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Simple Summary: We have studied blood levels of cytokines/chemokines in patients with meta-

static renal cell carcinoma treated with sunitinib or pazopanib, with the goal of identifying bi-

omarkers that can predict efficacy and survival. We have found that high levels of CXCL10, 

CXCL11, HGF and IL-6 before treatment associate with poor prognosis in these patients. Moreover, 

these factors are correlated in patients with renal carcinoma, suggesting a coordinated expression 

and secretion. We have developed a prognostic signature including these factors that predicts very 

accurately prognosis. Our results may help defining better the group of renal cell carcinoma patients 

who may benefit from sunitinib/pazopanib.  

Abstract: Sunitinib and pazopanib are standard first-line treatments for patients with metastatic 

renal cell carcinoma (mRCC). Nonetheless, as the number of treatment options increases, there is a 

need to identify biomarkers that can predict drug efficacy and toxicity. In this prospective study we 
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evaluated a set of biomarkers that had been previously identified within a secretory signature in 

mRCC patients. This set includes tumor expression of c-Met and serum levels of HGF, IL-6, IL-8, 

CXCL9, CXCL10 and CXCL11. Our cohort included 60 patients with mRCC from 10 different Span-

ish hospitals who received sunitinib (n = 51), pazopanib (n = 4) or both (n = 5). Levels of biomarkers 

were studied in relation to response rate, progression-free survival (PFS) and overall survival (OS). 

High tumor expression of c-Met and high basal serum levels of HGF, IL-6, CXCL11 and CXCL10 

were significantly associated with reduced PFS and/or OS. In multivariable Cox regression analysis, 

CXCL11 was identified as an independent biomarker predictive of shorter PFS and OS, and HGF 

was an independent predictor of reduced PFS. Correlation analyses using our cohort of patients and 

patients from TCGA showed that HGF levels were significantly correlated with those of IL-6, 

CXCL11 and CXCL10. Bioinformatic protein–protein network analysis revealed a significant inter-

action between these proteins, all this suggesting a coordinated expression and secretion. We also 

developed a prognostic index that considers this group of biomarkers, where high values in mRCC 

patients can predict higher risk of relapse (HR 5.28 [2.32–12.0], p < 0.0001). In conclusion, high 

plasma HGF, CXCL11, CXCL10 and IL-6 levels are associated with worse outcome in mRCC pa-

tients treated with sunitinib or pazopanib. Our findings also suggest that these factors may consti-

tute a secretory cluster that acts coordinately to promote tumor growth and resistance to antiangio-

genic therapy.  

Keywords: renal cell carcinoma; biomarkers; chemokines; cytokines; antiangiogenic therapy 

 

1. Introduction 

Renal cell carcinoma (RCC) represents the seventh most common malignancy in men 

and the ninth in women [1]. From the different histological types of RCC, clear cell carci-

noma is by far the most abundant (75–80% of the cases). According to 2018 GLOBOCAN 

data, an estimated 403,000 people a year are diagnosed with RCC, causing approximately 

175,000 deaths yearly [2]. Up to 2005, the standard treatment for metastatic (m)RCC was 

the administration of interleukin 2 (IL-2) or interferon alpha (IFN-α), but less than 15% of 

the patients had a durable response [3]. Sorafenib, sunitinib, pazopanib and IFN-

α+bevacizumab were later on introduced for the treatment of mRCC patients [4]. Both 

sunitinib and pazopanib exert their antiangiogenic effects by inhibiting signaling medi-

ated by VEGFRs, PDGFRs, and c-Kit [4]. Available treatment options have now dramati-

cally increased, with the approval of new tyrosine kinase inhibitors (TKIs) axitinib, 

cabozantinib, lenvatinib and tivozanib; mTOR inhibitors everolimus and temsirolimus; 

and immune checkpoint inhibitors (ICIs) nivolumab and ipilimumab [3,5]. Moreover, the 

therapeutic efficacy demonstrated for the combination therapies nivolumab+ipilimumab 

[6], avelumab+axitinib [7] and pembrolizumab+axitinib [8] has expanded the treatment 

landscape for mRCC even further. 

Among this rapidly evolving armamentarium, sunitinib and pazopanib remain as 

possible recommended options for first-line treatment of patients with favorable-risk RCC 

according to the International Metastatic RCC Database Consortium (IMDC) [5]. Choos-

ing the optimal drug and treatment sequence has become increasingly complex in the 

clinical practice and predictive biomarkers could be of great help for decision making [5]. 

Several predictive biomarkers, mainly related to angiogenesis pathways, have been iden-

tified for sunitinib and pazopanib. Blood baseline levels of VEGF, soluble (s)VEGFR2, 

(s)VEGFR3, IL-6 and single-nucleotide polymorphysms (SNPs) of VEGF/VEGFR and IL-8 

genes, among others, have been associated with response and outcome in RCC patients 

treated with sunitinib and/or pazopanib [9]. 

Selection of prognostic or predictive biomarkers usually relies on genetic alterations 

and secretory factors released by the cancer cells and the cells of the tumor microenviron-

ment (TME). The MET gene codes for a membrane-anchored tyrosine kinase receptor that 
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binds to its ligand hepatocyte growth factor (HGF), which is produced predominantly by 

stromal cells [10]. Activation of the HGF/c-Met axis initiates MAPK and AKT signalling 

pathways that promote proliferation and survival. Overexpression of c-Met in mRCC pa-

tients has been associated with an aggressive phenotype, increased risk of lymph node 

metastasis and an unfavorable outcome [11]. Peltola et al. described that high c-Met tumor 

levels in mRCC patients treated with sunitinib were associated with worse PFS and OS 

[12]. However, Kammerer-Jacquet et al. found no association with outcome [13].  

Overexpression of c-Met modifies the RCC TME, with increase in VEGF-mediated 

angiogenesis and PD-L1 expression [11,13]. In addition to enhancing tumor vascularity 

and permeability, VEGF exerts immunosuppression by intratumoral accumulation of my-

eloid-derived suppressor cells (MDSC) and regulatory T cells (Tregs), as well as by im-

peding the migration of cytotoxic T lymphocytes towards the TME [14,15]. Chemokines 

produced by the tumor cells and the TME are main mediators of immune cell recruitment, 

with a pro-inflammatory or anti-inflammatory effect depending on the chemokine and 

cancer type [16]. Polimeno et al. performed a high-throughput multiplex analysis of cyto-

kines/chemokines together with a multiparametric flow cytometry analysis of immune 

cells in peripheral blood, using a cohort of 77 RCC patients and 40 healthy controls [17]. 

