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ABSTRACT
RANK signaling in mouse mammary tumor cells exerts an immunosuppressive environment by promoting 
the infiltration of pro-tumorigenic neutrophils and preventing CD8 T cell recruitment. Single-agent 
denosumab led to an increased tumor immune infiltration by lymphocytes and CD8 + T cells in breast 
cancer patients, supporting the immunomodulatory role of RANK signaling.
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The receptor activator of nuclear factor κB (RANK) signaling 
pathway is widely known for its role in bone remodeling. In 
osteoclasts, when RANK is activated by its ligand (RANKL), 
bone tissue resorption is promoted. Therefore, denosumab, 
a human monoclonal antibody against RANKL, is currently 
given in the clinic to treat osteoporosis and skeletal-related 
events caused by bone metastasis.1

However, RANK has also been described to play other roles in 
several tissues and contexts, such as the mammary gland, breast 
cancer, and the immune system.1 RANK acts as a paracrine med
iator of progesterone, expanding mammary progenitor cells, and 
mediates the early steps of progesterone-driven mammary 
tumorigenesis.2–4 Studies with preclinical models manifested that 
RANK plays a key role in tumor initiation in both genetic and 
carcinogen plus hormonal-induced murine tumor models.2,4,5 

Tumor latency is longer upon RL pharmacological inhibition 
and after genetic loss of either RANK or RL in several models of 
tumorigenesis.2,4–6 In the immune system, RANK pathway is 
involved in lymph node development,7 the activation of dendritic 
cells, monocytes and T cells, and the establishment of central and 
peripheral tolerance.1,8,9

Given these diverse roles of RANK pathway, the aim of this 
study was to evaluate the role of RANK pathway in the cross
talk between breast tumor cells and the immune microenvir
onment. Using tumor transplants from MMTV-PyMT murine 
breast cancer model from either control (RANK+/+) or 
RANK-depleted (RANK-/-) background, the effects of tumor- 
intrinsic RANK signaling on the immune microenvironment 
were evaluated.

Members of our group already reported that RANK-/- 
tumor transplants had a longer tumor latency than RANK+/+ 
tumors.5 However, in this new publication, we observed that 
when implanted in immunodeficient hosts, RANK-/- tumors 
appear as fast as RANK+/+ tumors, implying that the differ
ences in tumor latency are mediated by a stronger anti-tumor 
immune response against RANK-/- tumors.

Indeed, RANK-/- tumor transplants presented a higher 
immune infiltration, enriched in anti-tumoral populations (T 
cells and CD8+ T cells) and with lower macrophage and neutro
phil infiltration. By using depletion antibodies, neutrophils were 
identified as a key immune population promoting tumor growth 
and CD8 T cell recruitment, while CD8+ T cells were described to 
mediate the differences in tumor latency seen in RANK-/- tumor 
transplants. RANK-/- tumor transplants also showed upregulation 
of immune checkpoints. In fact, when combining RANKL inhibi
tors with immune checkpoint inhibitors (anti-CTLA4 or anti-PD- 
L1), RANK+/+ tumor transplants present a stronger attenuation 
of tumor growth, while RANK-/- tumors do not further benefit 
from the addition of anti-RANKL.

Importantly, in this manuscript, preclinical data are sup
ported by the clinical observations of the D-BEYOND clinical 
trial (NCT01864798*), where the effects of denosumab on tumor 
immune infiltration are evaluated. Twenty-four premenopausal 
women diagnosed with early breast cancer were recruited in the 
D-BEYOND clinical trial. Patients undergo biopsy and then 
receive two doses of denosumab before having surgical removal 
of the primary tumor. The design of the trial allowed for evalua
tion of the same tumor before and after denosumab treatment. 
Both by immunohistochemistry and RNAseq deconvolution 
analysis, denosumab treatment increased tumor infiltrating lym
phocytes (TILs), in particular T cells and CD8 T cells, resembling 
the observations with the preclinical models. Patients were clas
sified into two groups based on their increase in TILs, with those 
presenting ≥10% increase classified as “responders” and the rest 
as “non-responders”. Several baseline parameters were analyzed 
to identify the putative predictors of denosumab’s immunomo
dulatory response. Higher T regulatory cell (Treg) tumor infil
tration, higher serum RANKL levels, and higher tumor RANK 
activation (as measured with the RANK metagene) were 
observed to correlate with the responders’ group.

Overall, the data presented in this manuscript suggest that 
RANK signaling in tumor cells promotes the establishment of 
an immunosuppressive environment. Inhibition of the 
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pathway would lead to an increased infiltration of anti-tumoral 
immune populations (see Figure 1). This is of special relevance 
for breast cancer tumors, which have not shown so much 
benefit from immunotherapy, due to their low immune 
infiltration.10 Denosumab might improve the response to 
immunotherapy in those patients with high serum RANKL, 
Treg tumor infiltration, or tumor RANK pathway activation.

Excitingly, our own group is currently running a clinical trial 
with denosumab (D-BIOMARK, NCT03691311), in a similar set
ting to D-BEYOND, but also including a control arm and post
menopausal patients. With D-BIOMARK, we aim to corroborate 
and expand our knowledge of the immunomodulatory effects of 
denosumab and potential biomarkers of response. Based on the 
results reported in this publication and the future observations on 
D-BIOMARK, new clinical trials for denosumab in combination 
with immune checkpoint inhibitors will be designed to explore 
this new and promising indication for RANKL inhibitors.

The D-BEYOND clinical trial was approved by the Ethics 
Committee of the trial sponsor, the Medical Ethics Committee 
of the Institute Jules Bordet (IJB No.: 2064) and the Melbourne 
Health Human Research Ethics Committee. All patients pro
vided written informed consent prior to study entry.
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Figure 1. The RANK pathway as immune modulator in breast cancer. RANK expression in luminal breast cancer cells leads to the expression of pro-inflammatory 
cytokines/chemokines favoring recruitment of tumor associated-macrophages (TAMs) and neutrophils (TANs), immunosuppressive populations which interfere with 
lymphocyte T cell recruitment and/or activity. Denosumab (anti-RANKL) or RANK signaling inhibition results in increased TILs, lymphocytes and CD8+ T cell infiltration, 
transforming immune “cold” tumors into “hot” ones and attenuating tumor growth. Eventually the exacerbated immune response driven by RANK inhibition will induce 
the expression of immune checkpoints evading immune surveillance and allowing tumor growth. These results support the benefit of combining RANKL and immune 
checkpoint inhibitors in luminal breast cancer.
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