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Abstract 

Immune checkpoint inhibitor (ICI) became a standard treatment for advanced renal cell carcinoma 
(RCC). However, clinically valid biomarkers of therapeutic outcome are lacking. We investigated 
the role of interleukin-10 (IL-10) as a predictive biomarker for first-line ICI therapy in patients with 
advanced RCC. Baseline serum samples were prospectively collected and analyzed using a 
cytometric bead assay. Patients were divided into two groups according to their serum IL-10 levels 
using maximally selected rank statistics. A fraction (13.0%) of patients had high levels of serum IL-10 
at baseline. High serum IL-10 levels (> 4.3 ng/mL) were associated with a significantly shorter 
progression-free (median: 5.2 months vs. not reached, P = 0.007) and overall survival (median: 13.9 
months vs. not reached, P < 0.001). Multivariate Cox regression analysis confirmed the independent 
association between high serum IL-10 levels and poor survival outcomes. Effector cytokine 
production and the proliferative response of CD8+ T cells were significantly lower in patients with 
high serum IL-10 levels, who also had a shorter duration of response to first-line ICI therapy (4.6 
months vs. not reached, P < 0.001). In conclusion, elevated serum IL-10 levels at baseline were 
associated with reduced clinical benefit from first-line ICI therapy in patients with advanced RCC. 
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Introduction 
The treatment of advanced renal cell carcinoma 

(RCC) continues to develop based on a growing 
understanding of the pathophysiology of the disease 
[1]. Clear cell carcinoma, the most common type of 
RCC, is characterized by the activation of angiogenic 
signaling pathways such as vascular endothelial 
growth factor (VEGF), and hypoxia-inducible factor 
(HIF) through mutations in the Von Hippel-Lindau 

(VHL) gene [2-4]. Based on these characteristics, 
treatments targeting tumor angiogenesis started to 
emerge in 2006. Sunitinib, an oral multi-targeted 
receptor tyrosine kinase inhibitor, has a clear survival 
benefit in patients with advanced RCC compared to 
interferon alpha [5-7]. Since then, various 
angiogenesis-targeted agents such as pazopanib, 
bevacizumab, axitinib, cabozantinib, and lenvatinib 
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have been approved for the treatment of advanced 
RCC [8-15]. 

The recent emergence of immune checkpoint 
inhibitors (ICI) has led to a paradigm shift in the 
landscape of cancer [16-18]. RCC is a well-known 
immunogenic tumor with a high degree of immune 
cell infiltration that is relatively sensitive to cytokine 
immunotherapy. It is therefore reasonable to pursue 
ICI therapy in patients with advanced RCC [17, 19]. 
Nivolumab plus ipilimumab (CheckMate-214 trial) 
combination therapy has demonstrated a clear 
survival benefit compared to sunitinib in patient with 
advanced RCC [20]. Later, a combination of 
anti-angiogenic agents + ICI was investigated. In 
KEYNOTE-426 trial, pembrolizumab + axitinib 
showed superior survival outcomes compared to 
sunitinib [21]. Since then, various combinations of ICI 
and anti-angiogenic agents have been approved as 
first-line therapy for advanced RCC [22-24].  

However, some patients are refractory to ICI 
treatments. Studies on mechanisms of resistance to ICI 
therapies are ongoing, but are not yet fully 
understood [25-28]. From this perspective, there is a 
significant need for clinically viable biomarkers that 
can predict the clinical response to ICI treatment 
[29-31].  

Interleukin-10 (IL-10) is an immunosuppressive 
cytokine that inhibits the expression of major 
histocompatibility complex (MHC) class II molecules 
and pro-inflammatory cytokines [32]. Although the 
immunological role of IL-10 is relatively well 
understood, the clinical implications of IL-10 in the 
tumor microenvironment require further study. 
Several studies which included patients with mela-
noma and lung cancer found that high IL-10 levels 
were correlated with a poor prognosis [33, 34]. In 
RCC, several studies have described IL-10 as a 
prognostic factor in patients with early stage RCC 
after surgical resection or in patients with advanced 
disease treated with cytokine or targeted therapy 
[35-39]. However, the predictive value of IL-10 in 
patients with advanced RCC treated with first-line 
ICIs has not been elucidated yet. 

Here, we investigated the predictive value of 
baseline serum IL-10 levels in patients with advanced 
RCC who received first-line ICIs.  