They found that HGF, VEGF, CXCL10, CXCL11, IL-8, IL-4, IL-6, IL-10 and G-CSF levels 

were higher in RCC patients in comparison with controls. Moreover, a protein network 

analysis revealed that these proteins were highly interconnected. In addition, the number 

of circulating CD4+/CD25high/FOXP3+ Tregs was higher in RCC patients, all this suggest-

ing an immunosuppressive phenotype. Several other studies have shown that blood lev-

els of IL-8 and IL-6 are increased and are associated with poor prognosis in RCC patients, 

as well as their role in promoting angiogenesis and suppressing the cytotoxic effect of 

immune cells [18,19]. The interferon-γ-induced chemokines CXCL9, CXCL10 and CXCL11 

are CXCR3 ligands that regulate immune cell trafficking, differentiation and activation 

[16]. Although they exhibit pleiotropic roles in orchestrating tumor immunity and angio-

genesis depending on the context, studies in RCC patients have shown that high tumor 

levels predict poor prognosis [20]. Based on this information we hypothesized that a net-

work of probably interconnected cytokines/chemokines including CXCL9, CXCL10, 

CXCL11, IL-8 and IL-6 would have a relationship with the HGF/c-Met axis and would 

associate with survival in mRCC patients treated with the antiangiogenic drugs sunitinib 

or pazopanib. Our hypothesis is graphically depicted in Figure 1. 

 

Figure 1. Scheme of biomarkers selected to study association with response, prognosis and toxicity 

in mRCC patients treated with sunitinib and/or pazopanib. The interactions between c-Met and 
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HGF expression and activity of cytokines (IL-6, IL-8) and chemokines (CXCL9, CXCL10 and 

CXCL11) suggested by the literature, are shown with arrows. Tumor, endothelial, stromal and im-

mune cells participate in this signaling network. 

2. Patients and Methods  

2.1. Study Design and Patients 

This was a prospective and multicentric study that included patients from 10 Spanish 

Institutions to identify biomarkers of response to sunitinib and pazopanib in mRCC pa-

tients as a first-line treatment, related to HGF/c-Met signalling and angiogenic/inflamma-

tory TME. The primary endpoint was the association between biomarkers and progres-

sion-free survival (PFS) and overall response rate (ORR), according to Response Evalua-

tion Criteria In Solid Tumors (RECIST) 1.1 criteria. The secondary endpoint was the asso-

ciation with overall survival (OS). PFS was defined as the time between treatment initia-

tion and objective progression or death, and OS as the time elapsed between treatment 

initiation and the date of cancer-related death.  

Inclusion criteria were as follows: patients ≥18 years of age, with locally advanced 

metastatic renal cell carcinoma, histopathologic diagnosis of renal clear-cell carcinoma, 

measurable disease by CT or MRI, life expectancy higher than 3 months and written in-

formed consent. Patients with any other prior treatment, including cytokines, were ex-

cluded. The study was approved by the Ethics Committee at each institution and all par-

ticipants provided written informed consent. 

Patients received either 50 mg sunitinib daily for 4 weeks, followed by 2 weeks off 

the drug, or 800 mg pazopanib daily. In the case of 5 subjects, treatment of one of the drugs 

was discontinued at some point during the study (due to toxicity or other non-specified 

reasons) but patients received the other drug until progression. This group is referred to 

as sunitinib/pazopanib. All patients received treatment until there was evidence of disease 

progression, unacceptable toxicity, noncompliance with treatment, withdrawal of the pa-

tient’s informed consent or it was decided by the investigator. 

2.2. Immunohistochemistry in Tumor Samples 

A total number of 31 available paraffin-embedded tumor samples from primary or 

metastatic sites were obtained from patients included in our study. A tissue microarray 

(TMA) was built with 2 cores (1.5 mm diameter) per each paraffin-embedded sample. Im-

munohistochemistry was performed with the anti-c-Met antibody clone ab39075 at 1:100 

(Abcam). Target Retrieval Solution (K8004, Dako) was used for antigen retrieval. The 

TMA was scanned using a Vectra Polaris slide scanner (Akoya Biosciences, Menlo Park, 

CA, USA) and the H-score was calculated.  

2.3. Analysis of Circulating Cytokines/Chemokines in Blood 

An exploratory study of biomarkers related to the Hepatocyte growth factor/c-Met 

(HGF/c-Met) axis, as well as the angiogenic/inflammatory factors interleukin-6 (IL-6), in-

terleukin-8 (IL-8), monokine induced by interferon-gamma (IFN-γ) (MIG, or CXCL9), 

IFN-γ-induced protein 10 (IP-10 or CXCL10) and IFN-γ-inducible T-cell alpha chemoat-

tractant (I-TAC or CXCL11) was conducted.  

Serum samples were obtained from 10 mL blood collected at baseline and 3 months 

after treatment initiation. Samples were aliquoted and frozen at −80 °C until use. The Lu-

minex’s xMAP® Technology multiplex system was used to quantify simultaneously all 

these markers. Analysis was carried out with the Milliplex ™ MAP kit (Merck, Millipore 

Corporation, Kenilworth, NJ, USA), following the manufacturer-specific protocol. Con-

centration of each analyte was assessed according to standard calibration curves. Data are 

given in pg/mL. 
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2.4. Single Nucleotide Polymorphisms (SNPs) in Whole Blood Samples 

Blood was collected in tubes with EDTA and aliquoted at −20 °C until use. Total DNA 

was obtained with the Maxwell® RSC Blood DNA Kit (Promega) following the manufac-

turer’s protocol. Based on previous reports [21,22], the rs1176221 MET polymorphism was 

assessed. Genotyping was carried out using KASPar Technology (LGC Group; 

Hoddesdon, UK) in an ABI PRISM 7900HT Sequence Detection System (Applied Biosys-

tems; Carlsbad, CA, USA). 

2.5. Bioinformatic and Statistical Analysis 

RNASeq2 level III RSEM data from RCC patients included in the international initi-

ative “The Cancer Genome Atlas” (TCGA), were obtained using the Bioconductor pack-

age TCGA2STAT. Analyses were performed with the Log2 transformed RSEM values. 

For the study of biomarkers in our cohort of patients, sample size calculation was 

estimated based on a pivotal phase III trial and a response rate of 40% [23]. Assuming 10% 

dropout rate, 80% power and 5% risk alpha, the sample size would correspond to 53 pa-

tients. Overall response rate (ORR) (complete response [CR] + partial response [PR]) was 

reported using descriptive statistics with 95% confidence intervals (CI). Progression-free 

survival (PFS) and overall survival (OS) were estimated using the Kaplan–Meier method. 

High or low levels of the biomarkers were established based on the median. To evaluate 

the effect of each biomarker on endpoints, Cox’s proportional hazards regression was 

used. Comparisons of circulating levels of cytokines/chemokines between responders and 

non-responders at baseline and 3 months post-treatment were performed with the Mann–

Whitney U test. Correlation between biomarkers was evaluated by the Spearman’s test. 

We also generated a prognostic index (PI) including levels of HGF, IL-6, CXCL10 and 

CXCL11, using Cox’s regression analysis. The formulated PI was defined as the sum of 

the products of the B coefficient for each cytokine and its expression value (pg/mL). The 

discriminative ability of the PI was assessed by the use of Harrell’s concordance coefficient 

(C-index).  

SPSS15.0 (Madrid, Spain), STATA/IC 12.1 (College Station, TX, USA) and GraphPad 

Prism 5 software (GraphPad) were used for statistical analysis and/or representation of 

the results. Data are expressed as means ± SD, statistical assessments were two-sided and 

p-values < 0.05 were deemed significant. 

3. Results 

Patient Characteristics and Treatment Efficiency 

A total of 60 patients were enrolled in the study, with a median age of 65.17 years. 

