib and Sunitinib 
are tyrosine kinase inhibitors targeting the VEGF 
signalling axis that have been approved in the first-line 
and second-line settings for the treatment of metastatic 
RCC in the United States and the European Union (11). 
mTOR inhibitors, Everolimus and Temsirolimus have 
been approved in the first-line and second-line settings 
in patients with poor risk status (12).  

Cytokines such as Interferon-α and Interleukin-2, that 
intensify antitumor immune activity, were standards of 
care before the introduction of Sunitinib in the 1990s 
(13). The new generation of immunotherapy agents are 
T cell immune checkpoint inhibitors, that consist of 
antibodies against Programmed cell Death protein 1 
Ligand 1 (PD-L1), such as Atezolizumab and Avelumab, 
and antibodies against Programmed cell Death protein 1 
(PD-1), like Pembrolizumab and Nivolumab. These 
antibodies prevent the interaction between PD-1 on 
tumor specific T cell and PD-L1 expressed on either 
cancer cells and myeloid cells in the tumor tissue. The 
expression of PD-1 by cancer cells is one of 
mechanisms that allow tumor to escape the host immune 
surveillance; blocking the immune checkpoint stimulates 
the activation of immune response through the activity of 
T cells and, so, the immune killing of cancer. 

Despite the wide range of therapy available for the 
treatment of metastatic RCC, the five years survival rate 
does not exceed 20% (5). In most cases, in fact, patients 
develop resistance to first line chemotherapeutic agents 
due to a high inter-tumoral and intra-tumoral 
heterogeneity characteristic of RCC. As already 
demonstrated more than forty years ago (14), genetic 
diversity within tumors can allow chemotherapy 
resistance by selecting non-responsive subclones during 
the natural history of cancer through mutation on key 
genes within the target pathway that bypass the site of 
inhibition (14). Despite that, more recently, multiregional 
tumor analyses suggest that tumor evolutionary course 
is mostly limited, making the evolutionary routes of 
metastatic RCC predictable and, therefore, 
therapeutically tractable (9). 

In this scenario, to further improve clinical outcomes, 
the identification of new biomarkers to obtain information 
regarding genetic and microenvironmental tumor 
assessment could be critical. Circulating biomarkers 
could be the most advantageous tool to obtain this kind 
of information. In a high vascularized tumor like 
metastatic RCC, RNA, DNA and proteins released in the 

bloodstream may reflect specific genetic changes that 
occur in the clear cell RCC cells such as activation of HIF 
pathway and the corresponding increase in expression 
angiogenesis-related protein, which are direct 
consequence of VHL inactivation (15) (Figure 1).  

The liquid biopsy could lead the clinicians to plan the 
most suitable therapy for the patient by the accurate 
recognition of patients in term of risk identification and 
early detection of recurrence after first line treatment. 

PROTEIN BIOMARKERS 

Because of the pivotal role of VEGF in the 
pathophysiology of kidney cancer and consequently in 
the pharmacological mechanism of target therapy, many 
studies propose serum levels of VEGF and soluble 
VEGFR (sVEGFR) as prognostic and predictive marker 
in patients with metastatic RCC. VEGF family members 
in mammals consist of VEGF-A, -B, -C, -D, -E and 
placenta growth factor (16). 

VEGF-A, which is often referred to as VEGF (17), 
present several isoforms as a result of alternative 
splicing of eight-exon VEGF-A gene. In addition different 
isoforms of VEGFR are known: VEGFR1 and VEGFR2 
expressed on vascular endothelial cells and VEGF3 
expressed on lymphatic endothelial cells. Some of 
alternative splicing product of VEGFR gene result in a 
soluble truncated extracellular-domain protein known as 
sVEGFR (16,18,19). 

Higher plasma VEGF-A levels showed trends toward 
adverse prognostic significance in patients with 
metastatic colon rectal cancer, non-small lung cancer 
and metastatic RCC as demonstrated by Hegde et al. in 
2012. Nevertheless, VEGF-A was not found to predict 
the response to Bevacizumab, a monoclonal antibody 
which selectively inhibits VEGF-A signaling (20). 

