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Extensive plasma proteomic profiling
revealed receptor activator of nuclear
factor kappa-B ligand (RANKL) as
emerging biomarker of nivolumab
clinical benefit in patients with
metastatic renal cell carcinoma
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. Marco Stellato,"? Silvia Cavaliere,’

Bruno Vincenzi,' Giuseppe Tonini,' Daniele Santini,”® Francesco Pantano'

ABSTRACT

Background The advent of immune checkpoint inhibitors
(ICls) have led to a paradigm change in the management
of metastatic renal cell carcinoma (mRCC), nevertheless,
the benefit of treatment is confined to a limited proportion
of patients. Therefore, the identification of predictive
biomarkers for response to ICIs represents an unmet
clinical need. Here, we performed a large-scale plasma
proteomic profile of patients with mRCC, treated with
nivolumab, to identify soluble molecules potentially
associated with clinical benefit.

Methods We analyzed the levels of 507 soluble
molecules in the pretreatment plasma of 16 patients with
mRCC (discovery set) who received nivolumab therapy as
a single agent. The ELISA assay was performed to confirm
the protein level of candidate biomarkers associated to
clinical benefit in 15 patients with mRCC (validation set).
Survival curves of complete cohort were estimated by the
Kaplan-Meier method and compared with the log-rank
test.

Results Out of 507 screened molecules, 135 factors
were selected as expressed above background and 12

of them were significantly overexpressed in patients who
did not benefit from treatment (non-responders (NR))
compared with responders (R) group. After multiplicity
adjustment, receptor activator of nuclear factor kappa-B
ligand (RANKL) was the only molecule that retained the
statistical significance (false discovery rate: 0.023). RANKL
overexpression in NR patients was confirmed both in
discovery (median NR: 528 pg/mL vs median R: 288 pg/
mL, p=0.011) and validation set (median NR: 440 pg/mL vs
median R: 253 pg/mL, p<0.001). Considering the complete
cohort of patients (discovery-+validation set), significantly
higher RANKL levels were found in patients who primarily
progressed from treatment compared with those who had
a partial response (p=0.003) or stable disease (p=0.006).
Moreover, patients with low RANKL levels had significant
improvements in progression-free survival (median 14.0
months vs 3.4 months, p=0.004) and overall survival
(median not reached vs 30.1 months, p=0.003).

KEY MESSAGES

= The clinical benefit of immune checkpoint inhibitors
is still limited to a minority of patients reflecting the
need to identify novel non-invasive biomarkers to
improve patient selection. Currently available mark-
ers such as programmed death ligand-1 expression
and tumor mutational burden have shown import-
ant limitations in metastatic renal cell carcinoma
(mRCC) setting.

= Our extensive proteomic analysis identified receptor
activator of nuclear factor kappa-B ligand (RANKL)
as potential biomarker associated to response and
survival in patients with nivolumab-treated mRCC.

= The findings presented here, if confirmed in a larger
prospective trial, could validate the predictive role
of RANKL and translate this biomarker in clinical
practice.

Conclusions Our exploratory study suggests RANKL as a
novel independent biomarker of response and survival in
patients with mRCC treated with nivolumab.

INTRODUCTION

The development of immune checkpoint
inhibitors (ICIs) revolutionized the arma-
mentarium for the treatment of metastatic
renal cell carcinoma (mRCC) leading to
a remarkable improvement in patients’
outcome and quality of life."”” In particular,
immunotherapy entered the mRCC clinical
scenario after the publication of the Phase
3 CheckMate-025 trial results.' > This study
demonstrated superior efficacy for the anti-
programmed cell death protein- 1 (PD-1)
nivolumab compared with the standard-
of-care everolimus in patients who had
received a prior line with antiangiogenic
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Table 1 Clinicopathological variables of study population

Discovery set

Validation set

(N=16) (N=15)

Sex

Female 5 (31%) 4 (27%)

Male 11 (69%) 11 (73%)
Age

>66 9 (56%) 7 (47%)

<66 7 (44%) 8 (53%)
Therapy line

Second 13 (81%) 12 (75%)

Third 3 (19%) 3 (25%)
First-line TKI

Sunitinib 11 (69%) 8 (53%)

Pazopanib 5 (31%) 7 (47%)
IMDC score

Good risk 5 (B81%) 5 (33%)

Intermediate risk 11 (69%) 10 (67 %)

IMDC, International Metastatic RCC Database Consortium; TKI,
tyrosine kinase inhibitor .