Clinicopathological characteristics of the patients are shown in Table 1. Forty-six subjects 

were males and 14 were females. Sunitinib was administered as a first-line treatment in 

51 patients (85%), pazopanib in 4 patients (6.7%) and both drugs during the course of their 

disease in 5 patients (8.3%, sunitinib/pazopanib group). In the population evaluable for 

efficiency endpoints (n = 51), the median PFS was 7.9 months (95% CI [5.0–10.7]) and the 

OS 14.8 months (95% CI [9.8–19.8]) (Figure 2A,B). Regarding response rates, 0 patients 

attained a full response, 20 (39.2%) had partial response, 20 (39.2%) showed stable disease 

and 11 (21.6%) progressed. The rate of clinical benefit was 78.4% (n = 40). 
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Figure 2. PFS (A) and OS (B) in our cohort of mRCC patients. c-Met protein expression in primary 

tumors or metastasis samples and its relationship with outcome (C). High levels of c-Met (above the 

H-score median) are associated with lower PFS (C) (p = 0.018) and OS (D) (p = 0.031). The Log-rank 

test was used for the analysis. 

Table 1. Clinicopathological characteristics of the patients included in the study. 

Corhort (n = 60) 

Gender n (%) 

Male 46 (76.7) 

Female 14 (23.3) 

Age at diagnosis (primary tumor)  

<65 31 (51.7) 

≥65 29 (48.3) 

Age at metastasis   

<65 30 (50) 

≥65 30 (50) 

Time between diagnosis and metastasis  

Metastasis at diagnosis 23 (38.3) 

≤1 years 15 (25) 

≤5 years 14 (23.3) 

>5 years 8 (13.3) 

Metastatic disease at study enrollment 60 (100) 

Number of metastatic sites  

1 22 (36.7) 

2 30 (50) 

3 4 (6.7) 

4 4 (6.7) 

Risk factor (MSKCC *)  

Good 9 (15) 
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Intermediate 42 (70 ) 

Bad 9 (15) 

Therapy  

Sunitinib 51 (85) 

Pazopanib 4 (6.7) 

Sunitib + Pazopanib 5 (8.3) 

*, MSKCC = Memorial Sloan Kettering Cancer Centre. 

Table 2 shows a summary of toxicities found in our study. Full details of toxicity are 

shown in Supplementary Table S1. Almost all patients (96.7%) had some degree of toxicity 

throughout the study. The most common ones were asthenia (n = 38, 63.3%), mucositis (n 

= 33, 55%), diarrhea (n = 23, 38.3%), hypertension (n = 23, 38.3%) and thrombocytopenia 

(n = 18, 30%). Mucositis was found in all patients treated with sunitinib/pazopanib and in 

more than 50% of the patients who received sunitinib alone. No grade 4 toxicities were 

observed except for one patient treated with sunitinib who developed severe anemia. 

Table 2. Summary of toxicity findings. 

Toxicity  Sunitinib n (%) Pazopanib n (%) Sunitinib/Pazopanib n (%) Total p 

Asthenia 33 (64.7) 3 (75.0) 2 (40) 38 (63.3) 0.495 

Neutropenia 6 (11.8) - - 6 (10) 0.356 

Hand-foot syndrome 14 (27.5) - 1 (20) 15 (25.0) 0.282 

Hypertension 17 (33.3) 2 (50.0) 1 (20.0) 20 (33.3) 0.635 

Hypothyroidism 5 (9.8) - - 5 (8.3) 0.427 

Cardiotoxicity 1 (2.0) - - 1 (1.7) 0.849 

Mucositis 27 (52.9) 1 (25) 5 (100) 33 (55.0) 0.023 

Diarrhea 18 (35.3) 3 (75.0) 2 (40.0) 23 (38.3) 0.297 

Leukopenia 7 (13.7) - - 7 (11.7) 0.297 

Anemia 14 (27.5) - - 14 (23.3) 0.073 

Thrombocytope-nia 15 (29.4) 1 (25) 2 (40.0) 18 (30.0) 0.864 

4. Biomarkers in Relation to Efficiency Endpoints 

4.1. c-Met protein Expression in Tumors 

We first evaluated c-Met protein expression in primary tumors or metastasis samples 

from available patients (n = 31). After immunohistochemical staining and calculation of 

the H-score, the median was established as a cut-off value to consider high or low c-Met 

protein expression for survival studies (Figure 2C,D). The logrank test showed that high 

c-Met protein levels were associated with lower PFS (p = 0.018) and OS (p = 0.031).  

4.2. Circulating Cytokines, Chemokines and Growth Factors 

At baseline, serum levels of the c-Met ligand HGF were higher (p < 0.05) in patients 

who did not respond (NR) to the treatment in comparison with those who did respond 

(R) (Figure 3A). Such a difference was not observed 3 months after treatment. Moreover, 

high basal HGF levels (over 649.1 pg/mL) were significantly associated with both reduced 

PFS (p = 0.003) and OS (p = 0.0034) (Figure 3B,C). A reduction in HGF levels over the course 

of treatment was also shown to be significantly associated with lower PFS (p = 0.017) (Fig-

ure 3D), but not with OS. 
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Figure 3. Blood levels of HGF and relationship with response and outcome. At baseline, levels of 

HGF are higher (p < 0.05) in patients without response (NR, n = 30) when compared to responders 

(R, n = 19). No changes were observed 3 months after treatment (NR, n = 16; R, n = 15) (A). HGF 

levels above 649.1 pg/mL are significantly associated with lower PFS (B) (p = 0.003) and OS (C) (p = 

0.0034). A reduction in HGF levels after treatment is also significantly associated with lower PFS 

(D) (p = 0.017). The logrank test was used for the analysis. 

Levels of CXCL11 (I-TAC) were significantly higher in patients who did not respond 

to treatment (p < 0.05) than in those who responded (Figure 4A). Such a trend was also 

observed 3 months after treatment, but differences were not statistically significant (Fig-

ure 4A). High levels of CXCL11 (above 39.4 pg/mL) were significantly associated with 

reduced PFS (p = 0.0003) and OS (p = 0.001) (Figure 4B,C). In addition, in patients in which 

a reduction in CXCL11 levels 3 months after treatment was observed, significantly lower 

OS (p = 0.027) (Figure 4D), but not PFS, was found. 
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Figure 4. Blood levels of CXCL11 (ITAC). Higher basal levels are shown in non-responders (NR, n 

= 30, p < 0.05) than in responders (R, n = 19) with a similar trend 3 months after treatment (NR, n = 

16; R, n = 15) (A). Elevated levels of this chemokine are significantly associated with decreased PFS 

(p = 0.003, B) and OS (p = 0.001, C). Reduction in CXCL11 over the course of drug administration is 

also related to worse OS (p = 0.027, D). The logrank test was used for the analysis. 

High levels of CXCL10 (IP-10) in patients (higher than 208.4 pg/mL) before drug ad-

ministration were also able to predict reduced PFS (p = 0.021) (Figure 5A), whereas bor-

derline statistical significance was observed in the case of OS (p = 0.056) (Figure 5B). No 

differences in survival rates were demonstrated 3 months post-treatment. Levels of 

CXCL9 (MIG) were not associated with response or survival.  

