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ABSTRACT
Metastatic clear cell renal cell carcinoma (mccRCC) benefits from several treatment options in the first-line 
setting with VEGFR inhibitors and/or immunotherapy including anti-PD-L1 or anti-PD1 agents. 
Identification of predictive biomarkers is highly needed to optimize patient care. Circulating markers 
could reflect the biology of metastatic disease. Therefore, we evaluated soluble forms of PD-L1 (sPD-L1) 
and PD-1 (sPD-1) in mccRCC patients. The levels of sPD-L1 and sPD-1 were evaluated from plasma samples 
of mccRCC patients before they received a first-line treatment (T0) by the VEGFR inhibitor sunitinib (50 
patients) or by the anti-VEGF bevacizumab (37 patients). The levels of sPD-L1 and sPD-1 were correlated to 
clinical parameters and progression-free survival (PFS). High levels of sPD-1 or sPDL1 were not correlated 
to PFS under bevacizumab while they were independent prognostic factors of PFS in the sunitinib group. 
Patients with high T0 plasmatic levels of sPD-L1 had a shorter PFS (11.3 vs 22.5 months, p = .011) in the 
sunitinib group. Equivalent shorter PFS was found with high levels of sPD-1 (8.6 vs 14.1 months, p = .009). 
mccRCC patients with high plasmatic levels of sPD-L1 or sPD-1 are poor responders to sunitinib. sPD-L1 or 
sPD-1 could be a valuable tool to guide the optimal treatment strategy including VEGFR inhibitor.
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Introduction

Clear cell renal cell carcinoma (ccRCC) accounts for approxi
mately 75% of renal cancer. Non-metastatic ccRCC is mainly 
treated by surgery.1 Until recently, agents targeting the vascular 
endothelial growth factor (VEGF) or VEGF-receptors 
(VEGFR) pathway were the mainstay of mccRCC treatment; 
among them, interferon-alpha combined with bevacizumab 
(anti-VEGF) or sunitinib (VEGFR inhibitor) were the first 
agents that improved the survival of mccRCC patients. 
Sunitinib, which inhibits angiogenesis and induces tumor cell 
apoptosis, has been the most widely prescribed agent 
worldwide.2 Recently, several other treatment options demon
strated a better efficacy as compared to sunitinib. Indeed, 
immunotherapy has revolutionized the first-line treatment of 
mccRCC, with immune-oncology (IO) drug combinations 
(anti-PD-1 nivolumab and anti-CTLA-4 ipilimumab) in 
IMDC (International Metastatic RCC database Consortium) 
intermediate and poor-risk patients3 or combination of 
VEGFR inhibitors and IO (axitinib associated to the anti-PD 
-1 pembrolizumab or anti-PD-L1 avelumab) in all IMDC risk 

groups.4,5 However, considering these multiple new options, 
the identification of the optimal treatment for a specific patient 
is still an unanswered question. More specifically, no available 
biomarker predicts the efficacy of the nivolumab-ipilimumab 
or the IO-VEGFR inhibitor combination. A specific marker 
predicting the efficacy of VEGFR inhibitors could help the 
administration of the optimal therapy.

PD-L1 is a cell surface ligand of the PD-1 receptor 
expressed by T lymphocytes. PD-1 is expressed on 
immune cells, such as activated T lymphocytes whereas 
PD-L1 is expressed by B cells, dendritic cells, macro
phages, but also by tumor and endothelial cells. The sti
mulation of PD-1 by PD-L1 and PD-1 activates 
a mechanism of immune tolerance exerted by tumor cells 
which leads to the inhibition of cytotoxic T cells.6 PD-L1 
expression by tumor cells is associated with worse prog
nosis for patients with many types of tumors including 
ccRCC.7,8 Although PD-L1 staining appears to correlate 
with a better outcome from immune-based combinations 
like nivolumab-ipilimumab,3 it is a poor discriminating 
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factor for clinical decisions. Furthermore, the evaluation 
of PD-L1 expression by immunohistochemistry (IHC) has 
not been yet considered as a gold-standard. The detection 
of PD-L1 expression by IHC presents several flaws related 
to the tumor preparation, the use of antibodies with dif
ferent affinities, the specificity and ability to bind to dif
ferent PD-L1 epitopes, the choice of the cell population 
expressing it (tumor versus stromal cells) and the criteria/ 
cutoff used in the interpretation of the results.9 Finally, 
PD-L1 expression is usually assessed on the primary 
tumor and less often on metastases, although PD-1 and 
PD-L1 are differentially expressed in the primary tumor 
and the metastases.10