Method 
Patients and sample preparation 

This study prospectively enrolled patients 
diagnosed with advanced RCC at CHA Bundang 
Medical Center (Seongnam, Korea) between 
November 2019 and December 2021. Patients were 
eligible if they had been pathologically or cytolo-

gically diagnosed with RCC, had a target lesion 
according to Response Evaluation Criteria in Solid 
Tumors (RECIST) version 1.1, had not received prior 
systemic therapy, and had an Eastern Cooperative 
Oncology Group (ECOG) performance status of 0 to 2. 
Patients with autoimmune disease, immune- 
compromised conditions, or active infections were 
excluded from this study. This study was approved 
by the Institutional Review Board of CHA Bundang 
Medical Center (CHA 2017-11-054). All patients have 
written informed consent. Patient age at the time of 
diagnosis, sex, tumor histology, International 
Metastatic RCC Database Consortium (IMDC) risk, 
ECOG performance status, nephrectomy history, 
metastatic lesion and survival outcomes were 
obtained from the electronic medical records of CHA 
Bundang Medical Center. Treatment was continued 
until disease progression or discontinuation owing to 
toxicity. Clinical responses were assessed using the 
RECIST version 1.1. Overall survival (OS) was defined 
as the duration between the initiation of treatment 
and the death or the last follow-up. Progression free 
survival (PFS) was defined as the duration between 
the initiation of treatment and disease progression or 
death.  

Blood samples was collected before first 
treatment (baseline) and immediately before the 
second treatment (cycle 2 day 1, hereafter referred to 
as C2D1). Serum was diluted 1:2 and cryopreserved at 
-80℃ in a deep freezer. Peripheral blood mononuclear 
cells (PBMCs) were isolated from the patient’s whole 
blood using pressure gradient centrifugation with 
Ficoll-Paque PLUS (GE Healthcare) and cryo-
preserved. 

Cytometric bead assay (CBA) 
Serum IL-10 concentration was measured 

according to the manual provided by the CBA human 
Th1/Th2/Th17 Cytokine kit (BD bioscience), as 
described previously [31]. Briefly, the capture beads 
and detection reagents were incubated with the 
patient’s serum at room temperature for approxi-
mately 2 h and 30 min and then washed. Cytokine 
concentrations were calculated using flow cytometry 
fluorescence. 

Flow Cytometry analysis 
Single-cell suspension of PBMCs were stained 

using Fixable Viability Dye eFluorTM 780 on ice for 
30min to exclude dead cells. The cells were incubated 
with surface antibodies against CD3 (clone SK7, 
Invitrogen), CD4 (clone RPA-T4, BioLegend) and CD8 
(clone RPA-T8, eBioscience) on ice for 30min, 
followed by several washes. For intracellular staining, 
cells were permeabilized using a FoxP3 Fixation and 
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Permeabilization Kit (eBioscience). T cell activation 
and proliferation assays followed the previous 
protocols [31, 40]. Cells were stained with interferon 
(IFN)-γ (clone B27, BD Biosciences), tumor necrosis 
factor (TNF)-α (clone MAB11, BD Biosciences), and 
Ki-67 (clone Ki-67, BioLegend). Flow Cytometry was 
performed on a CytoFLEX flow cytometer (Beckman 
Coulter). The data were analyzed using FlowJo 
software (Tree Star Inc, Ashland, Oregon, USA). 

Statistical analysis 
The IL-10 cut-off value was determined by 

performing cytokine screening using the maximally 
selected rank statistics (Maxstat) package of the R 
software (ver 4.2.2). Statistical analyses were 
performed using SPSS software version 22. Fisher’s 
exact test and Chi-square test were used to compare 
the clinical characteristics between the two groups. 
Kaplan-Meier survival curve analysis and the log- 
rank test were used to examine the effects of IL-10 on 
OS and PFS. Multivariate Cox regression analysis was 
also performed. Statistical significance was set at 
P < 0.05. All graphs were drawn using GraphPad 
Prism 8.0 software (GraphPad Software).  

Results 
Patient characteristics 

In this study, we analyzed the baseline serum 
IL-10 levels in 69 patients diagnosed with advanced 
RCC between November 2019 and December 2021 
(Table 1). All the patients were treated with first-line 
ICI treatment. The median age at the time of treatment 
initiation was 59 years (range, 19-83), and the majority 

of the patients were male (n = 49, 71.0%). Most 
patients had clear cell histology (n = 47, 68.1%). 
According to the IMDC risk groups, the patients were 
classified into favorable (n = 15, 21.7%), intermediate 
(n = 34, 49.3%) and poor risk groups (n = 20, 29.0%). 
More than half of patients (n = 39, 56.6%) had 
undergone a previous nephrectomy. The patient 
cohort had an objective response rate of 47.8% and 
1-year OS of 77.9%, with a median follow-up period of 
12.1 months. 