Regarding the multikinase inhibitor-based therapy, 
Pegña et al, showed that baseline VEGF levels could be 
taken in consideration for the choice of suitable therapy 
for the metastatic RCC patients with baseline VEGF 
levels above the 75th percentile; really, these patients 
show a better progression free survival (PFS) after 
treatment (21). 

Figure 1 
RNA, DNA, proteins and circulating cells released in the blood-
stream by tumor cell. 
CECs, circulating endothelial cells; CICs, circulating immune 
cells; CTCs, circulating tumor cells; ctDNA, circulating tumor 
DNA; RBC, miRNA; micro RNA, red blood cells.
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Conversely, Harmon et al. found that the clinical 
outcome after Sunitinib treatment could be predicted 
with a high efficacy using the baseline levels of  
sVEGFR3 with a PFS in case of baseline plasma level 
of sVEGF-3 below the median (22). 

Moreover, high levels of cytokine and angiogenic 
factor like interleukin 6, interleukin 8 (IL8) and 
osteopontin have been proposed as negative prognostic 
factor for metastatic RCC patients (20).  

These markers do not seem to be comparable to 
prognostic markers of the standard clinical 
classification, but they are predictive of response to 
Pazopanib, a tyrosine kinase inhibitor. In fact, patients 
with increased level of cytokines, especially interleukin 
6, have in general a worse prognosis, but a relative 
benefit from Pazopanib higher than patients with low 
level of this cytokine (20,23).  

Baseline levels of some inflammation markers like 
serum Lactate Dehydrogenase (LDH), or 
neutrophil/lymphocyte ratio may be used as prognostic 
biomarkers for metastatic RCC patients. In recent years, 
it is becoming increasingly important the determination 
of LDH, a metabolic enzyme that catalyzes the 
interconversion of pyruvate in lactate during glycolysis 
and gluconeogenesis, as prognostic biomarker for many 
types of cancers such nasopharyngeal carcinoma, 
melanoma, prostate cancer and RCC (24). LDH 
expression is under regulation of HIF and it is 
upregulated by the activation of several oncogenic 
processes such as activation of PI3Ks, activation of Akt 
and target of rapamycin complex 1. 

Interesting, high baseline LDH type C levels as 
prognostic biomarkers is more accurate for metastatic 
RCC than other tumors, probably given the key role that 
HIF plays in the pathogenesis of this cancer (25,26). 
Indeed, the high LDH circulating level may reflect both 
tumor hypoxia and oncogenic processes activation; in 
this setting, cancer cell may became dependent on 
neovascularization and angiogenesis and therefore 
sensitive to target therapies like the Temsirolimus 
therapy, based on specific mTOR inhibitors. 

In this regard, a retrospective study performed on 
poor risk metastatic RCC patients showed that the 
Temsirolimus therapy is more effective than interferon α 
for those patients who have baseline high circulating 
LDH levels (27).  

Concerning the neutrophil/lymphocyte ratio, a blood 
index calculated dividing the neutrophil count by the 
lymphocytes count, Lanani et al. showed that a 25% 
increase of this index in the first 6 weeks of anti-PD-
1/anti PD-L1 immune checkpoint inhibitors treatment, 
was associated with worse PFS and overall survival 
(28). Simonaggio et al. have recently confirmed this 
result by proving that any increase of  
neutrophil/lymphocyte ratio in the first 6 weeks of anti-
PD-1 treatment was associated with worse PFS and 
overall survival (29). 

Furthermore, the evaluation of a few chemokine s 
esuch CXCL9, CXCL10 and C2D8 could be used to 
assess immunomodulatory effect of immune checkpoint 

inhibitor in metastatic RCC patients treated with 
Nivolumab, a monoclonal antibody blocking the PD-1 
receptor (30). 

In fact, patient responsive to Nivolumab showed an 
increased serum concentration of CXCL9, CXCL10 and 
C2D8 after Nivolumab treatment; this phenomenon is in 
agreement with a model in which Nivolumab induces 
CXCL9 and CXCL10 production by myeloid cells at 
inflammatory sites in tumor tissue to recruit 
immunocompetent T cells to the tumor (30).  

