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ABSTRACT
Despite a proportion of renal cancer patients can experiment marked and durable responses to immune- 
checkpoint inhibitors, the treatment efficacy is widely variable and identifying the patient who will benefit 
from immunotherapy remains an issue. We performed a prospective study to investigate if soluble forms 
of the immune-checkpoints PD-1 (sPD-1), PD-L1 (sPD-L1), pan-BTN3As, BTN3A1, and BTN2A1, could be 
candidate to predict the response to immune-checkpoint blockade therapy. We evaluated the plasma 
levels in a learning cohort of metastatic clear cell renal carcinoma (mccRCC) patients treated with the anti- 
PD-1 agent nivolumab by ad hoc developed ELISA’s. Using specific cut-offs determined through ROC 
curves, we showed that high baseline levels of sPD-1 (>2.11 ng/ml), sPD-L1 (>0.66 ng/ml), and sBTN3A1 
(>6.84 ng/ml) were associated with a longer progression-free survival (PFS) to nivolumab treatment 
[median PFS, levels above thresholds: sPD-1, 20.7 months (p < .0001); sPD-L1, 19 months (p < .0001); 
sBTN3A1, 17.5 months (p = .002)]. High sPD-1 and sBTN3A1 levels were also associated with best overall 
response by RECIST and objective response of >20%. The results were confirmed in a validation cohort of 
20 mccRCC patients. The analysis of plasma dynamic changes after nivolumab showed a statistically 
significant decrease of sPD-1 after 2 cycles (Day 28) in the long-responder patients. Our study revealed 
that the plasma levels of sPD-1, sPD-L1, and sBTN3A1 can predict response to nivolumab, discriminating 
responders from non-responders already at therapy baseline, with the advantages of non-invasive sample 
collection and real-time monitoring that allow to evaluate the dynamic changes during cancer evolution 
and treatment.
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1. Introduction

Renal cell carcinoma (RCC) is a heterogeneous group of cancer 
subtypes with different morphological and genetic features, 
molecular pathogenesis, and clinical behavior. Clear cell renal 
carcinoma (ccRCC) accounts for approximately 75% of all 
renal cancers1,2 and represents a tumor where the new biolo
gical and immunological knowledge have changed the clinical 
landscape and natural history of the disease.3,4 Given the cen
tral role of angiogenesis in ccRCC, several agents targeting the 
vascular endothelial growth factor (VEGF) pathway have 
exploited this feature, leading the median overall survival 
(OS) to ~30 months in 2014 for metastatic ccRCC patients.5–7 

The next paradigm shift occurred with the introduction of 

immunoncology that, targeting the immune system/tumor 
microenvironment (TME), has recently become a promising 
frontier for the treatment of RCC, improving the individual’s 
competence to drive the immune system against cancer cells, 
with the opportunity of a further long-term survival.8–10

The known responsiveness to the immunotherapies, such as 
interleukin 2 (IL-2) and interferon alpha (IFN-α), the observa
tions of high levels of immune infiltrate in the TME, and the 
parallel occurrence of some spontaneous tumor regression of 
metastases after radical nephrectomy, suggested, already in the 
past, a natural antitumor immunity for metastatic RCC 
patients.11

The recent new information relative to the complex role of 
TME is of increasing interest in this disease. It is known that 
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tumors can create an immunosuppressive microenvironment 
by upregulating the inhibitory molecules expression, such as 
programmed cell death protein (PD-1) on tumor-infiltrating 
T cells, or its ligand PD-L1 on tumors cells, allowing for tumor 
‘escape’ of cancer cells from the immune system.12,13 The 
blockade of the PD1/PD-L1 interactions with specific immune- 
checkpoints inhibitors, such as nivolumab, may prevent sup
pression of T-cells which remain active and can promote the 
immune killing of the tumor cells.14

The CheckMate 025 was the first Phase 3 clinical trial 
including the anti-PD-1 antibody nivolumab. In comparison 
with everolimus, in mRCC patients who had prior failed after 
either one or two tyrosine kinase inhibitors (TKIs), nivolumab 
showed a significant improvement in median OS benefit, 
which led to regulatory approval in both the EU and the 
USA.15,16 Subsequently, several immune-oncology (IO) drug 
combination have proven better efficacy over sunitinib in the 
first-line setting, with a new revolution in the treatment of 
mccRCC. In the phase 3 CheckMate 214 trial evaluating nivo
lumab plus the anti-CTLA4 ipilimumab versus sunitinib in 
previously untreated mRCC patients, OS and objective 
response rates (ORR) were significantly higher in the treatment 
with nivolumab plus ipilimumab than with sunitinib among 
IMDC (International Metastatic RCC database Consortium) 
intermediate- and poor-risk patients.17,18 Ongoing clinical 
trials and others recently concluded continue to study the 
efficacy of novel drug combinations, with special reference to 
the anti-PD-L1 agent avelumab or the anti-PD-1 antibody 
pembrolizumab with the VEGFR-inhibitor axitinib.19,20

However, although a clinically relevant median response 
duration is reported, not all patients equally benefit from the 
currently available IO treatment, and the patient response rate 
is overall low.17 Biological factors specific for certain indivi
duals have a clear effect on this variation in response. 
Predicting which patient will benefit from immunotherapy 
still remain an issue, as well as an unmet need. Predictive 
biomarkers could help to identify patient’s subgroups for 
immune-checkpoint treatment, driving the therapeutic choice 
and preventing or overcoming the drug resistance.