The cut-off value for serum IL-10 was set at 4.3 
ng/mL using maximally selected log-rank statistics 
(Figure 1). Based on this cut-off value, the patients 
were divided into two groups, i.e., the IL-10-low 
group (n=60, 87.0%), and the IL-10-high group (n=9, 
13.0%). There were no statistically significant 
differences in the baseline characteristics between 
IL-10-low and high groups (Table 1). The objective 
response rate was comparable between two groups 
(46.6% vs. 55.6%, P = 0.862). 

Elevated baseline serum IL-10 levels were 
associated with poor survival following ICI 
therapy in patients with advanced RCC 

Next, we examined the relationship between 
serum IL-10 levels and clinical outcome (Figure 2). 
Patients with high IL-10 levels had a significantly 
shorter median PFS than those with low IL-10 levels 
(5.2 months vs. not reached, P = 0.007). The median 
OS was also significantly worse in the IL-10-high vs. 
those with IL-10-low group (13.9 months vs. not 
reached, P < 0.001). 

 

 
Figure 1. Determination of IL-10 cut-off using maximally selected long-rank statistics in advanced renal cell carcinoma (RCC). 
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Figure 2. Patients with high IL-10 levels had unfavorable survival outcomes with first-line immune checkpoint inhibitor (ICI) therapy. Progression-free (A) 
and overall (B) survival of the patient with advanced RCC (n=69). IL-10 ≥ 4.3 ng/mL at serum baseline level was defined as IL-10 high. P-values were calculated using the log-rank 
test. PFS, progression-free survival; OS, overall survival. 

 
Table 1. Clinical characteristic according to IL-10 status in RCC 
patients (cut-off = 4.3 ng/mL) 

 Total 
(N=69) 

IL-10-low 
(N=60) 

IL-10-high 
(N=9) 

P-value 

Regimen     
 pembrolizumab + axitinib 58 (84.1%) 49 (81.7%) 9 (100.0%) 0.505 
 ipilimumab + nivolumab 9 (13.0%) 9 (15.0%) 0 (0.0%)  
 pembrolizumab + lenvatinib 2 (2.9%) 2 (3.3%) 0 (0.0%)  
Age 59 (19-83) 59 (19-82) 59 (47-83) 0.260 
Sex     
 Female 20 (29.0%) 17 (28.3%) 3 (33.3%) 0.712 
 Male 49 (71.0%) 43 (71.7%) 6 (66.7%)  
Pathology     
 Clear cell 47 (68.1%) 40 (66.7%) 7 (77.8%) 0.708 
 Non-clear cell 22 (31.9%) 20 (33.3%) 2 (22.2%)  
IMDC     
 Favorable 15 (21.7%) 15 (25.0%) 0 (0.0%) 0.094 
 Intermediate 34 (49.3%) 30 (50.0%) 4 (44.4%)  
 Poor 20 (29.0%) 15 (25.0%) 5 (55.6%)  
ECOG     
 0 27 (39.1%) 24 (40.0%) 3 (33.3%) 0.546 
 1 34 (49.3%) 30 (50.0%) 4 (44.4%)  
 2 8 (11.6%) 6 (10.0%) 2 (22.2%)  
Nephrectomy     
 No 30 (43.5%) 24 (40.0%) 6 (66.7%) 0.163 
 Yes 39 (56.5%) 36 (60.0%) 3 (33.3%)  
Best response     
 Complete response (CR) 5 (7.2%) 5 (8.3%) 0 (0.0%) 0.862 
 Partial response (PR) 28 (40.6%) 23 (38.3%) 5 (55.6%)  
 Stable disease (SD) 24 (34.8%) 21 (35.0%) 3 (33.3%)  
 Progressive disease (PD) 12 (17.4%) 11 (18.3%) 1 (11.1%)  

 
 
 
To exclude other factors that could have 

influenced survival outcomes, a multivariable Cox 
regression analysis was performed. Potential 
confounding factors, such as tumor pathology, IMDC 
risk groups, ECOG performance status, and previous 
history of nephrectomy, were adjusted for serum 
IL-10 levels. Multivariate analysis confirmed that the 
IL-10-high group had poorer OS (Hazard Ratio [HR] 
4.466, 95% confidence interval (CI), 1.513-13.183, P = 
0.007) and PFS (HR 2.422, 95% CI 1.043-5.622, P = 

0.040) compared to the IL-10-low group (Figure 3). 
These findings suggested that elevated baseline 
serum IL-10 is an independent predictor of poor 
clinical outcomes in patients with advanced RCC 
treated with first-line ICI treatment. 