agents. More recently, ICIs have been investigated in the
first-line setting alone or associated with other agents
(ipilimumab or antivascular drugs), showing significant
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survival benefit over antivascular tyrosine kinase inhib-
itor (TKI) monotherapy.”” Unfortunately, only a limited
proportion of patients with mRCC achieved a signifi-
cant and durable disease control from ICIs treatment.
Therefore, the identification of predictive biomarkers of
ICI clinical benefit represents the major clinical need
in mRCC in order to increase the number of patients
who may benefit from these treatments and reduce the
exposition to potentially inactive, but nevertheless toxic,
agents. In mRCC, programmed death ligand-1 (PD-L1)
assessment demonstrated to be more prognostic®'’ than
predictive and, therefore, it cannot be used in daily clin-
ical practice. Indeed, in CheckMate-025' and Check-
Mate-214° trials, patients benefit from ICIs treatment
regardless of the PD-L1 expression levels. Similarly, in
the KEYNOTE-426 study, the efficacy of pembrolizumab
plus axitinib was observed both in patients with high
and low PD-L1 expression.6 In addition, several tech-
nical issues related to immunohistochemistry tests and
thresholds have contributed to the inconclusive results
achieved. Similarly, in mRCC setting, data supporting
tumor mutational burden (TMB) as potential predictive
biomarker to ICIs response are limited and conflicting."'
In this regard, RCC is considered a ‘cold’ tumor with a
low TMB compared with the ‘hot tumor’ such as mela-
noma and non-small cell lung cancer."” ® Tumor micro-
environment including tumor infiltrating immune cells
and microbiome'*'® are other interesting fields of
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(A) Volcano plot for differential soluble molecules expression in patients with R and NR metastatic renal cell

carcinoma (molecules significantly overexpressed are on the right). (B) Heat map of relative intensity signal (expression) of 135
soluble factors detected. FDR, false discovery rate; NR, non-responder; R, responder; RANKL, receptor activator of nuclear

factor kappa-B ligand.
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investigation, but these are far to be reproducibility as
biomarkers.

Here, we focused on the identification of circulating
biomarkers potentially associated with ICIs response in
plasma of patients with mRCC. In particular, an exten-
sive panel of 507 soluble molecules including cytokines,
chemokines, adipokines, growth factors, angiogenic
factors, proteases, soluble receptors and soluble adhesion
molecules was evaluated in patients with mRCC before
starting nivolumab and correlated with clinical benefit
associated with ICI therapy.

MATERIAL AND METHODS

Study design and patient characteristics

A consecutive series of 31 patients with mRCC was admin-
istered with nivolumab from 2017 to 2020 and followed-up
until December 2021 at Fondazione Policlinico Universi-
tario Campus Bio-Medico. The study has been designed
to provide an adequate discovery set (16 patients) and
validation cohort (15 patients) (see Sample size section
below). The study was conducted in accordance with the
principles of the Helsinki declaration.

The inclusion criteria were patients who were at least
18 years old, with a performance status of 0-1, with
good or intermediate risk by IDMC criteria, no signs of
active autoimmune disease and treated with nivolumab
as monotherapy as second line or third line of treatment
for advanced disease. Plasma samples were collected at
the day of the first cycle of treatment before the infu-
sion. The patients’ disease had to be measurable per
Response Evaluation Criteria in Solid Tumors (RECIST)

V.1.1 at baseline and had to be evaluated for response
to treatment by radiological evaluation (CT scan) every
12 weeks. We considered two groups: responder (R)
and non-responder (NR). Briefly, R were defined as
patients who showed either an objective response and/
or a stable disease (SD) lasting at least 6 months and NR
were patients who showed progressive disease (PD) at
first radiological evaluation according to RECIST V.1.1
criteria. Progression-free survival (PFS) was defined as the
time from the first infusion of nivolumab to the first docu-
mented tumor progression and overall survival (OS) was
defined as the time from the first infusion of nivolumab
to death or last news.

Sample size

Sample size estimation for discovery (discovery) set was
calculated to identify circulating molecules significantly
associated, after false discovery rate (FDR) correction,
to a better prognosis during treatment with nivolumab.
The following parameters were used: GO (estimating a
number of detected circulating molecules)=150; E(RO)
(mean number of false positives)=1; expected differen-
tial expression between R and NR of Ip11=2.5 on a log2
scale; anticipated experimental error SD (6)=0.70 on a
log2 scale.!” For these specifications, eight samples for
each group were needed. Sample size for validation set
has been calculated based on an estimated effect size of
d=1.47 (detected on discovery set). Considering a one
tail t-test statistics with an alpha error probability of 0.05,
a power of 0.8 and an allocation ratio of 1a total of 14
patients was required.
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Figure 2 Box/violin plot and density plot representing RANKL levels in responder and non-responder patients of discovery set.