The expression of soluble forms of PD-1 (sPD-1) and PD-L1 
(sPD-L1) can be detected in the peripheral blood (serum or 
plasma). The exact origin of sPD-1 and sPD-L1 remains 
unclear. As soluble forms of other membrane proteins, they 
result from the cleavage of their extracellular domains or from 
alternative splicing of the pre-mRNA coding for the membrane 
form. sPD-1 and sPD-L1 were initially described in autoim
mune disorders in which they are produced by immune cells 
upon stimulation by the proinflammatory cytokines IFN-α, 
IFN-γ, or TNF-α.11

sPD-1 derived mainly from an alternative splicing of 
the pre-mRNA encoding the PD-1 Deltaex3 variant.12 

sPD-L1 is mainly released through proteolytic cleavage 
by matrix metalloproteinases of membrane-associated PD- 
L1 present on tumor cells, on immature dendritic cells, on 
mesenchymal stromal cells, on myeloid-derived suppres
sive cells and on T cells.13,14

A positive correlation between sPD-1 and sPD-L1 levels 
was described in hepatocellular carcinoma, oral, lung and 
triple-negative breast cancers (TNBC) indicating that sPD-1 
and sPD-L1 play an important role in the occurrence and 
the development of malignant tumors.14,15

Increased sPD-L1 levels were correlated with poor clin
ical outcomes in head and neck squamous cell carcinoma,16 

large B-cell lymphoma,17 melanoma,18 pancreatic19,20 and 
ovarian cancers.21

However, the prognostic role of sPD-1 seems to depend 
on the type of cancers, leading either to good or poor 
clinical outcomes. For example, high plasma levels of sPD- 
1 have been positively associated with inflammation and 
poor clinical outcomes in pancreatic cancer patients,20 in 
TNBC15 and in non-small cell lung cancer,12 while it was 
a favorable prognostic factor in hepatocellular 
carcinoma.22 Moreover, increased sPD-1 was correlated 
with prolonged survival in patients with advanced EGFR- 
mutated non-small cell lung cancer treated with 
erlotinib.23

Limited results are available for ccRCC patients since 
sPD-L1 and sPD-1 have been studied only in a pre- 
operative non-metastatic setting. In these patients, sPD- 
L1 and sPD-1 are correlated with a poor prognosis,24 

tumor size and tumor grade.25,26 The impact of sPD-L1 
and sPD-1 on the response to treatment and survival in 
mccRCC patients is still unknown. The aim of this study 
was to determine the prognostic/predictive value of sPD- 

L1 and sPD-1 in mccRCC patients treated with the anti
angiogenic agents sunitinib or bevacizumab.

Methods

Patients

The population of the study included mccRCC patients from the 
prospective SUVEGIL (17 patients) and TORAVA (45 patients) 
trials and from a retrospective cohort (33 patients) from Pavia 
(Italy) and Rennes (France). See supplementary Methods.

These studies were approved by the ethic committee at each 
participating center (Center Antoine Lacassagne (Nice, France) 
for patients included in SUVEGIL trial (NCT00943839), 
Center Léon Bérard (Lyon, France) for patients included in 
TORAVA trial (NCT00619268), Rennes (France) and Pavia 
(Italia) hospitals for other patients) and run in agreement 
with the International Conference on Harmonization of 
Good Clinical Practice Guideline. The study was performed 
in accordance with the Declaration of Helsinki.

Efficacy and safety

Blood samples were collected at baseline, before the beginning 
of the treatment (T0) and after a 4-week period (1 cycle of 
sunitinib or 2 cycles of bevacizumab administration, T1) for 
biochemical analyses.

Stage score

RCC was classified according to the tumor, node and metas
tasis (TNM) system developed by the American Joint 
Committee on Cancer (AJCC). RCC was classified from stage 
I to stage IV according to the TNM. Stage is a prognostic score. 
Stage I: T1 N0 M0; stage II: T2 N0 M0; stage III: T3 or N1 M0 
and stage IV: T4 or M1.