We also analyzed serum IL-10 levels at baseline 
and C2D1 levels in patients with paired data (n=56). 
To examine the impact of IL-10 changes between 
baseline and C2D1, patients were divided into three 
groups based on the C2D1/Baseline IL-10 ratio: no 
change or < 1.5 (n = 26), 1.5-2.0 (n = 11), and ≥ 2.0 (n = 
15), respectively. The object response rate did not 
differ significantly among the three groups (57.6% vs. 
63.6% vs. 46.7%, respectively, P = 0.673) 
(Supplementary Table 1). Moreover, neither the PFS 
(median: not reached vs. 10.7 months vs. 7.8 months, 
respectively, P = 0.133) nor the OS (median: not 
reached vs. 19.3 months vs. not reached, respectively, 
P = 0.229) were statistically different according to the 
C2D1/baseline IL-10 ratio (Supplementary Figure 1).  

CD8+ T-cell function was impaired in the 
IL-10-high group 

To elucidate how serum IL-10 levels affect the 
ICI response, we compared cytokine production and 
proliferation of T cells between IL-10-high and 
IL-10-low groups. In the IL-10-high group, the 
production of IFN-γ and TNF-α from CD8+ T cells was 
significantly decreased compared to those in the 
IL-10-low group (Figure 4A, 4B). Furthermore, we 
compared the fraction of Ki-67+ proliferating CD8+ T 
cells before and after the treatment. Proliferative CD8+ 
T cells were remarkably increased at C2D1 in the 
IL-10-low group, but there were no significant 
changes in the IL-10-high group (Figure 4C, 4D). 
Overall, high serum IL-10 levels were associated with 
impaired cytokines production and decreased CD8+ 
T-cell proliferation.  
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Figure 3. Serum high IL-10 levels could be an independent predictor for the poor clinical outcome of first-line ICI therapy in advanced RCC. (A) Forest plot 
showing multivariable Cox regression analysis data in both OS and PFS according to serum IL-10 levels. Pathology, IMDC risk groups, ECOG stage, and previous history of 
nephrectomy were adjusted along with serum IL-10 levels as confounding factors. P-value was calculated using the log-rank test. Hazard ratios (HRs) and 95% confidence intervals 
(CIs) are shown in the plot. IMDC, International Metastatic RCC Database Consortium; ECOG, Eastern Cooperative Oncology Group. 

 
Figure 4. Impaired T cell function in patients with high IL-10 levels. (A and B) Representative flow cytometric plot and comparisons of intracellular interferon-γ and 
tumor necrosis factor-α form CD8+ T cells according to IL-10 levels. (C and D) Representative flow cytometric plot and comparisons of Ki-67+ proliferating CD8+ T cells 
between baseline and C2D1 according to IL-10 levels. Values were compared using unpaired t-test, with P-values given in each plot. 
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Figure 5. Patients with high IL-10 levels had shorter duration of response. 
Kaplan-Meier curves showing duration of response according to the IL-10 levels. 
P-values were calculated using the log-rank test. 

 

The IL-10-high group had a shorter duration of 
response to first-line ICI therapy 

During follow-up, a continuous response 
evaluation was performed for all patients, except 
those with progressive disease (Figure 5). After initial, 
objective partial or complete responses, most patients 
in IL-10-low group (n = 24, 85.7%) had durable 
responses, whereas all but one patient in the 
IL-10-high group showed a rapid disease progression. 
Therefore, the median duration of responses was 
significantly shorter in the IL-10-high vs. the 
IL-10-low group (4.6 months vs. not reached, 
P < 0.001). 

Discussion 
In this study, we found that patients with 

advanced RCC and high serum IL-10 levels at baseline 
had unfavorable survival outcomes when treated 
with first line ICI therapy. Even after adjusting for 
other factors that might have influenced clinical 
outcomes, high baseline serum IL-10 levels were 
found to be a significant predictor of survival. In 
addition, high serum IL-10 levels were associated 
with impaired production of effector cytokines from 
CD8+ T cells and a decreased proliferative response 
after treatment. Furthermore, even though some 
patients with high IL-10 levels showed an initial 
objective response, they exhibited a short duration of 
responses with rapid progression.  