Since nivolumab inhibits the PD-1/PD-L1 interaction, PD- 
L1 expression should be a valid predictive biomarker to anti- 
PD-(L)1 immunotherapies. In fact, it was hypothesized that 
PD-L1 expression by the tumor or immune cells is required for 
therapy response, as it happens in other tumors.21

Many elements represent a barrier to the use of PD-L1 
expression as potential biomarker for monitoring the nivolu
mab activity. The assessment of PD-L1 expression using 
immunohistochemistry (IHC) staining in formalin-fixed par
affin-embedded (FFPE) tissue samples shows several limita
tions inherent to the tissue sampling, IHC detection methods 
and used antibodies. Beyond the technical methods to define 
the positivity in the tumor tissue, the main limitation is that 
PD-L1 and PD-1 are dynamic checkpoints, like the immune 
system, and their expression in paraffin-embedded tumor tis
sue could not be representative of all metastatic disease, that 
changes during cancer evolution and treatment in individual 
patients.22 Right the high temporal and spatial biological het
erogeneity within the same tumor sample and in response to 
treatment adds further complexity and represents one of the 

leading barriers to the identification of a non-invasive biomar
ker for the prediction of response.23 Thus, more dynamic 
biomarkers are required for patient selection. Since the soluble 
forms of PD-1 (sPD-1) and PD-L1 (sPD-L1) can be detected in 
the peripheral blood, and a positive correlation between sPD-1/ 
sPD-L1 levels with clinical response was recently described in 
other type of tumors, the plasma sPD-(L)1 expression level 
could represent a predictive biomarker of immunotherapy 
response in mccRCC.

Additionally, it is well known that, although PD-1 and PD- 
L1 are the main targets of the drugs used in clinical practice, 
others immune-checkpoints are involved in a complex net
work of interactions between receptors and ligands present 
both on tumor cells and T cells, positively or negatively mod
ulating the antitumor immune response.24

Among several immune checkpoints, a family of transmem
brane glycoproteins belonging to the immunoglobulin (Ig) 
superfamily, called butyrophilins (BTNs), has been recently 
shown to have an interesting immunomodulatory role.25–27

Based on these evidence, we investigated the potential role 
of sPD-1, sPD-L1, and sBTNs (pan-sBTN3A, sBTN3A1, and 
sBTN2A1) levels as predictive biomarkers of response to nivo
lumab treatment in mccRCC patients (Figure 1).

2. Materials and methods

2.1. Study population

We performed a prospective study including a cohort of 56 
patients with histologically confirmed diagnosis of ccRCC, 36 
patients from University Hospital Policlinico “P. Giaccone” of 
Palermo (Italy) and a validation cohort of 20 patients from I.R.C. 
C.S. San Matteo University Hospital Foundation of Pavia (Italy).

Peripheral blood samples from ccRCC patients were pro
spectively obtained from March 2017 to January 2019.

The study population included patients with advanced dis
ease candidate to the anti-PD-1 nivolumab as second line 
treatment, based on medical choice and current therapeutic 
options.

Blood samples were collected at baseline, before starting 
nivolumab treatment (T0), and after a 4-week period (T1, 
two cycles of nivolumab administration).

The clinical information collected included gender, age, 
histologic subtype, grading, clinical stage according to the 
TNM system of the American Joint Committee on Cancer 
(AJCC), Karnofsky performance status (PS), prognostic fac
tors, type of surgery, site of metastases, tumor response [pro
gression disease (PD), stable disease (SD), partial response 
(PR), complete response (CR)] assessed according to 
Response Evaluation Criteria In Solid Tumors (RECIST ver
sion 1.1.), and progression free survival (PFS) to nivolumab 
treatment.

The association of sIC with clinical outcomes was analyzed, 
including PFS, best overall response by RECIST (BOR), objec
tive response of >20% (OR), IMDC Prognostic Risk Group and 
number of metastases.

A written informed consent was obtained from each 
recruited patient in the study (Protocol “G-Land 2017”) 
approved by ethical committee (Comitato Etico Palermo 1; 
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approval number: 0103–2017) of the University-affiliated 
Hospital AOUP ‘P. Giaccone’ of Palermo. All clinical informa
tion were anonymously recorded and coded.

In the population of metastatic patients, treated 
with second-line nivolumab, the association between plasma 
ICs levels and nivolumab response and, subsequently, the 
plasma dynamic changes after immunotherapy treatment 
were investigated. The results were confirmed in the validation 
cohort of 20 mccRCC patients.

An exploratory analysis on patients with localized dis
ease was included in the study. In this population, blood 
samples were collected before the kidney surgery (T0-l), 
and at tenth day after surgery (T1-l). The difference in 
plasma ICs levels between metastatic ccRCC patients and 
those with localized disease was investigated.

2.2. Sample collection and plasma isolation

The peripheral blood samples from patients were processed 
within 2 h of collection, by centrifugation at 2.200 g for 15 min 
at 4°C in presence of EDTA. The isolated supernatants (plasma 
fractions) were aliquoted in cryotubes and stored at −80°C 
until their use for subsequent analysis.