Regarding IL-6, slightly lower levels were found in patients who responded to the 

drugs, before treatment and 3 months post drug administration, but without statistical 

differences between the groups (Supplementary Figure S1A). In survival analyses we ob-

served that high basal levels of IL-6 (over 6.0 pg/mL) were significantly associated with 

lower OS (p = 0.029) and were almost significantly associated with lower PFS (p = 0.052) 

(Figure 5C,D). On the contrary, no relationship between levels of IL-8 and any of the effi-

ciency parameters was observed. 
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Figure 5. Blood levels of CXCL10 (IP-10) and IL-6. Both PFS (A) and OS (B) are significantly 

shorter in patients with high basal levels of CXCL10. Patients with high IL-6 basal concentration 

tend to show lower PFS (p = 0.052) (C) and are statistically reduced in the case of OS (p = 0.029) 

(D). 

4.3. Cox Proportional-Hazards Model and Prognostic Index for Risk Stratification 

Using the univariable Cox proportional-hazards model, high HGF, CXCL10 and 

CXCL11 levels were shown to be significantly related to lower PFS and OS, except for 

CXCL10 in the case of OS (Tables 3 and 4). Multivariable Cox analysis considering varia-

bles HGF, IL6, CXCL10 and CXCL11, revealed that CXCL11 was an independent bi-

omarker to predict PFS (HR 3.23 [1.42–7.37], p = 0.005) and OS (HR 4.24 [1.53–11.70], p = 

0.005). HGF was also shown as an independent biomarker in the prediction of PFS (HR 

3.31 [1.43–7.65], p = 0.005) but not OS (HR 2.18 [0.90–5.23], p = 0.081). We next conducted 

a Cox regression analysis to develop a prognostic index (PI) that took into account protein 

levels of HGF, IL-6, CXCL10 and CXCL11. The PI equation was defined by the following 

formula: PI = 0.00036 × HGF + 0.0069 × IL-6 + 0.0004 × CXCL10 + 0.0063 × CXCL11.  

As shown in Tables 3 and 4, the PI was superior to individual biomarkers alone in 

predicting risk of PFS (HR 5.28 [2.32–12.0], p < 0.0001). Regarding OS, high levels of 

CXCL11 alone were able to predict lower survival better than any of the other biomarkers 

or the PI (HR 5.38 [2.04–14.19], p < 0.0001 for CXCL11 and HR 4.82 [2.03–11.42], p < 0.001 

for the PI). For assessment of the possible influence of any of the clinicopathological char-

acteristics of our cohort on the PI, we used Chi2 correlation after dichotomization (low vs. 

high) of the PI by the median. This analysis ruled out any significant influence of clinico-

pathological parameters and the variables studied (Supplementary Table S2). Perfor-

mance, assessed by sensitivity, specificity and area under the receiver operating charac-

teristic curve (ROC), were estimated for each individual marker and the PI (Supplemen-

tary Figure S2). 
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Table 3. Univariable and multivariable Cox proportional-hazards model for PFS. 

Cytokine/Chemokine Univariable Cox Hazards Model (PFS) Multivariable Cox Hazards Model (PFS) 
 Cohort Progression         

 N N Person-Years Crude HR 95% CI p HR 95% CI p LR p 

HGF 55 28        

22.3 0.0002 

Low 27 10 0.24 1  
0.001 

1  
0.005 

High 28 18 0.44 3.85 (1.74–8.47) 3.31 (1.43–7.65) 

IL-6 55         

Low 27 14 0.34 1  
0.144 

1  
0.531 

High 28 14 0.34 1.73 (0.82–3.64) 1.28 (0.58–2.79) 

CXCL-10 55         

Low 27 10 0.24 1  
0.026 

1  
0.852 

High 28 18 0.44 2.33 (1.10–4.94) 1.08 (0.46–2.52) 

CXCL-11 55         

Low 27 8 0.19 1  
0.001 

1  
0.005 

High 28 20 0.48 3.86 (1.75–8.50) 3.23 (1.42–7.37) 

Prognostic Index (PI) 55         

Low 27 9 0.22 1  
<0.0001 

  
 

High 28 19 0.46 5.28 (2.32–12.0)   

Table 4. Univariable and multivariable Cox proportional-hazards model for OS. 

Cytokine/Chemokine    Univariable Cox Hazards Model (OS)Multivariable Cox Hazards Model (OS)
 Cohort Exitus         

 N N Person-Years Crude HR 95% CI p HR 95% CI p LR p 

HGF 55 28        

19.29 0.0007 

Low 27 8 0.16 1  
0.005 

1  
0.081 

High 28 20 0.39 3.15 (1.40–7.07) 2.18 (0.90–5.23) 

IL-6 55         

Low 27 11 0.22 1  
0.069 

1  
0.715 

High 28 17 0.34 1.99 (0.94–4.20) 1.16 (0.51–2.64) 

CXCL-10 55         

Low 27 10 0.20 1  
0.062 

1  
0.942 

High 28 18 0.35 2.07 (0.96–4.46) 1.22 (0.39–2.37) 

CXCL-11 55         

Low 27 4 0.08 1  
0.001 

1  
0.005 

High 28 22 0.43 5.38 (2.04–14.1) 4.24 (1.53–11.7 ) 

Prognostic Index (PI) 55         

Low 27 7 0.14 1  
<0.0001 

   

High 28 21 0.41 4.82 (2.03–11.42)    

We also calculated Harrel’s concordance coefficient (C-index) for the PI: 0.70 for PFS 

and 0.69 for OS (Supplementary Table S3). The PI fulfilled the proportional hazards as-

sumption for both RFS and OS (p = 0.52 and 0.73, respectively). Comparison of the C-index 

between the PI and individual biomarkers showed that the PI outperformed IL-6 and 

CXCL10 for predicting PFS and CXCL10 in the case of OS, with no statistical differences 

for the other markers (Supplementary Table S2).  

4.4. Circulating HGF Levels Strongly Correlate with CXCL11, CXCL10 and IL-6 Levels 

We next studied correlation between the HGF/c-Met axis and levels of CXCL11, 

CXCL10 and IL6. While no correlation was shown between c-Met tumor protein levels 

and circulating chemokines/cytokines, a very significant positive correlation was ob-

served between its ligand HGF and CXCL11 (p < 0.0001), CXCL10 (p < 0.01) and IL-6 (p < 
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0.0001) (Figure 6A–C). We also studied whether tumor mRNA levels of these factors 

would be correlated as well. Using the TCGA dataset of RCC samples, we found that ex-

pression of HGF was also significantly correlated with expression of CXCL11 (p = 0.0015), 

CXCL10 (p = 0.0004) and IL-6 (p < 0.0001) (Figure 6D–F). All this suggests an interrelated 

expression and secretion of these factors in RCC patients. 

Using the publicly available software STRING, protein–protein interactions between 

these cytokines/chemokines were evaluated (Supplementary Figure S1B). There was a sig-

nificant interaction between these proteins (PPI enrichment p value: 0.0067), with a local 

cluster coefficient of 0.833. 