Following the CheckMate-214 and KEYNOTE- 
426 trials, several combination immunotherapies have 
been approved by the US Food and Drug Adminis-
tration for the first-line treatment of advanced RCC 
[20-24, 41, 42]. However, there are no biomarkers 
capable of predicting which patients with advanced 
RCC will benefit most from ICI treatment. The present 
study can help inform the design of future pros-
pective studies towards demonstrating the clinical 

implications of serum IL-10 levels on survival. 
Furthermore, our study confirmed the potential of 
IL-10 as a comprehensive predictive biomarker for 
immunotherapy by including patient groups with 
three treatment regimens for advanced RCC. 

IL-10 act as an immunosuppressive cytokine in 
cancer immunity via diverse mechanisms [43-45]. 
Tumor-derived IL-10 induces dendritic cell (DC) 
dysfunction, resulting in impaired T-cell proliferation 
and IFN-γ production in murine bladder cancer [46]. 
In addition, macrophage-derived IL-10 suppresses 
IL-12 secretion from DCs and interferes with CD8+ 
T-cell responses [47]. Furthermore, regulatory T-cell- 
derived IL-10 mediates intratumoral CD8+ T-cell 
exhaustion and restrain anti-tumor immunity [48]. In 
RCC, several studies have suggested prognostic roles 
of IL-10 in patients with early-stage RCC or in patients 
with advanced RCC treated with cytokines or 
targeted therapy. Our study differed from previous 
studies in that we included only 1) patients with 
advanced RCC 2) treated with first-line ICI therapy. 
Furthermore, we suggested IL-10 as a 3) predictive, 
rather than a prognostic marker, for ICI therapy. 

Sullivan et al. recently highlighted IL-10 as a 
therapeutic target for cancer immunotherapy and 
demonstrate IL-10-induced T-cell dysfunction can be 
overcome by IL-10 blockade [49]. In that study, 
anti-IL-10 caused an increase in CD8+ T cells without 
exhaustion gene signatures, and increased the MHC 
expression in macrophages. Moreover, IL-10 blockade 
enhances CAR-T cell activation and cytotoxicity, 
inducing potent tumor cell death in multiple human 
tumors. Therefore, further studies on how IL-10 
mediates immunosuppression in RCC and how it can 
be overcome through IL-10 blockade are warranted to 
improve the clinical outcomes in patients with high 
IL-10 levels.  

Our study had several limitations. First, the 
research was conducted at a single center with a 
limited number of patients and lacked external 
validation. Using maximally selected log-rank statis-
tics, we selected 4.3 ng/mL as the cut-off value for 
IL-10 to maximized statistical significance and 
minimize false positivity, resulting in small group size 
in the IL-10-high group. Therefore, further optimi-
zation of the cut-off value and external validation are 
required in subsequent study. Seconds, we did not 
elucidate the immunological mechanisms whereby 
serum IL-10 levels affected ICI responses.  

Conclusions 
High baseline serum IL-10 levels are associated 

with poor clinical outcomes in patient with advanced 
RCC treated with first-line ICI therapy. Further 
validation of pretreatment IL-10 levels is warranted to 
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optimize first-line ICI therapy in patients with 
advanced RCC. 

Supplementary Material 
Supplementary figure and table.  
https://www.jcancer.org/v14p0935s1.pdf 

Acknowledgements 
Funding 

This work was supported by the National 
Research Foundation of Korea (NRF) grant funded by 
the Korea government [MSIT] [NRF-2023R1A 
2C2006375 to CK and NRF-2023R1A2C2004339 to 
HJC]. 

Data Availability Statement 
The dataset of current study is available from the 

corresponding author on reasonable request. 

Institutional Review Board Statement 
The study was conducted in accordance with the 

Declaration of Helsinki. This study was approved by 
the Institutional Review Board of CHA Bundang 
Medical Center (CHA 2017-11-054).  

Informed Consent Statement 
Informed consent was obtained from all patients 

involved in the study. 

Author Contributions 
Supervision: CK and HJC; conceptualization: 

YK, HY, CL and HJC; Funding acquisition: CK and 
HJC; Patient recruitment: JC, YBS, BK, HJC, and CK; 
Laboratory analysis: YK, HY, and WSL; Data Analysis 
and Visualization: YK, HY, HJC, and CK; Writing: YK, 
HY, HJC, and CK.  