2.3. Determination of soluble PD-L1, PD-1, pan-BTN3A, 
BTN3A1 and BN2A1 concentrations in plasma

The plasma sPD-1, sPD-L1, and pan-sBTN3A, sBTN3A1, and 
sBTN2A1 levels have been measured using specific homemade 
ELISA assays not yet commercially available. Because some 
differences have been observed when using kits obtained 
from different sources, specific ELISA assays designed by 
DYNABIO S.A. (Parc de Luminy, Marseille France) according 
to our recommendations were used. These specifications 
included: (i) confirmation by tandem mass spectrometry of 
the antigen sequence; (ii) optimization of the assay by testing 
all combinations of available monoclonal antibodies in capture 
and detection, targeting maximal signal/background ratio, and 
sensitivity (combinations of two or more antibodies in coating 
and/or detection were also tested to improve performances); 
(iii) checking sample compatibility (serum vs plasma, interfer
ence of the matrix); and (iv) ensure that assay can be run at 
room temperature for easy handling and robustness.

All five ELISAs followed the same protocol: all steps were 
run at room temperature. Plates were coated overnight with the 
antibody selected for antigen, then washed. Remaining binding 
sites were blocked to minimize background. The next steps all 
ended with plate washing. For the PD-L1 assay, all steps were 
performed under shaking. Samples to be tested were incubated 

Figure 1. The assessment of PD-L1 expression using immunohistochemistry (IHC) staining in formalin-fixed paraffin-embedded (FFPE) tissue samples shows several 
limitations inherent to the tissue sampling, IHC detection methods and used antibodies. Circulating ICs could represent more dynamic biomarkers and be useful to 
predict the effect of the anti-PD-1 monoclonal antibody against RCC.
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for 3 h. Then, the biotinylated antibody selected for detection 
was incubated for 30 min, followed by incubation for 15 min 
with the avidine-peroxidase conjugate. Finally, the substrate 
TMB was incubated for 15 min, the reaction stopped with H2 
SO4 and the O.D. read at 450 nm. Concentrations were estab
lished by comparison with a range obtained with known con
centrations of the recombinant antigen.

The five ELISA tests used showed good linearity and 
a high specificity. The linearity for sPD-1 measurement in 
the test ranges from 0.05 to 5.00 ng/mL, for sPD-L1 from 
0.02 to 2.00 ng/mL, for sPan-BTN3As from 0.10 to 8.00 ng/ 
mL, for sBTN3A1 from 0.10 to 8.00 ng/mL, and for 
sBTN2A1 is from 0.06 to 2.00 ng/mL as presented in 
Supplementary Figure 1. Also, we tested the cross reactivity 
between these five recombinant proteins and, as expected, 
no signal was detected when the antibodies used did not 
correspond to the antigen.

Analysis comparing concentrations of the five markers 
measured in serum and plasma from the same blood col
lection showed that apparent concentrations in serum were 
at least three to five times less than in plasma 
(Supplementary Figure 2). This study showed that clotting 
determined the apparent loss of a large part of the assayed 
proteins. Because the mechanism of such loss is unknown, 
determination of protein concentrations in serum might be 
affected by factors other than the patient clinical status. 
Therefore, the use of serum samples could be misleading 
and should be avoided. For this reason, all samples assayed 
in this study were plasmas. We also observed in all five 
ELISAs an interference of the plasma matrix, which 
becomes negligible when plasma samples are diluted at 
least 1/5. In the present investigation, all plasma samples 
were at least diluted 1/5 before assay.

2.4. Statistical analysis

One-way analysis of variance (ANOVA) test were used to per
form analyses of correlation between pre-treatment (T0) ICs 
plasmatic levels in metastatic ccRCC patients before nivolumab 
treatment.

Fisher’s exact test was used to evaluate the immu
notherapy response based on the plasma PD-1, PD-L1, 
pan-BTN3As, BTN3A1, and BTN2A1 levels, 
respectively, and the correlation with the IMDC 
Prognostic Risk Group and number of metastatic sites. 
Wilcoxon test was used to evaluate paired samples. 
Pearson’s chi-square test was used for association of sIC 
with best overall response by RECIST (BOR) and objective 
response of >20% (OR).

The receiver operating characteristic (ROC) curves analysis 
were used to determine the optimal cut-off for each marker, in 
order to classify short-term versus long-term responders.

The analysis of PFS, defined as the time between blood 
sample collection and progression or death from any cause, 
was performed using the Kaplan-Meier method and log-rank 
test. Data were generated using the MedCalc software for 
Windows, version 18.2.1 (MedCalc Software, Ostend, 
Belgium). P values <.05 were considered statistically 
significant.

The optimal cut-off for sPD-1 was 2.11 ng/ml (AUC = 1.0, 
p value < .001), 0.66 ng/ml for sPD-L1 (AUC = 0.88, p value < 
.001), 6.84 ng/ml for sBTN3A1, (AUC = 0.815, p value < .001) 
and 12.73 ng/ml for sBTN3 global (AUC = 0.741, p value < .04); 
6.01 ng/ml for sBTN2A1 (AUC = 0.556, p value 0.689).

3. Results

3.1. Patients characteristics

Fifty-six (56) ccRCC patients were included in the study. 
Twenty-one (21) were metastatic patients of the learning 
cohort, treated by second line nivolumab, while twenty (20) 
were patients belonging to an independent validation cohort of 
mccRCC patients in treatment with nivolumab to confirm the 
correlation levels between each sIC tested. Fifteen (15) were 
ccRCC patients with localized disease included in the explora
tory analysis. The population clinical characteristics and patho
logical parameters are summarized in Tables 1 and 2.