 

Figure 6. Correlation analysis between HGF levels and amount of CXCL11, CXCL10 and IL6. In 

our cohort of patients, a very significant positive correlation is observed between blood HGF and 

CXCL11 (p < 0.0001) (A), CXCL10 (p < 0.01) (B) and IL-6 (p < 0.0001) (C). Using public data from 

TCGA, mRNA levels of HGF are also significantly correlated with those of CXCL11 (p = 0.0015) 

(D), CXCL10 (p = 0.0004) (E) and IL-6 (p = 0.0001) (F). Correlation was determined using Spear-

man’s rank correlation test. 

4.5. Genetic Polymorphism rs1176221 in the MET Gene 

We studied germline polymorphisms rs1176221 in MET gene in 57 of the patients 

where a whole blood sample was available. In 86% (n = 49) of the patients we found 

rs1176221=G/G, whereas in the remaining 14.0% (n = 8) we observed a G/A. The presence 

of the variant was not associated with any of the parameters related to efficiency studied: 

response to treatment, PFS or OS. 

5. Biomarkers in Relation to Toxicity 

No significant association between amount of cytokines/chemokines or a particular 

SNP and toxicity was found.  

6. Discussion 

At present, there is no conclusive evidence supporting one specific sequence for the 

treatment of mRCC patients, with numerous therapeutic options in first-, second- and 

third-line settings [9]. Even in the era of immunotherapy, anti-angiogenic therapy with 

sunitinib and pazopanib remains as an appropriate option as first-line treatment for pa-

tients with IMDC favorable risk [5]. In this scenario, biomarkers could help in deciding 
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the optimal drug for a particular patient in terms of efficacy and toxicity. In the case of 

sunitinib and pazopanib, several biomarkers have been related to response, survival or 

side effects. Most of these biomarkers are related to VEGF and interleukin signaling [9]. 

In the present study we have shown that high basal circulating levels of HGF, CXCL10, 

CXCL11 and IL-6 are associated with a lack of response to sunitinib and/or pazopanib, 

and a worse outcome in mRCC patients. In keeping with these results, in a phase III clin-

ical trial including RCC patients that received either pazopanib or placebo, high baseline 

serum concentration of IL-8, HGF, IL-6 and TIMP1 was significantly associated with 

worse prognosis, independently on the treatment arm [24].  

In agreement with our initial hypothesis, HGF levels are strongly correlated with 

those of CXCL10, CXCL11 and IL-6, suggesting that HGF/c-Met signaling is inducing an 

angiogenic and inflammatory response that impairs the effect of these TKIs. Moreover, 

our bioinformatic analysis using the protein–protein interaction software STRING re-

vealed a significant network that comprises these biomarkers. Such results are also in 

keeping with those reported by Polimeno et al. who identified a functional cluster of blood 

factors from mRCC patients that includes HGF, IL-6, CXCL10 and CXCL11, suggesting a 

functional coordinate secretion [17]. In addition, the prognostic index that we have devel-

oped shows that PFS in mRCC patients treated with TKIs can be more accurately pre-

dicted when all these biomarkers are considered rather than just taking into account single 

biomarkers.  

c-Met signaling has been shown to remodel tumor vasculature and induce the pro-

duction of IL-6 [25–27] and IL-8 [28,29]. Chronic exposure of these pro-inflammatory cy-

tokines stimulates cancer cell proliferation, angiogenesis and recruitment of immune cells 

with an immunosuppressive profile [30]. During inflammation, tumor infiltrating im-

mune cells produce INF-γ, which in turn activates a variety of INF-γ-induced genes 

through the JAK/STAT pathway, such as CXCL9, CXCL10 and CXCL11 [31].  

The C-X-C motif chemokine ligand 10 (CXCL10) plays a role in chemotaxis, regula-

tion of cell growth and angiostasis [32]. Deregulation of CXCL10 has been related to 

chronic inflammation, autoimmunity, tumor development, metastatic dissemination and 

infectious diseases [32]. Under pro-inflammatory conditions, CXCL10 can be secreted by 

monocytes, neutrophils, eosinophils, endothelial cells and fibroblasts in response to INF-

γ and act on target cells through the CXCR3 receptor, expressed on activated T lympho-

cytes, natural killer (NK) cells, inflammatory dendritic cells, macrophages and B cells [32]. 

Both pro- and anti-tumor effects have been described for CXL10, depending on the tumor 

type and context [32]. CXCL10 is up-regulated in many cancer types including RCC, 

where very high levels compared with healthy individuals have been reported [20]. Levels 

of CXCL10 are modulated by drug treatment in mRCC patients. Thus, Choueiri et al. [33] 

described that CXCL10 increased by 37% in blood samples from mRCC patients treated 

with nivolumab. Xu et al. [34] have recently conducted an analysis of circulating bi-

omarkers in plasma samples from patients that participated in the ECOG-ACRIN 2805 

(ASSURE) trial. In this study, consisting of adjuvant treatment with VEGFR TKIs in re-

sected mRCC patients, CXCL10 was demonstrated to be significantly elevated 4–6 weeks 

post treatment in those subjects receiving sunitinib or sorafenib. Moreover, high basal lev-

els of this chemokine were associated with reduced DFS [34]. Our results are also in line 

with these findings, strongly suggesting that CXCL10 warrants further consideration as a 

promising biomarker of response to sunitinib.  

CXCL11, also known as interferon-γ-inducible T-cell chemoattractant alpha (I-TAC), 

is expressed by different cell types, including leukocytes, and is responsible for activation 

and accumulation of T cells upon binding to CXCR3. An immunohistochemical study in 

RCC samples found a 14.9-fold increase in CXCl11 levels compared to normal kidneys 

[35]. Double immunofluorescence identified this chemokine in pericytes and vascular 

smooth muscle cells (VSMCs) of tumor angiogenic vessels [35]. Similar to CXCL10, 

CXCL11 may play anti-tumor or pro-tumor functions depending on the tissue context 

[16]. In experimental models of colon cancer, local exposure to CXCL11 stimulates tumor 
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growth, without affecting tumor angiogenesis in vivo [36], but no information is available 

for RCC models. The role of CXCL11 as a biomarker in RCC patients has also been poorly 

studied and our findings showing an association with a response to sunitinib and/or paz-

opanib may encourage future studies to evaluate this chemokine as a possible predictor 

of response to TKIs.  

In the evolving landscape of treatment options for patients with RCC, the TKI 

cabozantinib showed superiority over sunitinib in IMDC intermediate- and poor-risk pa-

tients (CABOSUN trial [37]). Cabozantinib targets VEGF receptors in addition to c-Met 

and AXL, which are involved in resistance against anti-VEGF therapies [38]. Although 

predictive biomarkers for cabozantinib have not been identified yet, the analysis of circu-

lating HGF, IL-6, CXCL10 and CXCL11 could be appropriate candidates. This hypothesis 

is supported by results presented here and the publications suggesting that these factors 

may constitute a secretory cluster in RCC related to c-Met signaling.  