Biochemical analyses

Blood samples were centrifuged (10 000 g for 10 min) and the 
plasmas were collected and conserved at −80°C. Plasmatic 
levels of sPD-1 and sPD-L1 were determined by ELISAs pro
duced by DYNABIO S.A. (Parc de Luminy, Marseille France) 
according to their specifications. See supplementary Methods.

Statistical analysis

Progression-free survival (PFS) was defined as the time between 
blood sample collection and progression, or death from any cause, 
censoring those alive and progression free at last follow-up. 
Overall survival (OS) was defined as the time from blood sample 
collection to the date of death from any cause, censoring those 
alive at last follow-up. The sPD-L1 and sPD-1 cutoff point (0.1 ng  
ml−1 and 1.67 ng ml−1 respectively) for PFS was determined using 
spline curve analysis. T-test was applied to compare continuous 
variables, and chi-square test or Fisher’s exact test (when the 
application condition of χ2-test was not fulfilled) was used for 
categorical variables. Kaplan–Meier method was used to produce 
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survival curves and analyses of censored data were performed 
using the log-rank test. To guarantee the independence of sPD- 
L1 and sPD-1 as a predictive factor from validated predictive 
factors, a multivariate analysis was performed using Cox regres
sion adjusted on stage score. Adjusted hazard ratio (HR) and 95% 
confidence interval (95% CI) were calculated. All analyses were 
performed using R software, version 3.2.2 (Vienna, Austria, 
https://www.r-project.org/).

Results

Patients characteristics

Fifty (50) patients with mccRCC were included and treated in 
the first line by sunitinib, and 37 patients were treated by 
bevacizumab in combination with either IFN-α or temsiroli
mus. The population characteristics and pathological para
meters are summarized in Table 1. In the sunitinib group, 
median PFS and OS were of 13.9 months and 36 months, 
respectively. In the bevacizumab group, median PFS and OS 
were of 10.9 months and 24.4 months, respectively (Table 1).

sPD-L1 and sPD-1 levels in the plasma of metastatic ccRCC 
patients

The mean pre-treatment (T0) levels of plasmatic sPD-L1 
and sPD1 were 0.33 ng/ml and 0.65 ng/ml, respectively 
(Supplementary Figure S1a). The levels of sPD-1 correlated 
to those of sPD-L1 (R2 = 0.8534, p = 1e−6, Figure 1a). sPD- 
L1 and sPD-1 levels were increased in high Fuhrman grade 
(3 + 4) and high stage (III+IV) tumors (but did not reach 
statistical significance; Figure 1b-e). After a 4-week period 
(T1) with sunitinib or bevacizumab, plasmatic levels of 

sPD-L1 or sPD-1 remained stable (Supplementary Figure 
S1b-e).

PFS in bevacizumab and sunitinib groups and correlation 
to sPD-L1 and sPD-1 plasmatic levels

Plasmatic levels of sPD-L1 and sPD-1 were correlated with PFS 
and OS. In the bevacizumab group, PFS was not impacted by 
the levels of sPD-L1 (7.7 vs 11.4 months, Figure 2a and 
Supplementary Table S1) or by the levels of sPD-1 (11.9 vs 
11.5 months, Figure 2b and Supplementary Table S2). 
Equivalent results were obtained for OS (Supplementary 
Figure S2a, b).

In the sunitinib group, patients with sPD-L1 plasma levels 
superior to 0.1 ng ml−1 (range 0.1–6.46 ng ml−1) had a shorter 
PFS (11.3 months) as compared to patients with plasma levels 
below 0.1 ng ml−1 (range 0–0.1 ng ml−1, 22.5 months, P = .011; 
HR 2.255 (CI 95% 1.202–4.23), Figure 2c). Patients with sPD-1 
plasma levels superior to 1.67 ng ml−1 (range 1.67–9.67 ng  
ml−1) had a shorter PFS (8.6 months) as compared to patients 
with plasma levels below 1.67 ng ml−1 (range 0–1.67 ng ml−1, 
14.1 months, P = .009; HR 2.812 (CI 95% 1.292–6.123), Figure 
2d). However, sPD-L1 and sPD-1 levels did not influence OS 
(Supplementary Figure S2c, d) in the sunitinib group.