Competing Interests 
CK has a consulting or advisory role at Roche, 

ONO, MSD, BMS, Oncocross, and Virocure, Panlos 
Bioscience, and has received research grants form 
Dong-A ST, Oncocross, Sillajen, and Virocure. HJC 
has a consulting or advisory role at Eisai, Roche, 
Bayer, ONO, MSD, BMS, Celgene, Sanofi, Servier, 
AstraZeneca, Sillajen, Menarini, GreenCross Cell and 
has received research grants from Roche, Dong-A ST, 
Boryung Pharmaceuticals. The other authors have no 
potential conflicts of interest to disclose. 

References 
1. Choueiri TK, Motzer RJ. Systemic Therapy for Metastatic Renal-Cell 

Carcinoma. N Engl J Med. 2017; 376: 354-66. 
2. Comprehensive molecular characterization of clear cell renal cell carcinoma. 

Nature. 2013; 499: 43-9. 
3. Kaelin WG, Jr. The von Hippel-Lindau tumour suppressor protein: O2 sensing 

and cancer. Nat Rev Cancer. 2008; 8: 865-73. 

4. Latif F, Tory K, Gnarra J, Yao M, Duh FM, Orcutt ML, et al. Identification of 
the von Hippel-Lindau disease tumor suppressor gene. Science. 1993; 260: 
1317-20. 

5. Motzer RJ, Hutson TE, Tomczak P, Michaelson MD, Bukowski RM, Rixe O, et 
al. Sunitinib versus interferon alfa in metastatic renal-cell carcinoma. N Engl J 
Med. 2007; 356: 115-24. 

6. Motzer RJ, Hutson TE, Tomczak P, Michaelson MD, Bukowski RM, Oudard S, 
et al. Overall survival and updated results for sunitinib compared with 
interferon alfa in patients with metastatic renal cell carcinoma. J Clin Oncol. 
2009; 27: 3584-90. 

7. Hong MH, Kim HS, Kim C, Ahn JR, Chon HJ, Shin SJ, et al. Treatment 
outcomes of sunitinib treatment in advanced renal cell carcinoma patients: a 
single cancer center experience in Korea. Cancer Res Treat. 2009; 41: 67-72. 

8. Motzer RJ, Hutson TE, Cella D, Reeves J, Hawkins R, Guo J, et al. Pazopanib 
versus sunitinib in metastatic renal-cell carcinoma. N Engl J Med. 2013; 369: 
722-31. 

9. Motzer RJ, Hutson TE, McCann L, Deen K, Choueiri TK. Overall survival in 
renal-cell carcinoma with pazopanib versus sunitinib. N Engl J Med. 2014; 370: 
1769-70. 

10. Escudier B, Pluzanska A, Koralewski P, Ravaud A, Bracarda S, Szczylik C, et 
al. Bevacizumab plus interferon alfa-2a for treatment of metastatic renal cell 
carcinoma: a randomised, double-blind phase III trial. Lancet. 2007; 370: 
2103-11. 

11. Rini BI, Escudier B, Tomczak P, Kaprin A, Szczylik C, Hutson TE, et al. 
Comparative effectiveness of axitinib versus sorafenib in advanced renal cell 
carcinoma (AXIS): a randomised phase 3 trial. Lancet. 2011; 378: 1931-9. 

12. Choueiri TK, Escudier B, Powles T, Mainwaring PN, Rini BI, Donskov F, et al. 
Cabozantinib versus Everolimus in Advanced Renal-Cell Carcinoma. N Engl J 
Med. 2015; 373: 1814-23. 

13. Choueiri TK, Escudier B, Powles T, Tannir NM, Mainwaring PN, Rini BI, et al. 
Cabozantinib versus everolimus in advanced renal cell carcinoma (METEOR): 
final results from a randomised, open-label, phase 3 trial. Lancet Oncol. 2016; 
17: 917-27. 

14. Motzer RJ, Hutson TE, Glen H, Michaelson MD, Molina A, Eisen T, et al. 
Lenvatinib, everolimus, and the combination in patients with metastatic renal 
cell carcinoma: a randomised, phase 2, open-label, multicentre trial. Lancet 
Oncol. 2015; 16: 1473-82. 

15. Motzer RJ, Hutson TE, Ren M, Dutcus C, Larkin J. Independent assessment of 
lenvatinib plus everolimus in patients with metastatic renal cell carcinoma. 
Lancet Oncol. 2016; 17: e4-5. 