Montemagno et al. showed that also the soluble 
form of PD-1 and PD-L1 can be measured in the 
peripheral blood as circulating biomarkers. PD-1 is 
expressed on immune cells, such as activated T 
lymphocytes whereas PD-L1 is expressed by B cells, 
dendritic cells, macrophages, but also by tumor and 
endothelial cells. The engagement of PD-1 receptor by 
PD-L1 expressed by cancer cells induce immune 
tolerance and is one of the ways by which cancer 
escapes immunosurveillance.  

The soluble forms of PD-1/PD-L1, probably caused 
by cleavage of their extracellular domains or alternative 
splicing product of membrane form, were correlated to a 
rapid metastatic progression. In addition, patients with 
high levels of soluble PD-1 had a shorter progression 
free survival after treatment with Sunitinib (31)  

CIRCULATING NUCLEIC ACIDS  

In the last few years the determination of circulating 
nucleic acids such as circulating micro RNA and 
circulating tumor DNA is increasingly important in liquid 
biopsy research.  

Micro RNA (miRNA) are 18-25 nucleotides in length 
RNA non-protein coding that regulate gene expression 
in a post transcriptional manner. 

As regards the metastatic RCC, it is well known that 
the dysregulation of several miRNAs are involved in its 
pathogenesis. For example, the upregulation of miR-
210, whose expressions is induced by the hypoxic 
tumor microenvironment of RCC, occurs in renal cell 
carcinoma cells and is in association with epithelial 
mesenchymal transition (32). 

Zhao et al. investigated the prognostic value of 
circulating  miRNA showing that miR-210 serum levels 
decrease after nephrectomy, confirming thus the 
hypothesis that miRNA is released from tumor into 
circulation (33). Even more interesting is the prognostic 
value of miR-221. This miRNA, known as a downstream 
target of Epidermal Growth Factor Receptor (EGFR)-
RAS-RAF-MEK pathway (34), is a prognostic biomarker 
for metastatic RCC patients with 10.9-fold increase of its 
expression when compared to patients with localized 
disease (35). Moreover, combination of plasma level of 
two or more miRNAs could improve the performance of 
miRNAs as biomarkers. Actually, ROC curve analysis 
revealed that miR-378 and miR-210 are effective 
biomarkers for differentiating RCC patients from healthy 
controls with an Area Under the Curve (AUC) of 0.82 
and 0.74 respectively. Interestingly, the combination of 
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the two parameters returns a better diagnostic 
accuracy with an AUC of 0.85 (95% CI, 0.81-0.89, p 
<0.0001) reaching 80% sensitivity and 78% specificity 
(36). 

In recent years, several studies have proposed the 
analysis of circulating tumor circulating DNA (ctDNA) 
as the main instrument for the assessment of the 
specific patient’s cancer features and a longitudinal 
evaluation of tumor genomics changes. In peripheral 
blood, ctDNA derives from tumors cells necrosis, 
apoptosis or lysis of circulating tumor cells (37). To 
date, ctDNA is applied for the assessment of EGFR and 
ALK mutations in patient suffering of lung cancer in 
order to avoid repeated tissue biopsies that are not 
feasible due to high cost and risk of physical harm. 
Regarding the prognostic and predictive value of ctDNA 
in metastatic RCC patients, Feng et al. showed that the 
quantification of plasma ctDNA could be used for the 
evaluation of response to Sorafenib therapy. Patients 
with a progression of disease after Sorafenib therapy, 
show increased levels of ctDNA compared to baseline, 
while patients responsive to Sorafenib have a 
completely opposite trend with a ctDNA plasma levels 
lower compared to pre-treatment (38). 

Pala et al. analyzed genomic alteration in ctDNA 
extracts from blood samples of patients with metastatic 
RCC, showing that the most frequent genomic 
alteration involved TP53, VHL, EGFR, NF1, and 
ARID1A genes and that the genomic alterations 
increased across first- and second-line therapy based 
on VEGF inhibitors (39).  

CIRCULATING TUMOR, ENDOTHELIAL   
AND IMMUNE CELLS 

Circulating Tumor Cells (CTCs) are malignant cells 
originating from the primary tumor site and released 
into the bloodstream by the tumor, that eventually 
originates distant metastasis. 