Correlations between sPD-1/sPD-L1 and other 
clinicopathological characteristics in the sunitinib group

We applied a univariate Cox regression model, including clin
ical characteristics (age, gender, pT, pN, pM, stage or Fuhrman 
grade). Stage score, sPD-L1 (˂0.1 ng ml−1) and sPD-1 
(˂1.67 ng ml−1) were predictive factors of PFS (Figure 2e).

As shown in Table 2a and Table 3a, the levels of sPD-L1 or 
sPD-1 and clinical characteristics of patients in the sunitinib 
group were not correlated. Only high levels of sPD-1 were 
correlated to a high tumor size (pT 3/4, p = .008).

Levels of sPD-L1 or sPD-1 and stage score were then ana
lyzed in a multivariate Cox regression model on PFS. sPD-L1 
expression was identified as an independent prognostic factor 
of PFS (P = .0053, HR 2.677 (CI 95% 1.338–5.356), Table 2b). 
sPD-1 expression was also identified as an independent prog
nostic factor of PFS (P = .008, HR 3.149 (CI 95% 1.353–7.328), 
Table 3b).

Discussion

Relevant prognostic markers or predictive biomarkers of treat
ment efficacy in mccRCC are currently lacking. sPD-1 and s-PD- 
L1, easily detectable in the plasma of patients, appear as a valuable 
tool to implement in clinical practices. Analysis of plasma levels of 
sPD-1 and s-PD-L1 makes it possible to assess the overall biology 
of the metastases (and not only partially as in the case of a biopsy). 
Such analysis also helps to evaluate the immune context present 
within these metastases and in the blood. In many cancers, the 
amount of sPD-L1 is not correlated with the expression of PD-L1 
detected by IHC. It can be explained by the abundance of PD-L1 
expressing cells in the tumor microenvironment. High PD-L1 
expression by tumor cells does not predict a shorter survival of 
mccRCC patients receiving an antiangiogenic treatment, but its 

Table 1. Characteristics of the patients included in the study.

Treatment Sunitinib Bevacizumab

Number 50 37
Age 58.9 (29–79.8) 57.3 (33.5–77.8)
Sex
Female 10 (20%) 7 (18.9%)
Male 40 (80%) 30 (81.1%)
pT
1/2 18 (38.3%) 12 (40%)
3/4 29 (61.7%) 18 (60%)
x 3 7
pN
0 43 (86%) 30 (81%)
≥ 1 7 (14%) 7 (9%)
pM
0 30 (60%) 24 (64.9%)
1 20 (40%) 13 (35.1%)
Stage
I+ II 13 (27.7%) 9 (29%)
III+IV 34 (72.3%) 22 (71%)
x 3 6
Time to treatment
<1 y 26 (52%) 20 (54%)
≥1 y 24 (48%) 17 (46%)
Fuhrman grade
1 + 2 16 (37.6%) 7 (22.6%)
3 + 4 22 (62.4%) 24 (77.4%)
x 12 6
PFS (months) 13.9 10.9
OS (months) 36 24.4
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expression by stromal cells (IHC staining on primary tumor) 
represents a robust prognostic marker of survival.27 The evalua
tion of sPD-L1 at the diagnosis of a metastatic disease is, therefore, 
more relevant as compared to the evaluation of PD-L1 by IHC 
especially in the primary tumor that has been surgically removed 
several years before the metastatic relapse.13

Our results showed that sPD-L1 and sPD-1 were indepen
dent prognostic factors of PFS in mccRCC patients treated by 
sunitinib. Inconsistent results obtained with patients treated by 
bevacizumab strongly suggest that sPD-L1 and sPD-1 are pre
dictive markers of VEGFR inhibitor efficacy. These results, if 
validated in independent cohorts, could be of high value to 
guide treatment strategy in mccRCC, even in the current con
text of combined VEGFR- and immune checkpoint-inhibitors.

sPD-L1 and sPD-1 have a predictive value only for 
sunitinib but not for all anti-angiogenic drugs including 
the anti-VEGF antibody, bevacizumab. This result probably 
reflects the pleiotropic effects of sunitinib which targets 
several tyrosine kinase receptors (VEGFR but also 
PDGFR, CSF1R and c-KIT) and which induces the death 
of RCC cells, unlike bevacizumab.