3.2. Baseline Plasma ICs levels as predictive biomarkers 
of anti-PD-1 treatment outcome in metastatic ccRCC 
patients

Plasma ICs levels in blood samples from 21 metastatic renal 
cancer patients of the learning cohort, before nivolumab treat
ment (T0), were analyzed. The mean levels of sPD1 and sPD- 
L1 were 2.79 ng/ml (range 0.52–25.00) and 0.62 ng/ml (range 
0.26–1.31), respectively.

The same analysis was made on the soluble butyrophilin- 
like receptors, such as sBTN3global, sBTN3A1, and sBTN2A1. 
The mean plasma levels were 12.65 ng/ml (range 3.32–28.18), 
7.00 ng/ml (range 2.03–24.76), and 8.66 ng/ml (range 5.67–
16.93), respectively.

To investigate the predictive role of plasma levels of ICs in 
the immunotherapy response, levels of sIC before nivolumab 
treatment (T0) were correlated with PFS and best overall 
response by RECIST.

We divided the population based on the PFS to nivolumab 
treatment. Two of 21 patients showed a PFS<6 months, 10/21 
patients a PFS between 6 and 18 months, and 9/21 patients 
a PFS>18 months (Figure 2(a)). Comparing the mean pre- 
treatment (T0) levels of plasma ICs of all patients with the 
long-responder group (>18 months), sPD1, sPD-L1, and 

Table 1. Clinical and pathological features of localized RCC patients.

Baseline characteristics 
Tot (n) 15

Median age (range) – years 61 (31–87)
Sex 

Male 
Female

11 (73.3%) 
4 (26.7%)

Histological classification 
Clear cell 
Others

15 (100%) 
0 (0%)

Type of surgery 
Partial Nephrectomy 
Radical Nephrectomy

7 (46.7%) 
8 (53.3%)

AJCC/UICC TNM classification 
Stage I 
Stage II 
Stage III

7 (46.7%) 
5 (33.3%) 

3 (20%)
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sBTN3A1 were higher in long-responder patients: 13.25 ng/ml 
(range 1.22–25.0), 1.09 ng/ml (range 0.47–2.41), and 11.03 

(9.32–24.76) for sPD-1, sPD-L1, and sBTN3A1, respectively 
(Figure 2(b,c,e)). These difference were statistically significant 
(p = .01; p = .02; p = .03) (Table 3).

The mean plasma levels of sBTN3 global and sBTN2A1 in 
patients with PFS>18 months were 12.32 ng/ml (range 7.79–
27.77) and 7.71 (range 4.91–10.00) ng/ml, respectively (Figure 
2(d,f)), but the difference for these three ICs, if compared with 
all nivolumab patients, was not statistically significant (Table 
3). For this reason, they were not included in the further 
survival analyses.

Using specific cut-offs determined by ROC curves, we clas
sified for each immune-checkpoint tested the patients with low 
and high plasma levels. We plotted the PFS for these patients 

Table 3. Median and range of pretreatment (T0) levels of plasmatic ICs in all 
mccRCC patients and in long-responders (>18 months) group.

ICs

All Nivolumab 
pts 

N = 21

Long-responders pts 
(PFS>18mo) 

N = 9
p value 

*

sPD-1 
Median (ng/ml) 
Range

2.00 
0.52–25.00

13.25 
1.22–25.00

p = .01

sPD-L1 
Median (ng/ml) 
Range

0.64 
0.26–1.31

1.09 
0.47–2.41

p = .02

sBTN3g 
Median (ng/ml) 
Range

12.94 
3.32–28.18

12.32 
7.79–27.77

p = ns

sBTN3A1 
Median (ng/ml) 
Range

6.84 
2.03–24.76

11.03 
5.11–24.76

p = .03

sBTN2A1 
Median (ng/ml) 
Range

8.79 
5.67–16.93

7.71 
4.91–10.00

p = ns

*ANOVA test

Table 2. Clinical and pathological features of metastatic RCC patients.

Baseline characteristics 
Tot (n) 21

Median age (range) – years 61 (36–70)
Sex, n (%) 

Male 
Female

19 (90.5%) 
2 (9.5%)

Histological classification 
Clear cell 
Other

21 (100%) 
0 (0%)

Prior nephrectomy 
Yes 
No

5 (23.8%) 
16 (76.2%)

No. of evaluable disease sites, n (%) 
≤2 
≥3

4 (19.1%) 
17 (80.9%)

Site of metastasis 
Lung only 
Lung + others

6 (28.6%) 
15 (71.4)

Site of metastasis, individual 
Lung 
Lymph node 
Liver 
Bone 
Pancreas 
SNC

10 (47.6%) 
11 (52.4%) 

6 (28.6%) 
5 (23.8%) 

1 (4.7%) 
4 (19%)

IMDC Prognostic Risk Group, n (%) 
Favorable 
Intermediate 
Poor

6 (28.6%) 
15 (71.4%) 

0 (0%)
Best response to nivolumab treatment
Complete response (CR) 1 (4.7%)
Partial response (PR) 

Stable disease (SD) 
Progressive disease (PD)

9 (42.9%) 
10 (47.7%) 

1 (4.7%)
Median duration of response (range) – months 14 (3–28)

Figure 2. PFS (months) to nivolumab treatment in mccRCC patients (a); mean value of plasmatic ICs levels in all nivolumab patients versus long-responders patients 
(>18 months) (b, c–f).
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by Kaplan-Meier curves. For sPD-1, sPD-L1, and sBTN3A1 we 
observed strong significant differences in median PFS between 
patients with plasma concentrations above and under 
thresholds.