RANKL, receptor activator of nuclear factor kappa-B ligand.
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Figure 3 Box/violin plot and density plot representing RANKL levels in responder and non-responder patients of validation set.

RANKL, receptor activator of nuclear factor kappa-B ligand.

Proteomic assay

A panel of 507 human target proteins was analyzed using
the human antibody Array Membrane Kit (RayBiotech)
according to the manufacture instructions. In brief, the
primary amines of samples were biotinylated and added
on the membrane array. After overnight incubation, the
Horseradish Peroxidase (HRP)-conjugated streptavidin
was added and then the signals were visualized by chemi-
luminiscence. Band signal was detected by ChemiDoc
MTP Imaging System (Bio-Rad) and their intensity was
quantified using ImagelLab Software (Bio-Rad). The
signals were normalized using the positive membrane
internal controls (anti-HRP and anti-streptavidin control
signals).

900 4

600 A

RANKL pg\ml

Plasma RANKL assessment

Receptor activator of nuclear factor kappa-B ligand
(RANKL) concentrations were determined in plasma
samples using Human TRANCE-RANKL/TNFSFI1 kit
(R&D Systems) according to the manufacturer instruc-
tions. A stop solution was added to the ELISA plates at the
end of the assay resulting in a change of color (from blue
to yellow). Optical density was calculated at 450 nanome-
ters using a microplate reader (Tecan Infinite M200Pro)
and a standard curve was created. Data were expressed in
picograms per milliliter (pg/mlL).

Statistical analysis
T-test statistics was used to identify circulating molecules
that can discriminate between R and NR. FDR correction

PD
Best Response

Best Response N Mean ) SE
RANKL pg\ml PD 16 532 215.6 53.9
PR 7 253 86.7 32.8
SO 8 283 85.3 30.2
PD PR SD
Mean
PD difference - 279 2483
p-value - 0.003 0.006
Mean
B PR difference - -30.4
] p-value _ 0.935
Mean B
SD difference
y T p-value _
PR sD

Figure 4 Box/violin plot representing RANKL levels in the three classes of patients (PD, PR and SD). PD, progressive disease;
PR, partial response; RANKL, receptor activator of nuclear factor kappa-B ligand; SD, stable disease.
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for multiple hypothesis testing was applied. Survival
curves were estimated by the Kaplan-Meier method and
compared with the log-rank test (univariate analysis).
Univariate HRs were calculated using log-rank method.
Variables found to be statistically significant at the p<0.05
level.

RESULTS

Clinicopathological findings of the patient population

From 2017 to 2020, a consecutive series of 31 patients
with advanced RCC (discovery+validationset) treated
with anti-PD-1 therapy nivolumab was prospectively
enrolled. The median follow-up was 29.5 months (95% CI
28.8 to 52.6). The median PFS and OS were 5.9 months
(95% CI 3.2 to 19.6) and not reached (95% CI 28.6 to not
reached), respectively. The clinicopathological features
of the discovery and validation set were similar and are
summarized in table 1.

RANKL is overexpressed in ‘non-responders’ patients

The analysis of soluble proteomic profile was performed
on a discovery set of 16 patients (7 R and 9 NR patients).
Out of 507 screened molecules, 135 factors were detected
in plasma samples and 12 of them were significantly
increased in NR (p<0.05) compared with R patients
before FDR correction. After FDR correction, RANKL
was found to be the only significant overexpressed factor
(FDR: 0.023) (figure 1). ELISA assay confirmed in the
discovery set that RANKL levels were significant higher in
NR group (median 528 pg/mL) compared with patients
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who benefit from treatment
(p=0.011) (figure 2).

To confirm the predictive value of RANKL for response
to nivolumab treatment, we analyzed RANKL soluble levels
in a validation set of 15 patients (8 R and 7 NR patients).
Data showed a significant overexpression of RANKL in
plasma of NR patients compared with R patients (median
440 pg/mL vs 253 pg/mlL, p<0.001) (figure 3).

(median 288pg/mL)

RANKL is associated to response and survival in patients with
mRCC treated with nivolumab

First, the association between RANKL and response
to nivolumab treatment was evaluated in our complete
cohort (31 patients) by ELISA test. Notably, higher RANKL
levels were found in patients who progressed from treat-
ment compared with those had a partial response (PR)
(p=0.003) or SD (p=0.006). No differences were observed
in R group (PR vs SD patients) (figure 4).