While high levels of sPD-L1 and sPD-1 are correlated to 
shorter PFS in the sunitinib group, they are not correlated to 
OS. These results can be explained by heterogeneous second- 
and third-line treatments including IO (nivolumab, anti-PD-1), 
everolimus (mTOR inhibitor) and other inhibitors of tyrosine 
kinase receptors (VEGFRs, PDGFR, c-Kit (axitinib), VEGFR2, 
c-MET, AXL, RET, FLT3 (cabozantinib)).

Figure 1. Analysis of sPD-L1 and sPD-1 in the plasma of metastatic ccRCC patients and prognostic relevance of clinical and biological marker. (a) The plasmatic levels of 
sPD-L1 and sPD-1 were determined by ELISA in the plasma of mccRCC patients just before the start of the systemic treatment (T0). The correlation coefficient between 
the two values was calculated. (b to e) The plasmatic levels of sPD-L1 (b, d) and sPD-1 (c, e) were correlated to Fuhrman grade (1 + 2 vs 3 + 4; b, c) and to tumor stage (I 
+ II vs III+IV; d, e). The mean value is indicated.
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As described in several cancers, our results showed that high 
levels of sPD-L1 were correlated to a rapid metastatic progres
sion linked to the exhaustion of T cell lymphocytes via the PD- 
1/PD-L1 signaling.

Our results clearly showed that patients with high levels of 
sPD-1 had a shorter PFS when treated with sunitinib. This result 
is unexpected since sPD-1 should have served as a decoy inactive 
receptor trapping and limiting PD-1/PD-L1-dependent signal
ing and subsequent T cell exhaustion. Different unexpected roles 
of sPD-1 depending on the type of cancers probably explain the 
different prognostic value of sPD-1. Nevertheless, some hypoth
eses emerged from our observations:

1) Consistent with our results, a positive correlation 
between sPD-1 and sPD-L1 levels was described in hepatocel
lular carcinoma, oral, lung and TNB cancers indicating that 
sPD-1 and sPD-L1 play an important role in the occurrence 
and development of malignant tumors;14,15

2) High levels of sPD-1 are correlated to inflammation in 
cancers but also in acute respiratory distress syndromes. In 
ccRCC, chronic inflammation is correlated to a poor prognosis 
and to a limited response to sunitinib.28

3) sPD-1 is essentially expressed by CD4+ and CD8 + T 
lymphocytes. In ccRCC, the majority of CD8 + T lymphocytes 
are exhausted and expressed PD-1, Tim-3 and Lag-3.29,30 

Figure 2. Relationship between plasmatic levels of sPD-L1 or sPD-1 and PFS of mccRCC patients treated with bevacizumab or sunitinib and prognostic relevance of 
clinical and biological markers. (a to d) Kaplan–Meier analysis of PFS of patients with mccRCC treated with bevacizumab (a, b) or sunitinib (c, d). PFS was calculated from 
patient subgroups with plasmatic level for sPD-L1 at the diagnosis (T0) that were less than or greater than a cutoff value of 0.1 ng ml−1 (a, c) or for patient subgroups 
with plasmatic level for sPD-1 at the diagnosis that were less than or greater than a cutoff value of 1.67 ng ml−1 (b, d). Statistical significance (P value and Hazard ratio) 
and the time of the median PFS are indicated. (e) Forest plot of Hazard Ratio (CI95%) of PFS univariate analysis. The prognostic relevance of each marker was assessed by 
a univariate survival analysis using the Cox regression model.
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Moreover, sPD-1 favors the proliferation of exhausted PD- 
1-expressing CD8 + T lymphocytes that also expressed Tim-3 
+ and Lag3 +. Hence, high levels of CD8 + T lymphocytes are 
correlated to a poor prognosis.31

Our study showed that mccRCC patients displaying high 
sPD-L1 or sPD-1 levels had shorter PFS on sunitinib. Thus, 
patients with high levels of sPD-L1 or sPD-1 could theoretically 
be eligible for the nivolumab and ipilimumab combination 
while patients with low levels of sPD-L1 or sPD-1 could benefit 
of the VEGFR inhibitor/IO combination. This therapeutic 
strategy based on sPD-L1/sPD-1 detection needs to be vali
dated by future clinical trials.

In conclusion, plasmatic levels of sPD-L1 or sPD-1 were 
independent prognostic markers and relevant predictive 
markers of PFS in mccRCC patients treated with sunitinib 
in the first line. The detection of these two plasmatic 
markers could be a valuable tool to guide the optimal 
treatment strategy.
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