Patients with high levels of sPD-1 (>2.11 ng/ml) have a med
ian PFS of 20.7 months compared to 6.9 months for patients 
with low levels of sPD-1 (p value <.0001) (Figure 3(a)). Patients 
with high levels of sPD-L1 (>0.66 ng/ml) have a median PFS of 
19 months compared to 9 months for patients with low levels 
of sPD-L1 (p value <.0001) (Figure 3(b)), and patients with 
high levels of sBTN3A1 (>6.84 ng/ml) have a median PFS of 
17.5 months compared to 8.4 months for patients with low 
levels of BTN3A1 (p value = .002) (Figure 3(c)). The strongest 
difference in PFS was observed using sPD-1 as biomarker.

The association of sIC with best overall response by RECIST 
(BOR) and objective response of >20% (OR) were also analyzed. 
High sPD-1 (>2.11 ng/ml) and sBTN3A1 (>6.84 ng/ml) levels 
were associated with BOR, but also with favorable OR (objective 
response of >20%) (Table 4).

Investigating the correlation between baseline plasma ICs levels 
and the number of metastatic sites (≤2 or ≥3), the sPD-L1 and 
sBTN2A1 levels were significantly higher in the patients with ≥3 
sites of disease (sPD-L1 p = .03; sBTN2A1 p = .003). As regards the 
localization of distant metastases (lung vs other sites), the sPD-L1 
and sBTN2A1 levels were increased in patients with non-lung in 
comparison with only lung metastases (sPD-L1 p = .003; sBTN2A1 
p = .01) Association between sPD-L1 levels and IMDC Prognostic 
Risk Group was also detected. Higher sPD-L1 levels were observed 
in the intermediate than favorable risk group (p = .003) (Table 5).

3.3. Comparison T0-T1 of ICs levels in the plasma of 
mccRCC long responders patients treated with nivolumab

In the population of patients with PFS>18 months, after 
a 4-weeks period (T1) with nivolumab treatment (2 cycles of 
nivolumab administration), plasma levels of sPD1 and sPD-L1 
were lower than baseline, with a mean of 1.23 ng/ml (range 
1.06–1.93) for sPD-1 and 0.73 ng/ml (range 0.56–1.39) for 
sPD-L1. Unlike sPD-1 and sPD-L1, plasma levels of 
sBTN2A1 were higher at the 4-weeks period (T1; 9.99 ng/ml; 
range 7.94–19.13) than baseline (T0; mean 7.71 ng/ml; range 
4.91–10.0). While the Wilcoxon test for paired samples showed 
a statistically significant difference between T0 and T1 for both 
sPD1 and sBTN2A1 (sPD1: T0 vs T1 p = .0078; sBTN2A1 T0 vs 
T1 p = .0007), probably the small number of analyzed samples 
did not allow us to demonstrate a statistically significant dif
ference in T0-T1 sPD-L1 levels (p = .097).

Changes in plasma levels are showed also for sBTN3A1 and 
sBTN3 global, but these difference T0-T1 did not reach statistical 
significance (Figure 4(a–d)).

3.4. Exploratory analysis: comparison of plasma ICs levels 
in metastatic versus localized ccRCC patients

Plasma ICs levels in samples from 15 localized renal cancer 
patients were analyzed before surgery and the correlation with 
the metastatic cohort was investigated. Concentrations of sPD- 
1 and sPD-L1 were statistically higher in the plasma of meta
static compared to localized RCC patients. Mean sPD-1 in 

p < 0.0001 p < 0.0001 p = 0.002

a) b) c)

Figure 3. Kaplan-Meier analysis of progression free survival in patients from learning cohort with high and low plasma levels of sPD-1 (a), sPD-L1 (b), and sBTN3A1 (c).

Table 4. Association of sIC with best overall response by RECIST (BOR) and objective response of >20% (OR).

Total pts (n.)

Best overall response by RECIST Objective response

RC/RP SD PD p value* >20% <20% p value*

PD-1 (ng/ml) 
≤2.11 
>2.11

13 
8

1 
6

8 
1

4 
1

<0.001 1 
6

12 
2

0.001

PD-L1 (ng/ml) 
≤0.66 
>0.66

10 
11

2 
6

5 
4

4 
1

ns 2 
6

6 
5

ns

sBTN2A1 (ng/ml) 
≤6.01 
>6.01

3 
18

2 
8

1 
8

0 
2

ns 2 
8

1 
10

ns

sBTN3A1 (ng/ml) 
≤6.84 
>6.84

11 
10

1 
7

6 
2

4 
1

0.015 1 
7

10 
3

0.004

*Pearson’s chi-square test
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localized group was 1.54 ng/ml (range 0.55–3.91) vs mean sPD- 
1 in metastatic group 2.79 ng/ml (range 0.52–25.00). Mean 
sPD-L1 in localized group was 0.49 ng/ml (range 0.25–0.69) 
vs mean sPD-L1 in metastatic group 0.62 ng/ml (range 0.26–
2.41) (sPD-1 p = .003; sPD-L1 p = .03) (Figure 5(a,b)).