Another interesting area that is currently being explored is the combination between 

ICIs and antiangiogenic TKIs. VEGF increases the number of Tregs and MDSCs in tumors, 

whereas antiangiogenic therapy using bevacizumab or sunitinib reduces these immuno-

suppressive populations [39]. The crosstalk between angiogenesis, inflammatory cyto-

kines and chemotaxis of immune cells has fueled trials testing combinations between 

VEGF-TKI and anti-PDL-1/PD-1 in RCC patients [39]. These trials have shown promising 

anti-tumor efficacy [39], but biomarkers will be necessary to predict who may benefit from 

these treatments. Since CXCL10, CXCL11 and IL-6 are in the crossroad between angiogen-

esis and immunity, they may also be considered as potential biomarkers in this setting.  

In summary, we have shown that high basal circulating levels of HGF, IL-6, CXCL10 

and CXCL11 are associated with reduced PFS and OS in mRCC patients treated with 

sunitinib and/or pazopanib. IL-6, CXCL10 and CXCL11 levels are strongly correlated with 

HGF levels in these patients, advocating the existence of a secretory network of angiogenic 

and immunosuppressive factors related to c-Met signaling which may impair the effect of 

TKIs. Hence, these cytokines/chemokines could represent accurate biomarkers of re-

sponse to antigangiogenic-based therapy. Nonetheless, our study has several limitations, 

such as the limited number of patients and the lack of confirmatory results in an inde-

pendent cohort. Validation studies in a prospective series of patients should be performed 

to ascertain the possible clinical value of these biomarkers. In addition, it is suggestive to 

consider these biomarkers in RCC patients treated with immunomodulatory drugs.  

Supplementary Materials: The following are available online at www.mdpi.com/arti-

cle/10.3390/cancers13112849/s1, Supplementary Figure S1. Blood levels of IL-6 in responder and 

non-responder patients (A). STRING network analysis reveals significant interactions between 

HGF, IL-6, CXCL10 and CXCL11 (PPI enrichment p value: 0.0067) (B). Supplementary Figure S2. 

Performance parameters for prediction of PFS and OS: ROC curves for the individual biomarkers 

and for the PI. Sensitivity and specificity data at the optimal cut-off value are shown in the Table 

below the graphics; Table S1. Toxicities found in the study, Table S2. Chi2 correlation results evalu-

ating the Prognostic Index (PI) (low vs. high) and the clinicopathological variables; Table S3. Har-

rell’s Concordance (C) coefficient for each individual biomarker and for the PI index. 

Author Contributions: Conceptualization, A.C. and E.E.; data curation, F.E., M.R., C.R.-A., E.R. and 

D.S.; formal analysis, A.C.; funding acquisition, E.E. and A.C.; investigation, E.E., G.C., J.L., A.P., 

J.P., J.A.A., F.E., M.R., C.R.-A., C.d.A., M.L.-B., E.R., A.R., D.S., J.G., E.G., D.C. and A.C.; methodol-

ogy, F.E., M.R., C.R.-A., C.d.A., E.R. and D.S.; supervision, A.C.; writing—original draft preparation, 

A.C.; All authors have read and agreed to the published version of the manuscript.” 

Funding: This work was funded by Pfizer, FIMA (Foundation for Applied Medical Research) and 

CIBERONC CB16/12/00443.  

Institutional Review Board Statement: The study was conducted according to the guidelines of the 

Declaration of Helsinki, and was approved by the Ethics Committee of SOGUG (Grupo Español de 

Oncología Genitourinaria; protocol code SOG-ANG-2013-01; date of approval: 1 January 2013). 



Cancers 2021, 13, 2849 15 of 17 
 

 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 

study. 

Data Availability Statement: Data are available on request from the corresponding author. 

Acknowledgments: The authors are grateful to the following Institutions for fellowship support: 

“FPU, Spanish Ministry of Education” to Esther Redin; “Juan de la Cierva-Incorporacion, Spanish 

Ministry of Science and Innovation” to Diego Serrano and “Asociación de Amigos de la Universidad 

de Navarra” in association with “La Caixa” Banking Foundation to Francisco Exposito.  

Conflicts of Interest: EG received Honoraria for speaker engagements, advisory roles or funding of 

continuous medical education from Adacap, AMGEN, Angelini, Astellas, Astra Zeneca, Bayer, 

Blueprint, Bristol Myers Squibb, Caris Life Sciences, Celgene, Clovis-Oncology, Eisai, Eusa Pharma, 

Genetracer, Guardant Health, HRA-Pharma, IPSEN, ITM-Radiopharma, Janssen, Lexicon, Lilly, 

Merck KGaA, MSD, Nanostring Technologies, Natera, Novartis, ONCODNA (Biosequence), 

Palex, Pharmamar, Pierre Fabre, Pfizer, Roche, Sanofi-Genzyme, Servier, Taiho, Thermo Fisher 

Scientific. EG has received research grants from Pfizer, Astra Zeneca, Astellas, and Lexicon Phar-

maceuticals. GC declares lecture fees from Bristol-Myers Squibb, Pierre Fabre , Rache , Eusa 

Pharma, Ipsen, Sanafi, and advisary fees fram Bristal-Myers Squibb, lpsen ; and travel grants 

fram Bristal-Myers Squibb, MSD, Pierre Fabre, Rache, Ipsen. JA declares Advisory role: Astellas 

Merck, Pfizer, Janssen, MSD, BMS; Eusa Pharma. Speaker in scientific events: Astellas Merck, Pfizer, 

Janssen, MSD, BMS. Research funding: BMS. JG reports personal fees from AstraZeneca, 

Boehringer-Ingelheim, MSD, Novartis, Pierre Fabre, Roche, Rovi and Sanofi; and personal fees and 

non-financial support from Bristol-Myers Squibb, Lilly, MSD and Roche, outside the submitted 

work. 

References 

1. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2020. CA A Cancer J. Clin. 2020, 70, 7–30. 

2. Padala, S.A.; Barsouk, A.; Thandra, K.C.; Saginala, K.; Mohammed, A.; Vakiti, A.; Rawla, P.; Barsouk, A. Epidemiology of Renal 

Cell Carcinoma. World J. Oncol. 2020, 11, 79–87, doi:10.14740/wjon1279. 

3. Patel, H.V.; Shinder, B.; Srinivasan, R.; Singer, E.A. Challenges and opportunities in the management of metastatic renal cell 

carcinoma: Combination therapy and the role of cytoreductive surgery. Curr. Opin. Oncol. 2020, 240–249, 

doi:10.1097/CCO.0000000000000621. 

4. Hutson, T.E. Targeted Therapies for the Treatment of Metastatic Renal Cell Carcinoma: Clinical Evidence. Oncology 2011, 16, 

14–22, doi:10.1634/theoncologist.2011-s2-14. 

5. McKay, R.R.; Bossé, D.; Choueiri, T.K. Evolving Systemic Treatment Landscape for Patients with Advanced Renal Cell Carci-

noma. J. Clin. Oncol. 2018, 36, 3615–3623, doi:10.1200/jco.2018.79.0253. 

6. Motzer, R.J.; Tannir, N.M.; McDermott, D.F.; Frontera, O.A.; Melichar, B.; Choueiri, T.K.; Plimack, E.R.; Barthélémy, P.; Porta, 

C.; George, S.; et al. Nivolumab plus Ipilimumab versus Sunitinib in Advanced Renal-Cell Carcinoma. N. Engl. J. Med. 2018, 378, 

1277–1290, doi:10.1056/nejmoa1712126. 