Next, PFS and OS were evaluated dichotomizing patients in
‘High’ and ‘Low’ RANKL according to the median RANKL
expression value. Data showed that Low RANKL patients had
significant improvements in both PFS and OS. In particular,
the median PFS in the RANKL Low and High class were,
respectively, 14.0 months (95% CI 7.99 to not reached) and
3.4 (95% CI 3.2 to 5.6) (p=0.004) (figure 5A). Similarly, the
median OS in the RANKL Low and High group were, respec-
tively, not reached (95% CI not reached to not reached) and
30.1 (95% CI 5.56 to not reached) (p=0.003) (figure 5B).
Univariate analyses for PFS and OS with all clinicopatholog-
ical variables were conducted (online supplemental table 1).
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Figure 5 Kaplan-Meier curves reporting the progression-free survival (A) and overall survival (B) in Low and High RANKL
patient stratified according to RANKL median value. RANKL, receptor activator of nuclear factor kappa-B ligand.
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Clinically relevant variables such as sex, age, International
Metastatic RCC Database Consortium score, line of treat-
ment and TKI used as first line were not associated with
survival parameters.

DISCUSSION
Our extensive proteomic analysis identified pre-treatment
levels of RANKL as a specific biomarker associated to
response and survival in patients with nivolumab-treated
mRCC. Although the sample size is limited, our study
provides the first evidence of correlation between RANK—
RANKL axis and response to anti-PD-1 agent in patients
with metastatic renal cancer. Previous studies investigating
the possibility of repurposing the RANKL inhibitor, deno-
sumab, from an antiresorptive agent to cancer immuno-
therapy in combination with ICIs."® ' In this regard, two
case reports showed that denosumab in combination
with ipilimumab (anti-cytotoxic T-lymphocytes-associated
protein 4 (CTLA-4) therapy) induced dramatic responses
in patients with metastatic melanoma.? 2! In addition,
two retrospective analyses in patients who had bone
metastasis with melanoma or non-small cell lung cancer
revealed that RANKL inhibition may enhance the anti-
tumor effects of ICIs.?? In accordance with these results,
preclinical data demonstrated synergistic effects of
RANK/RANKL inhibitors and anti-CTLA-4 agents in
immune-mediated tumor rejection.'” * However, mech-
anisms underlying the synergistic action of anti-RANKL
and ICIs remain unclear. Several evidences showed that
RANKL/RANK is involved not only in bone homeostasis,
but also in various physiological immune processes. Inter-
estingly, RANK-RANKL pathway is required for the devel-
opment of the autoimmune regulator (AIRE)-expressing
medullary thymic epithelial cells, crucial in the induction
of central T-cell tolerance. In vivo RANKL blockade selec-
tively and transiently depleted central tolerance mecha-
nisms allowing the increased generation of antitumor T
cells.** Moreover, it has been widely demonstrated that
RANK is expressed in a variety of immune cells including
macrophages, dendritic cells, natural killers (NKs), T
cells, and myeloid-derived suppressor cells (MDSGCs). In
tumor microenvironment, RANKL signaling play a key
role in modulating the immunological niche inducing T
cell and NK suppression and promoting regulatory T cells
or MDSCs activation.?”?” Taken together, these evidences
partially explain how RANKL could affects antitumor
responses of the immune system supporting our findings.
As previously mentioned, our exploratory study
included a small number of patients, but it was adequately
powered to screen the potential prognostic/predictive
role of soluble molecules (discovery set) and to confirm
the magnitude of differences observed in RANKL levels
(validation set). However, sample size was designed taking
into account binary endpoint (R vs NR) and not survival
endpoints (differences in PFS or OS) that would have
required a larger number of patients. Moreover, the study
was at least in part limited by immortal time biases since

patients who died before first CT scan restaging were
excluded. In addition, RANKL levels were only evaluated
at the baseline and there is no longitudinal assessment
of its dynamics during treatment and on progression.
Finally, although we observed a clear association between
RANKL levels and poor clinical outcomes, its predictive
role cannot be definitively stated in absence of control
group not treated with ICls.

Overall, this hypothesis-generating result suggests
that RANKL might represent a novel biomarker to
stratify patients affected by RCC treated with nivolumab.
However, the establishment of a cut-off for RANKL expres-
sion, which could be specified prospectively in future
studies, would be needed for validation of the biomarker.
Moreover, the association with clinical benefit and the
biological role of RANKL to immune-related processes
suggest its potential predictive role related to modulation
of tumor-associated immunity. Confirmatory results in
larger prospective studies, including a control group of
patients who do not receive ICI treatment, are warranted
also to validate its predictive value.
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