The same observation was made with the soluble butyro
philin-like receptors sBTN2A1 and sBTN3A1. Mean values 
were higher in the group of metastatic compared to the 
group of localized patients, but the difference between the 
two groups is not statistically significant (BTN2A1: 8.33 vs 
8.66 ng/ml; BTN3A1: 6.47 vs 7.01 ng/ml) (Figure 5(c,d)).

3.5. Validation in a prospectively collected patient cohort

We used 20 independent blood samples from mccRCC 
patients in order to confirm the predictive value of tested 
markers. In this cohort, the optimal cut-off was 1.31 ng/ml 
(AUC = 1.0, p value < .001) for sPD-1, 0.73 ng/ml for sPD- 
L1 (AUC = 0.944, p value < .001), 3.8 ng/ml for sBTN3A1 
(AUC = 0.806, p value < .03), 5.11 ng/ml for sBTN3 global 
(AUC = 0.833, p value < .01), and 9.12 ng/ml for sBTN2A1 
(AUC = 0.708, p value 0.23).

Next, we applied on the validation cohort the threshold 
levels previously determined in learning cohort by the ROC 
curves. As expected, we found a significative correlation 

Table 5. Association between baseline plasma ICs levels and number of metastatic sites, localization of metastasis and IMDC Prognostic Risk Group.

Total pts 
(n.)

No. of metastatic sites Site of metastasis IMDC Prognostic Risk Group

≤2 ≥3 p value* Lung Others p value* Favorable Intermediate p value*

PD-1 (ng/ml) 
≤2.11 
>2.11

13 
8

4 
0

9 
8

ns 5 
1

8 
7

ns 4 
2

9 
6

ns

PD-L1 (ng/ml) 
≤0.66 
>0.66

10 
11

4 
0

6 
11

0.03 6 
0

4 
11

0.003 6 
0

4 
11

0.003

sBTN2A1(ng/ml) 
≤6.01 
>6.01

3 
18

3 
1

0 
17

0.003 3 
3

0 
15

0.01 2 
4

1 
14

ns

sBTN3A1(ng/ml) 
≤6.84 
>6.84

11 
10

4 
0

7 
10

ns 4 
2

7 
8

ns 5 
1

6 
9

ns

* Fisher’s exact test

p= 0.097p= 0.0078

a)

sPD-1 (ng/ml) Nivolumab-T0 Nivolumab-T1

Lowest value 1.22 1.06
Highest value 25.00 1.93
Median 13.25 1.23
95% CI for the median 11.6980 to 15.3172 1.0910 to 1.8169

0

5

10

15

20

25

PD1_ng_ml__FIRST_ PD1_ng_ml__SECOND_
1

10

100

PD1_ng_ml__FIRST_ PD1_ng_ml__SECOND_sPD-1 (ng/ml) 
T0

sPD-1 (ng/ml) 
T0

sPD-1 (ng/ml) 
T1

sPD-1 (ng/ml) 
T1

0,1

1

10

PDL1_ng_ml__FIRST_ PDL1_ng_ml__SECOND_

0,1

1

10

PDL1_ng_ml__FIRST_ PDL1_ng_ml__SECOND_
sPD-L1 (ng/ml) 

T0
sPD-L1 (ng/ml) 

T0
sPD-L1 (ng/ml) 

T1
sPD-L1 (ng/ml) 

T1

aPD-L1 (ng/ml) Nivolumab-T0 Nivolumab-T1

Lowest value 0.47 0.56
Highest value 2.41 1.39
Median 1.090 0.73
95% CI for the median 0.7007 to 2.1806 0.5955 to 1.2196b)

4

6

8

10

12

14

16

18

20

BTN2A1_ng_ml__FIRST_ BTN2A1_ng_ml__SECOND_

1

10

100

BTN3A1_ng_ml__FIRST_ BTN3A1_ng_ml__SECOND_
1

10

100

BTN3A1_ng_ml__FIRST_ BTN3A1_ng_ml__SECOND_
4

6

8

10

12

14

16

18

20

BTN2A1_ng_ml__FIRST_ BTN2A1_ng_ml__SECOND_

p= 0.148p= 0.0007

c)

sBTN2A-1 (ng/ml) Nivolumab-T0 Nivolumab-T1

Lowest value 4.91 7.94
Highest value 10.00 19.13
Median 7.71 9.99
95% CI for the median 5.1235 to 9.7651 8.3030 to 17.5557

sBTN2A2 (ng/ml) 
T0

sBTN2A1 (ng/ml) 
T0

sBTN2A1 (ng/ml) 
T1

sBTN2A1 (ng/ml) 
T1

sBTN3A1 (ng/ml)
T0

sBTN3A1 (ng/ml) 
T0

sBTN3A1 (ng/ml) 
T1

sBTN3A1 (ng/ml) 
T1

sBTN3A1 (ng/ml) Nivolumab-T0 Nivolumab-T1

Lowest value 9.32 4.22
Highest value 24.76 20.07
Median 11.03 6.52
95% CI for the median 8.0205 to 20.1469 4.2768 to 12.8382d)