7. Motzer, R.J.; Penkov, K.; Haanen, J.; Rini, B.; Albiges, L.; Campbell, M.T.; Venugopal, B.; Kollmannsberger, C.; Negrier, S.; 

Uemura, M.; et al. Avelumab plus Axitinib versus Sunitinib for Advanced Renal-Cell Carcinoma. N. Engl. J. Med. 2019, 380, 

1103–1115, doi:10.1056/nejmoa1816047. 

8. Rini, B.I.; Plimack, E.R.; Stus, V.; Gafanov, R.; Hawkins, R.; Nosov, D.; Pouliot, F.; Alekseev, B.; Soulières, D.; Melichar, B.; et al. 

Pembrolizumab plus Axitinib versus Sunitinib for Advanced Renal-Cell Carcinoma. N. Engl. J. Med. 2019, 380, 1116–1127, 

doi:10.1056/nejmoa1816714. 

9. D’Aniello, C.; Berretta, M.; Cavaliere, C.; Rossetti, S.; Facchini, B.A.; Iovane, G.; Mollo, G.; Capasso, M.; Della Pepa, C.; Pesce, L.; 

et al. Biomarkers of Prognosis and Efficacy of Anti-angiogenic Therapy in Metastatic Clear Cell Renal Cancer. Front. Oncol. 2019, 

9, doi:10.3389/fonc.2019.01400. 

10. Della Corte, C.M.; Fasano, M.; Papaccio, F.; Ciardiello, F.; Morgillo, F. Role of HGF-MET signaling in primary and acquired 

resistance to targeted therapies in cancer. Biomedicines 2014, 345–358, doi:10.3390/biomedicines2040345. 

11. Marona, P.; Górka, J.; Kotlinowski, J.; Majka, M.; Jura, J.; Miekus, K. C-Met as a Key Factor Responsible for Sustaining 

Undifferentiated Phenotype and Therapy Resistance in Renal Carcinomas. Cells 2019, 8, 272, doi:10.3390/cells8030272. 

12. Peltola, K.J.; Penttilä, P.; Rautiola, J.; Joensuu, H.; Hänninen, E.; Ristimäki, A.; Bono, P. Correlation of c-Met Expression and 

Outcome in Patients With Renal Cell Carcinoma Treated With Sunitinib. Clin. Genitourin. Cancer 2017, 15, 487–494. 

13. Kammerer-Jacquet, S.-F.; Medane, S.; Bensalah, K.; Bernhard, J.-C.; Yacoub, M.; Dupuis, F.; Ravaud, A.; Verhoest, G.; Mathieu, 

R.; Peyronnet, B.; et al. Correlation of c-MET Expression with PD-L1 Expression in Metastatic Clear Cell Renal Cell Carcinoma 

Treated by Sunitinib First-Line Therapy. Target. Oncol. 2017, 12, 487–494, doi:10.1007/s11523-017-0498-1. 

14. Hirsch, L.; Flippot, R.; Escudier, B.; Albiges, L. Immunomodulatory Roles of VEGF Pathway Inhibitors in Renal Cell Carcinoma. 

Drugs 2020, 80, 1169–1181, doi:10.1007/s40265-020-01327-7. 



Cancers 2021, 13, 2849 16 of 17 
 

 

15. Garje, R.; An, J.; Greco, A.; Vaddepally, R.K.; Zakharia, Y. The Future of Immunotherapy-Based Combination Therapy in 

Metastatic Renal Cell Carcinoma. Cancers 2020, 12, 143, doi:10.3390/cancers12010143. 

16. Tokunaga, R.; Zhang, W.U.; Naseem, M.; Puccini, A.; Berger, M.D.; Soni, S.; McSkane, M.; Baba, H.; Lenz, H.J. CXCL9, CXCL10, 

CXCL11/CXCR3 axis for immune activation—A target for novel cancer therapy. Cancer Treat. Rev. 2018, 40–47, 

doi:10.1016/j.ctrv.2017.11.007. 

17. Polimeno, M.; Napolitano, M.; Costantini, S.; Portella, L.; Esposito, A.; Capone, F.; Guerriero, E.; Trotta, A.M.; Zanotta, S.; Pucci, 

L.; et al. Regulatory T cells, interleukin (IL)-6, IL-8, Vascular endothelial growth factor (VEGF), CXCL10, CXCL11, epidermal 

growth factor (EGF) and hepatocyte growth factor (HGF) as surrogate markers of host immunity in patients with renal cell 

carcinoma. BJU Int. 2013, 112, 686–696, doi:10.1111/bju.12068. 

18. Sanmamed, M.F.; Carranza-Rua, O.; Alfaro, C.; Oñate, C.; Martín-Algarra, S.; Perez, G.; Landazuri, S.F.; Gonzalez, Á.; Gross, S.; 

Rodriguez, I.; et al. Serum Interleukin-8 Reflects Tumor Burden and Treatment Response across Malignancies of Multiple Tissue 

Origins. Clin. Cancer Res. 2014, 20, 5697–5707, doi:10.1158/1078-0432.ccr-13-3203. 

19. Gudbrandsdottir, G.; Aarstad, H.H.; Bostad, L.; Hjelle, K.M.; Aarstad, H.J.; Bruserud, Ø.; Tvedt, T.H.A.; Beisland, C. Serum 

levels of the IL-6 family of cytokines predict prognosis in renal cell carcinoma (RCC). Cancer Immunol. Immunother. 2021, 70, 19–

30, doi:10.1007/s00262-020-02655-z. 

20. Liu, W.; Liu, Y.; Fu, Q.; Zhou, L.; Chang, Y.; Xu, L.; Zhang, W.; Xu, J. Elevated expression of IFN-inducible CXCR3 ligands 

predicts poor prognosis in patients with non-metastatic clear-cell renal cell carcinoma. Oncotarget 2016, 7, 13976–13983, 

doi:10.18632/oncotarget.7468. 

21. Hakimi, A.A.; Ostrovnaya, I.; Jacobsen, A.; Susztak, K.; Coleman, J.A.; Russo, P.; Winer, A.G.; Mano, R.; Sankin, A.I.; Motzer, 

R.J. Validation and genomic interrogation of the MET variant rs11762213 as a predictor of adverse outcomes in clear cell renal 

cell carcinoma. Cancer 2016, 122, 402–410. 

22. Schutz, F.A.B.; Pomerantz, M.M.; Gray, K.P.; Atkins, M.B.; Rosenberg, J.E.; Hirsch, M.S.; McDermott, D.F.; Lampron, M.E.; Lee, 

G.-S.M.; Signoretti, S.; et al. Single nucleotide polymorphisms and risk of recurrence of renal-cell carcinoma: A cohort study. 

Lancet Oncol. 2013, 14, 81–87, doi:10.1016/s1470-2045(12)70517-x. 

23. Mauge, L.; Méjean, A.; Fournier, L.; Pereira, H.; Etienne-Grimaldi, M.-C.; Levionnois, E.; Caty, A.; Abadie-Lacourtoisie, S.; 

Culine, S.; Le Moulec, S.; et al. Sunitinib Prior to Planned Nephrectomy in Metastatic Renal Cell Carcinoma: Angiogenesis 

Biomarkers Predict Clinical Outcome in the Prospective Phase II PREINSUT Trial. Clin. Cancer Res. 2018, 24, 5534–5542, 

doi:10.1158/1078-0432.ccr-18-1045. 