The detection and isolation of tumor cells in 
peripheral blood suggest the intriguing possibility to 
analyze the proteomic, transcriptomic and genomic 
characterization of tumoral cell detached from the 
primary tumor. Also, in this case the detection of CTCs 
using the minimally invasive blood collection could 
replace the invasive biopsies of metastatic site and be 
used as a clinical monitoring tool for cancer prognosis. 
Furthermore, numerous clinical studies have shown 
that the number of CTCs detected has a strong 
correlation to metastatic potential in breast cancer and 
colorectal cancer (40,41). 

Regarding metastatic RCC, several studies have 
indicated that EpCAM, the most used capture antigen 
for CTCs, fails to recognize those that originate from 
RCC (42).  

To overcome this issue, Liu et al. used the 
NanoVelcro System (CytoLumina Technologies Corp., 
Agoura, USA) (43), a nanostructured platform, in 
combination with the CA9-/CD147-based enrichment 
method to isolate CTCs with high efficiency (94.7%) 

from blood samples from RCC patients with a good 
association between the number of CTCs isolated and 
the disease progression (44). Further, they showed that 
the CTC expression of vimentin, a mesenchymal 
marker, exhibits a more stringent correlation with 
disease progression than the CTC enumeration. 

Recently, Kim et al. demonstrated that CTCs are 
frequently detected in patients with advanced RCC 
using a novel photosensitive polymer-based microfilter 
termed  “tapered-slit filter” (TSF) [EXFO Inc. (Canada)] 
(45). This new method allows a high cell viability after 
five days on the filter; this device is thus more 
appropriate for further investigation of the functional 
and molecular properties of CTCs (46). 

Moreover, the quantification of CTCs in metastatic 
RCC patients could be used to stratify the patient for 
the first line therapy; in fact the CTCs positivity at 
baseline significantly predicted a poorer response to 
tyrosine kinases inhibitors (47). 

In cancer patients, elevated Circulating endothelial 
cells (CECs) are also detected (48). CECs were 
already known as biomarkers of vascular damage in 
patient with vasculitis or renal transplant recipients. To 
define the biological response to tyrosine kinase 
inhibitors like Sorafenib, Gruenwald et al. have 
proposed the evaluation of CECs as biomarkers of 
effectiveness of tyrosine kinase inhibitor therapy in 
metastatic RCC patients. Actually, patients who 
achieved a PFS above the median exhibit a significant 
increase of CECs in the initial 4 weeks of treatment, in 
contrast to patients with a PSF below the median which 
do not show any increase in CECs after the treatment 
(49).  

The characterization of white blood cells 
subpopulation for monitoring metastatic RCC patients 
treated with Nivolumab could also be useful; Nivolumab 
is a checkpoint inhibitor that acts by inhibiting the PD1 
receptor. The identification of circulating biomarkers 
able to give an immediate evaluation of patient’s 
response to Nivolumab is particularly necessary since 
the standard radiologic evaluation criteria is of no help.  
Really, the standard radiologic evaluation criteria could 
detect a pseudo-progression due to a transitory tumor 
increase size certainly caused by an initial recruitment 
of immune cells (50).  

In this contest, authors of NIVOREN study (51) 
estimated the efficacy of immune checkpoint inhibitors 
and assessed the pharmacodynamic 
immunomodulatory effect of Nivolumab, monitoring the 
immune circulating cells in 44 naïve metastatic kidney 
cancer patients. Patients non-responsive to Nivolumab 
showed  low levels of B cells and CD4+T cells and high 
levels of CD244+ neutrophils and CD244+ CD4+ T 
cells and CD8+ T cells. CD244+, an immune 
checkpoint highly expressed in exhausted T cells, is a 
marker of tumoral immunosuppressive activity. On the 
other hand, patients with non-switched B cells have a 
better overall survival and PFS. Considering the results 
obtained by the NIVOREN study, the white cell 
characterization could be used for an early evaluation 
of Nivolumab response (51). 
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CONCLUSIONS  

Thanks to the ability to reflect genetic and 
microenvironmental tumor features in real time, the 
circulating biomarkers offers an appealing minimally 
invasive approach that allows the clinicians to design a 
tailored treatment strategy for the patients. The 
identification of the most suitable treatment for first- 
and second-line therapy and the early determination of 
outcomes are key issues for tumors like metastatic 
RCC characterized by a high rate of recurrence. 