16. Ribas A, Wolchok JD. Cancer immunotherapy using checkpoint blockade. 
Science. 2018; 359: 1350-5. 

17. Lee WS, Yang H, Chon HJ, Kim C. Combination of anti-angiogenic therapy 
and immune checkpoint blockade normalizes vascular-immune crosstalk to 
potentiate cancer immunity. Exp Mol Med. 2020; 52: 1475-85. 

18. Kim CW, Chon HJ, Kim C. Combination Immunotherapies to Overcome 
Intrinsic Resistance to Checkpoint Blockade in Microsatellite Stable Colorectal 
Cancer. Cancers (Basel). 2021; 13: 4906. 

19. Şenbabaoğlu Y, Gejman RS, Winer AG, Liu M, Van Allen EM, de Velasco G, et 
al. Tumor immune microenvironment characterization in clear cell renal cell 
carcinoma identifies prognostic and immunotherapeutically relevant 
messenger RNA signatures. Genome Biol. 2016; 17: 231. 

20. Motzer RJ, Tannir NM, McDermott DF, Arén Frontera O, Melichar B, Choueiri 
TK, et al. Nivolumab plus Ipilimumab versus Sunitinib in Advanced 
Renal-Cell Carcinoma. N Engl J Med. 2018; 378: 1277-90. 

21. Rini BI, Plimack ER, Stus V, Gafanov R, Hawkins R, Nosov D, et al. 
Pembrolizumab plus Axitinib versus Sunitinib for Advanced Renal-Cell 
Carcinoma. N Engl J Med. 2019; 380: 1116-27. 

22. Motzer RJ, Penkov K, Haanen J, Rini B, Albiges L, Campbell MT, et al. 
Avelumab plus Axitinib versus Sunitinib for Advanced Renal-Cell Carcinoma. 
N Engl J Med. 2019; 380: 1103-15. 

23. Motzer R, Alekseev B, Rha SY, Porta C, Eto M, Powles T, et al. Lenvatinib plus 
Pembrolizumab or Everolimus for Advanced Renal Cell Carcinoma. N Engl J 
Med. 2021; 384: 1289-300. 

24. Choueiri TK, Powles T, Burotto M, Escudier B, Bourlon MT, Zurawski B, et al. 
Nivolumab plus Cabozantinib versus Sunitinib for Advanced Renal-Cell 
Carcinoma. N Engl J Med. 2021; 384: 829-41. 

25. Bi K, He MX, Bakouny Z, Kanodia A, Napolitano S, Wu J, et al. Tumor and 
immune reprogramming during immunotherapy in advanced renal cell 
carcinoma. Cancer Cell. 2021; 39: 649-61.e5. 

26. Camelliti S, Le Noci V, Bianchi F, Moscheni C, Arnaboldi F, Gagliano N, et al. 
Mechanisms of hyperprogressive disease after immune checkpoint inhibitor 
therapy: what we (don't) know. J Exp Clin Cancer Res. 2020; 39: 236. 

27. Kluger HM, Tawbi HA, Ascierto ML, Bowden M, Callahan MK, Cha E, et al. 
Defining tumor resistance to PD-1 pathway blockade: recommendations from 
the first meeting of the SITC Immunotherapy Resistance Taskforce. J 
Immunother Cancer. 2020; 8. 

28. Lee SJ, Yang H, Kim WR, Lee YS, Lee WS, Kong SJ, et al. STING activation 
normalizes the intraperitoneal vascular-immune microenvironment and 
suppresses peritoneal carcinomatosis of colon cancer. J Immunother Cancer. 
2021; 9. 

29. An HJ, Chon HJ, Kim C. Peripheral Blood-Based Biomarkers for Immune 
Checkpoint Inhibitors. Int J Mol Sci. 2021; 22. 



 Journal of Cancer 2023, Vol. 14 

 
https://www.jcancer.org 

942 

30. Sang YB, Yang H, Lee WS, Lee SJ, Kim SG, Cheon J, et al. High Serum Levels of 
IL-6 Predict Poor Responses in Patients Treated with Pembrolizumab plus 
Axitinib for Advanced Renal Cell Carcinoma. Cancers (Basel). 2022; 14. 

31. Yang H, Kang B, Ha Y, Lee SH, Kim I, Kim H, et al. High serum IL-6 correlates 
with reduced clinical benefit of atezolizumab and bevacizumab in 
unresectable hepatocellular carcinoma. JHEP Reports. 2023: 100672. 

32. Moore KW, de Waal Malefyt R, Coffman RL, O'Garra A. Interleukin-10 and 
the interleukin-10 receptor. Annu Rev Immunol. 2001; 19: 683-765. 