Figure 4. Comparison T0-T1 of ICs levels in the plasma of mccRCC long responders patients treated with nivolumab.
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between PFS to anti-PD-1 treatment and high basal expres
sion levels in plasma for sPD-1, sPD-L1, and sBTN3A1. 
These results confirmed our previous observation made in 
the learning cohort and allowed to discriminate short versus 
long-responders to nivolumab therapy in the validation 
cohort. Patients with high levels of sPD-1 (>2.11 ng/ml) 
had a median PFS of 16.6 months compared to 9.7 months 
for patients with low levels of sPD-1 (p value = .002); 
patients with high levels of sPD-L1 (>0.66 ng/ml) had 
a median PFS of 15.7 months compared to 8.6 months for 
patients with low levels of sPD-L1 (p value <.003). 
Concerning patients with high levels of sBTN3A1 
(>6.84 ng/ml), they had a median PFS of 16.9 months 

compared to 7.8 months for patients with low levels of 
BTN3A1 (p value < .001).

4. Discussion

Despite a proportion of mRCC patients can experiment 
marked and durable responses to immune-checkpoints inhibi
tors (ICIs), the treatment efficacy is variable, and a considerable 
number of patients is resistant to PD-1/PD-L1 inhibition. 
Thus, in order to maximize the patient benefit, combination 
therapies (ipilimumab plus nivolumab and combinations of 
ICI with VEGFR TKIs) to improve response rates have been 
studied in first-line treatment, and predictive biomarkers to 

sPD-1 (ng/ml) plasma levels

Localized Metastatic

Lowest value (ng/ml) 0.55 0.52
Highest value (ng/ml) 3.91 25.00
Mean (ng/ml) 1.54 2.79

p=0.003

Localized ccRCC
(ng/ml)

Metastatic ccRCC
(ng/ml)

Localized ccRCC
(ng/ml)

Metastatic ccRCC
(ng/ml)

sPD-L1 (ng/ml) plasma levels

Localized Metastatic
Lowest value (ng/ml) 0.25 0.26

Highest value (ng/ml) 0.69 2.41

Mean (ng/ml) 0.49 0.62

p=0.03

a) b)

sBTN2A1 (ng/ml) plasma levels sBTN3A1 (ng/ml) plasma levels

Localized ccRCC
(ng/ml)

Metastatic ccRCC
(ng/ml)

Localized ccRCC
(ng/ml)

Metastatic ccRCC
(ng/ml)

d)c)

Localized Metastatic

Lowest value (ng/ml) 4.51 5.67

Highest value (ng/ml) 20.00 16.93

Mean (ng/ml) 8.33 8.66
p=ns

Localized Metastatic

Lowest value (ng/ml) 3.59 2.03

Highest value (ng/ml) 10.11 24.76

Mean (ng/ml) 6.47 7.01
p=ns

Figure 5. ICs in RCC patients: localized vs metastatic disease at baseline (pretreatment).
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select those patients that are most likely to have a good 
response are steadily under investigation.

It is expected that PD-L1 should be expressed for enhancing 
the anti-PD-L1/PD-1 treatment efficacy, but the results of 
correlation between IHC assays for PD-L1 expression on 
tumor tissue and ICI response are heterogeneous and contra
dictory. The reasons could be manifold: the expression of 
immune-checkpoints is a dynamic process and the PD-L1 
evaluation on tumor tissue at a single time-point can be sub
optimal, not only for several limitations related to tissue sam
pling and IHC detection methods, but also due to discordant 
expression between the primary tumor and metastatic sites, 
heterogeneous within the itself tumor and influenced by tem
poral and spatial variability of the cancer evolution and 
treatment.

Accordingly, the PD-L1 status is an imperfect predictive 
biomarker and identifying patients who will likely benefit 
from immunotherapy remains, to date, poorly predictable in 
daily clinical practice. Therefore, there is a great and intensive 
work to develop reproducible and dynamic biomarkers for 
therapeutic decisions in the clinic.

Previous reports showed that soluble PD-L1 levels in the 
blood of various malignancies is elevated.28–33 Increasing evi
dence now shows that sPD-L1 expression might be 
a prognostic factor in different type of solid cancers but with 
heterogeneous results. Patients with high blood sPD-L1 levels 
seem to have a poorer prognosis and reduced survival than 
those with low levels in melanoma and nonsmall-cell lung 
cancer (NSCLC). Conversely, in gastric cancer, high levels 
were associated with a favorable prognosis. These contradic
tory results do not allow clear conclusions regarding prognos
tic relevance of sPD-L1.32,34–38

Also in renal cell carcinoma the prognostic role of soluble 
immune checkpoint-related proteins has not been still clearly 
elucidated. Frigola et al. showed for the first time that elevated 
preoperative serum level of soluble PD-L1 were associated with 
an increased risk of death in ccRCC patients.28 In a subsequent 
study, the authors identified some ICs (sTIM3, sLAG3, sBTLA, 
and sPD-L2) associated with recurrence risk and clinical out
comes of ccRCC patients, while, conversely, sPD-L1 and sPD-1 
not seem to have a prognostic value in the same cohort of 
patients.39 Finally, in another study, it was reported that serum 
level of sPD-L1 were highest in patients with elevated tumor 
grade, regional lymph nodes and distant metastases, and, sur
prisingly, in patients with lower tumor size than T4 tumors.40