Several biomarkers showed a correlation with 
prognosis and response to therapy of metastatic clear 
cell RCC patients due to the highly vascular and 
aggressive nature of metastatic clear cell RCC (Table 1). 

In this scenario, the introduction in clinical practice of 
the most effective among these biomarkers could 
certainly improve overall survival and quality of life of 
metastatic clear cell RCC patients through the 
identification the first- or second-line therapy most 
effective for the specific patient at the time of treatment 
administration. 

Unfortunately, on routine clinical laboratory practice 
there is no diagnostic biomarker for early detection of 
renal cancer and no laboratory test for surveillance of 
recurrence. The currently available biomarkers here 
described can be used to orient diagnosis in adjunct to 
radiologic discovery, they are also prognostic 
indicators, and very useful in following up patients to 
assess response to chemotherapy.  

Table 1 
Major biomarkers that exhibit correlation with prognosis and response to therapy of metastatic RCC patients. 

mCRC, metastatic colorectal cancer; mRCC, metastatic renal cell carcinoma; NSCLC, non-small cell lung cancer; RCC, renal cell 
carcinoma; VEGF, vascular endothelial growth factor; CAIX, carbonic anhydrase IX; TIMP-1, tissue inhibitors of metalloproteinases-
1; IL6, interleukin 6; IL8 interleukin 8; LDH, Lactate dehydrogenase; NLR: neutrophil–lymphocyte ratio; CXCL9, Chemokine (C-X-C 
motif) ligand 9; CXCL10, Chemokine (C-X-C motif) ligand 10; PFS, progression-free survival; OS, overall survival; HGF, Hepatocyte 
growth factor; DFS, disease-free survival; CSF, cancer-specific survival; CTCs, circulating tumor cells; CECs, circulating endothelial 
cells; CICs, circulating immune cells; PFS, progression-free survival; ctDNA, circulating tumor DNA; GA, genomic alteration; CSS, 
cancer-specific survival.

References Patient 
population

Biomarker(s) Sample size Main findings

Hegde et al. (20) mCRC 
NSCLC 
mRCC 

VEGF-A 1.816 Pretreatment total circulating VEGF-A was prognostic 
for outcome in mCRC, NSCLC, mRCC

Peña et al. (21) Advanced  
RCC

VEGF, CAIX, TIMP-1, 
and Ras p21

930 Biomarkers levels were prognostic for survival

Sepe et al (23) mRCC IL-6, IL-8,  
osteopontin

25 IL-6, IL-8, and osteopontin were found to be 
significantly associated with treatment response

Harmon et al. (22) mRCC VEGF-A, VEGF-C, 
sVEGFR-3, IL-8

750 VEGF-A and IL-8 were prognostic for OS

Armstrong et al. (27) mRCC LDH 404 Serum LDH was a prognostic and a predictive 
biomarker for the survival

Zhang et al (25) mRCC LDH Meta-analysis LDH is associated with an adverse prognosis in 
mRCC

Lalani et al. (28) mRCC NLR 142 Early decline of NLR at 6 weeks are associated with 
significantly improved outcomes in mRCC patients 
treated with immune checkpoint blockade

Simonaggio et al (29) mRCC 
mNSCLC

NLR 161 NLR increase was associated with worse PFS and 
OS outcomes

Choueiri et al (30) mRCC CXCL9, CXCL10 91 Biomarker changes from baseline reflect nivolumab 
pharmacodynamics in the tumor microenvironment 

Montemagno et al. (31) mRCC sPD-L1, sPD-1 87 mccRCC patients with high plasmatic levels of  
sPD-L1 or sPD-1 are poor responders to Sunitinib

Fedorko et al. (36) RCC miRNA 255 Higher serum levels of miRNA in RCC patients than 
in healthy controls; miR-378 positively correlates with 
DFS and clinical stage
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