33. Giunta EF, Barra G, De Falco V, Argenziano G, Napolitano S, Vitale P, et al. 
Baseline IFN-γ and IL-10 expression in PBMCs could predict response to PD-1 
checkpoint inhibitors in advanced melanoma patients. Sci Rep. 2020; 10: 17626. 

34. Li C, Li H, Jiang K, Li J, Gai X. TLR4 signaling pathway in mouse Lewis lung 
cancer cells promotes the expression of TGF-β1 and IL-10 and tumor cells 
migration. Biomed Mater Eng. 2014; 24: 869-75. 

35. Davidsson S, Huotilainen S, Carlsson J, Sundqvist P. Soluble Levels of CD163, 
PD-L1, and IL-10 in Renal Cell Carcinoma Patients. Diagnostics (Basel). 2022; 
12. 

36. Wittke F, Hoffmann R, Buer J, Dallmann I, Oevermann K, Sel S, et al. 
Interleukin 10 (IL-10): an immunosuppressive factor and independent 
predictor in patients with metastatic renal cell carcinoma. Br J Cancer. 1999; 79: 
1182-4. 

37. Ménétrier-Caux C, Bain C, Favrot MC, Duc A, Blay JY. Renal cell carcinoma 
induces interleukin 10 and prostaglandin E2 production by monocytes. Br J 
Cancer. 1999; 79: 119-30. 

38. Chang WS, Liao CH, Tsai CW, Hu PS, Wu HC, Hsu SW, et al. The Role of IL-10 
Promoter Polymorphisms in Renal Cell Carcinoma. Anticancer Res. 2016; 36: 
2205-9. 

39. Romero JM, Sáenz-López P, Cózar JM, Carretero R, Canton J, Vazquez F, et al. 
A polymorphism in the interleukin-10 promoter affects the course of disease in 
patients with clear-cell renal carcinoma. Hum Immunol. 2009; 70: 60-4. 

40. Kim C, Yang H, Kim I, Kang B, Kim H, Kim H, et al. Association of High 
Levels of Antidrug Antibodies Against Atezolizumab With Clinical Outcomes 
and T-Cell Responses in Patients with Hepatocellular Carcinoma. JAMA 
Oncol. 2022; 8: 1825-9. 

41. Rassy E, Flippot R, Albiges L. Tyrosine kinase inhibitors and immunotherapy 
combinations in renal cell carcinoma. Ther Adv Med Oncol. 2020; 12: 
1758835920907504. 

42. McKay RR, Bossé D, Choueiri TK. Evolving Systemic Treatment Landscape for 
Patients with Advanced Renal Cell Carcinoma. J Clin Oncol. 2018: 
Jco2018790253. 

43. Saraiva M, O'Garra A. The regulation of IL-10 production by immune cells. 
Nat Rev Immunol. 2010; 10: 170-81. 

44. Mannino MH, Zhu Z, Xiao H, Bai Q, Wakefield MR, Fang Y. The paradoxical 
role of IL-10 in immunity and cancer. Cancer Lett. 2015; 367: 103-7. 

45. Brooks DG, Trifilo MJ, Edelmann KH, Teyton L, McGavern DB, Oldstone MB. 
Interleukin-10 determines viral clearance or persistence in vivo. Nat Med. 2006; 
12: 1301-9. 

46. Yang AS, Lattime EC. Tumor-induced interleukin 10 suppresses the ability of 
splenic dendritic cells to stimulate CD4 and CD8 T-cell responses. Cancer Res. 
2003; 63: 2150-7. 

47. Ruffell B, Chang-Strachan D, Chan V, Rosenbusch A, Ho CM, Pryer N, et al. 
Macrophage IL-10 blocks CD8+ T cell-dependent responses to chemotherapy 
by suppressing IL-12 expression in intratumoral dendritic cells. Cancer Cell. 
2014; 26: 623-37. 

48. Sawant DV, Yano H, Chikina M, Zhang Q, Liao M, Liu C, et al. Adaptive 
plasticity of IL-10(+) and IL-35(+) T(reg) cells cooperatively promotes tumor T 
cell exhaustion. Nat Immunol. 2019; 20: 724-35. 

49. Sullivan KM, Jiang X, Guha P, Lausted C, Carter JA, Hsu C, et al. Blockade of 
interleukin 10 potentiates antitumour immune function in human colorectal 
cancer liver metastases. Gut. 2023; 72: 325-37. 