24. Tran, H.T.; Liu, Y.; Zurita, A.J.; Lin, Y.; Baker-Neblett, K.L.; Martin, A.-M.; Figlin, R.A.; Hutson, T.E.; Sternberg, C.N.; Amado, 

R.G.; et al. Prognostic or predictive plasma cytokines and angiogenic factors for patients treated with pazopanib for metastatic 

renal-cell cancer: A retrospective analysis of phase 2 and phase 3 trials. Lancet Oncol. 2012, 13, 827–837, doi:10.1016/s1470-

2045(12)70241-3. 

25. Ding, X.; Ji, J.; Jiang, J.; Cai, Q.; Wang, C.; Shi, M.; Yu, Y.; Zhu, Z.; Zhang, J. HGF-mediated crosstalk between cancer-associated 

fibroblasts and MET-unamplified gastric cancer cells activates coordinated tumorigenesis and metastasis. Cell Death Dis. 2018, 

9, 867, doi:10.1038/s41419-018-0922-1. 

26. Ito, Y.; Correll, K.; Zemans, R.L.; Leslie, C.C.; Murphy, R.C.; Mason, R.J. Influenza induces IL-8 and GM-CSF secretion by human 

alveolar epithelial cells through HGF/c-Met and TGF-α/EGFR signaling. Am. J. Physiol. Cell Mol. Physiol. 2015, 308, L1178–L1188, 

doi:10.1152/ajplung.00290.2014. 

27. Coudriet, G.M.; He, J.; Trucco, M.; Mars, W.M.; Piganelli, J.D. Hepatocyte Growth Factor Modulates Interleukin-6 Production 

in Bone Marrow Derived Macrophages: Implications for Inflammatory Mediated Diseases. PLoS ONE 2010, 5, e15384, 

doi:10.1371/journal.pone.0015384. 

28. Hill, K.S.; Gážiová, I.; Harrigal, L.; Guerra, Y.A.; Qiu, S.; Sastry, S.K.; Arumugam, T.; Logsdon, C.D.; Elferink, L.A. Met Receptor 

Tyrosine Kinase Signaling Induces Secretion of the Angiogenic Chemokine Interleukin-8/CXCL8 in Pancreatic Cancer. PLoS 

ONE 2012, 7, e40420, doi:10.1371/journal.pone.0040420. 

29. Knowles, L.M.; Stabile, L.P.; Egloff, A.M.; Rothstein, M.E.; Thomas, S.M.; Gubish, C.T.; Lerner, E.C.; Seethala, R.R.; Suzuki, S.; 

Quesnelle, K.M.; et al. HGF and c-Met Participate in Paracrine Tumorigenic Pathways in Head and Neck Squamous Cell Cancer. 

Clin. Cancer Res. 2009, 15, 3740–3750, doi:10.1158/1078-0432.ccr-08-3252. 

30. Landskron, G.; De La Fuente, M.; Thuwajit, P.; Thuwajit, C.; Hermoso, M.A. Chronic Inflammation and Cytokines in the Tumor 

Microenvironment. J. Immunol. Res. 2014, 2014, 1–19, doi:10.1155/2014/149185. 

31. Castro, F.; Cardoso, A.; Gonçalves, R.M.; Serre, K.; Oliveira, M.J. Interferon-Gamma at the Crossroads of Tumor Immune Sur-

veillance or Evasion. Front. Immunol. 2018, 9, 847, doi:10.3389/fimmu.2018.00847. 

32. Liu, M.; Guo, S.; Stiles, J.K. The emerging role of CXCL10 in cancer (Review). Oncol. Lett. 2011, 2, 583–589, doi:10.3892/ol.2011.300. 

33. Choueiri, T.K.; Fishman, M.N.; Escudier, B.; McDermott, D.F.; Drake, C.G.; Kluger, H.; Stadler, W.M.; Perez-Gracia, J.L.; McNeel, 

D.G.; Curti, B.; et al. Immunomodulatory activity of nivolumab in metastatic renal cell carcinoma. Clinical Cancer Research. 

Am. Assoc. Cancer Res. Inc. 2016, 22, 5461–5471. 

34. Xu, W.; Puligandla, M.; Manola, J.; Bullock, A.J.; Tamasauskas, D.; McDermott, D.F.; Atkins, M.B.; Haas, N.B.; Flaherty, K.; Uzzo, 

R.G.; et al. Angiogenic Factor and Cytokine Analysis among Patients Treated with Adjuvant VEGFR TKIs in Resected Renal 

Cell Carcinoma. Clin. Cancer Res. 2019, 25, 6098–6106, doi:10.1158/1078-0432.ccr-19-0818. 



Cancers 2021, 13, 2849 17 of 17 
 

 

35. Suyama, T.; Furuya, M.; Nishiyama, M.; Kasuya, Y.; Kimura, S.; Ichikawa, T.; Ueda, T.; Nikaido, T.; Ito, H.; Ishikura, H. Up-

regulation of the interferon γ (IFN-γ)-inducible chemokines IFN-inducible T-cell α chemoattractant and monokine induced by 

IFN-γ and of their receptor CXC receptor 3 in human renal cell carcinoma. Cancer 2005, 103, 258–267, doi:10.1002/cncr.20747. 

36. Rupertus, K.; Sinistra, J.; Scheuer, C.; Nickels, R.M.; Schilling, M.K.; Menger, M.D.; Kollmar, O. Interaction of the chemokines I-

TAC (CXCL11) and SDF-1 (CXCL12) in the regulation of tumor angiogenesis of colorectal cancer. Clin. Exp. Metast. 2014, 31, 

447–459, doi:10.1007/s10585-014-9639-4. 

37. Choueiri, T.K.; Halabi, S.; Sanford, B.L.; Hahn, O.; Michaelson, M.D.; Walsh, M.K.; Feldman, D.R.; Olencki, T.; Picus, J.; Small, 

E.J.; et al. Cabozantinib Versus Sunitinib As Initial Targeted Therapy for Patients with Metastatic Renal Cell Carcinoma of Poor 

or Intermediate Risk: The Alliance A031203 CABOSUN Trial. J. Clin. Oncol. 2017, 35, 591–597, doi:10.1200/jco.2016.70.7398. 

38. Abdelaziz, A.; Vaishampayan, U. Cabozantinib for Renal Cell Carcinoma: Current and Future Paradigms. Curr. Treat. Opt. Oncol. 

2017, 18, 18, doi:10.1007/s11864-017-0444-6. 

39. Ntellas, P.; Mavroeidis, L.; Gkoura, S.; Gazouli, I.; Amylidi, A.-L.; Papadaki, A.; Zarkavelis, G.; Mauri, D.; Karpathiou, G.; Ko-

lettas, E.; et al. Old Player-New Tricks: Non Angiogenic Effects of the VEGF/VEGFR Pathway in Cancer. Cancers 2020, 12, 3145, 

doi:10.3390/cancers12113145. 