In our cohort, for the first time compared to previous 
studies, the concentrations of soluble ICs were analyzed in 
the plasma of the patients, because we presume that test per
formed on plasma are more reliable than in serum. The com
parison between metastatic and localized ccRCC patients 
showed higher median values of all plasma ICs levels in the 
metastatic cohort, with results statistically significant for sPD-1 
and sPD-L1. sPD-L1 concentrations were also correlated with 
the tumor burden, evaluated according to the number of meta
static sites, and the IMDC Prognostic Risk Groups While the 
role of sPD-1 is yet to be elucidated, the results related to sPD- 
L1 might be explained by the recent knowledges on soluble 
form of PD-L1 molecules, derived from an alternative splicing 
of PD-L1 mRNA or from a proteolytic cleavage of membrane- 

bound PD-L1, and proposed as a potential mechanism used by 
tumor cells to escape from T-lymphocytes-mediated immune 
surveillance.41

The findings of higher sPD-L1 levels in the intermediate- 
risk subgroup than favorable, and in patients with non-lung 
metastases, confirms previous literature data on poorer out
come of bone or liver metastases than lung metastases3 and 
highlights the potential prognostic impact of sPD-L1.

Although it is interesting to investigate the prognostic 
role of circulating ICs, the current need is to develop 
potential blood-based biomarkers predictive of antitumor 
effect of immune-checkpoint blockade therapy in advanced 
patients.

With this goal, we performed the first prospective study in 
renal cancer patients to investigate if soluble form of ICs could 
be candidate to predict the response to immunotherapy.

In our study high baseline levels of sPD-1, sPD-L1, and 
sBTN3A1 were associated with a longer PFS to nivolumab 
treatment. High sPD-1 and sBTN3A1 levels were also asso
ciated with best overall response by RECIST and objective 
response of >20%. The strongest predictive biomarker is 
resulted to be sPD-1.

Despite literature data on the predictive significance of sPD- 
1 are still lacking, a possible explanation is suggested by its 
potential proimmunologic role. Previous studies proposed that 
the soluble form of PD-1 binds the PD-L1 on cancer cells 
membrane, preventing the interaction with its PD-1 natural 
ligand, thus limiting the coinhibitory signal on T lymphocytes 
and consequently enhancing antitumor response.41 The biolo
gical reason why elevated plasma sPD-1 is associated with 
better response to nivolumab could be explained by these 
observations. Thus, patients with high levels of sPD-1 may 
benefit from synergic effect of proimmunologic sPD-1 and 
anti-PD-1 antibody nivolumab.

In this context, the clear and statistically significant decrease 
of sPD-1 detected after two cycles of nivolumab (Day 28) in the 
long-responder patients can be elucidated. In these patients, 
changes in sPD-1 plasma levels suggest an efficient PD-1 tar
geting by nivolumab treatment. Conversely, compared to base
line, at the same time-point (Day 28) sPD-1 levels were 
significantly increased in patients with PD as best response. 
Monitoring sPD-1 kinetics at day 28 may be helpful to the 
clinician to identify nonresponders mRCC patients before the 
first radiological evaluation.

As regards sPD-L1, as mentioned before, this molecule is 
mainly released by tumor cells. As well as tumor PD-L1 expres
sion has been the most commonly explored biomarker for 
predicting response to anti-PD-1 antibodies, similarly its solu
ble form could have the same meaning. In mRCC, an increased 
response rate or improved PFS was seen in patients with PD-L1 
+ tumors in some trials, including the phase II trial of 
nivolumab,16 the KEYNOTE-427 with pembrolizumab 
monotherapy,42 and the CheckMate 21443 with the combina
tion of nivolumab-ipilimumab. Our findings on sPD-L1 differ 
from previous published studies in other tumor types which, 
despite the patient numbers too small to draw any significant 
conclusions, showed that elevate baseline expression of sPD-L1 
in NSCLC and melanoma patients treated with anti-PD-1 
therapy may be predictive of treatment failure.
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However, one further consideration is related to the pecu
liarities of the RCC where, more than in the lung cancer and 
melanoma, the results on predictive value of PD-L1 expression 
have been very heterogeneous and not fully understood.

Finally, our study reveals that baseline soluble concentra
tions of another immune-checkpoint, BTN3A1, were higher in 
long responders patients and associated with best overall 
response and objective response rate to nivolumab treatment. 
BTN3A1 is a protein belonging to the butyrophilin 3A sub
family, recently implicated in cancer immune surveillance. The 
BTN3A isoforms is overexpressed in several tumors and 
involved in the antitumor function of Vγ9Vδ2 cytolytic 
T-cells.27 The findings in this study confirm its involvement 
in the anti-tumor immune response and a potential role as 
target of novel antitumoral treatments.

In conclusion, in this study we showed that the plasma levels 
of soluble PD-1, PD-L1 and BTN3A1 can predict response to 
nivolumab in metastatic clear cell renal carcinoma, discrimi
nating responders from non-responders already at therapy 
baseline, with the advantages of non-invasive sample collection 
and real-time monitoring that allow to to assess the dynamic 
changes during cancer evolution and treatment. Future studies 
in a larger patient cohort should be encouraged to confirm 
these preliminary results.
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