JBUON 2020; 25(1): 1-14

ISSN: 1107-0625, online ISSN: 2241-6293 - www.jbuon.com

Email: editorial_office@jbuon.com

REVIEW ARTICLE

Combining immune checkpoint inhibitors with denosumab:
a new era in repurposing denosumab in oncology?
Maria V. Deligiorgi!, Mihalis I. Panayiotidis? Dimitrios T. Trafalis'

'Department of Pharmacology - Clinical Pharmacology Unit, National and Kapodistrian University of Athens, Faculty of
Medicine, Building 16, 1% Floor, 75 Mikras Asias, 11527-Goudi, Athens, Greece; “Department of Applied Sciences, Group of
Translational Biosciences, Faculty of Health & Life Sciences, Northumbria University, Ellison Building A516, Newcastle Upon

Tyne, NE1 8ST, UK.

Summary

The designation of immune checkpoint inhibitors (ICPi) as
scientific breakthrough of the year 2013 marked a turning
point in cancer therapeutics, unleashing the host immune
system against tumors. ICPi block the cytotoxic T lymphocyte
antigen 4 (CTLA-4), the programmed cell death protein (PD)
1 (PD-1), and the ligand of the latter (PD-L1) -the landmark
immune checkpoints-abrogating the escape of cancer cells
from immunosurveillance. Despite the durable antitumor
response elicited by ICPi in an expanding list of cancer types
and a substantial fraction of patients, the resistance to this
modality - primary and acquired - has inspired research on
combinational regimens to reinvigorate immunosurveillance
in immune-refractory tumors. Besides various combinations
of ICPi with other ICPi, targeted therapies, chemotherapy,
and radiation, emphasis is placed on the identification of
novel partners of ICPi. Scientists capitalize on repurposing
already-approved drugs to overcome the diminishing effi-
ciency of commercial drug research and development. Deno-
sumab, a human monoclonal immunoglobulin antibody

Introduction

Over the current decade, immunotherapy has
signified a “turning point” in cancer therapeutics
[1]. Improved understanding of the ligand-receptor
interface between cancer cells and patient’s im-
mune cells within tumor microenvironment (TME)
has led to harnessing the host immune system, re-
sulting in high response rates, durable responses,
and long-term survival in an expanding repertoire
of cancer types [2].

inhibiting the receptor activator of nuclear factor kappa-B
ligand (RANKL), is excellent candidate for repurposing in
oncology, given its anticancer potential and accepted safety
profile. Originally approved as anti-osteoporotic agent in-
hibiting the osteoclast-driven bone resorption, denosumab
has demonstrated multifaceted anticancer efficacy, beyond
abolishing the osteoclast-dependent RANKL signaling. The
present review provides a comprehensive overview of the pre-
clinical and clinical evidence indicating denosumab as effec-
tive partner of ICPi, emphasizing the mechanisms underly-
ing the enhanced anticancer efficacy of this combination as
compared to monotherapies. Current challenges and future
perspectives in incorporating the combination of ICPi with
denosumab in clinical practice are discussed..
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Cancer cells co-opte the immune checkpoints
- inhibitory immune regulators assigned to ensure
immune tolerance - in order to evade immune sur-
veillance. In the context of active immunotherapy,
administration of immune checkpoint inhibitors
(ICPi) -monoclonal antibodies (mAbs) blocking
the immune checkpoints - modulate the balance
between stimulation and inhibition of immunity,
restoring the antitumor immune response [2]. The
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2 Combining immune checkpoint inhibitors with denosumab

cytotoxic T lymphocyte antigen 4 (CTLA-4), the
programmed cell death protein (PD) 1 (PD-1), and
the ligand of the latter (PD-L1), constitute landmark
immune checkpoints, the blockade of which has
already established a leading role in oncology [3].

With the advent of era of immunogenomics,
integration of the genomic landscape of human
malignancy with novel insights into tumor-im-
mune interactions has enabled unraveling the im-
mune landscape of cancer, providing fuel for future
targeted studies anticipated to revolutionize the
field. Innovative immunogenomics analyses of over
10,000 tumors revealed six immune subtypes that
encompass multiple cancer types and are hypoth-
esized to determine immune response patterns de-
fining prognosis. The illumination of intracellular
and extracellular networks that govern the tumor-
immune cell interactions has prompted a shift of
immune checkpoint therapy from cancer types to
molecular signatures [4].

Despite the groundbreaking outcomes in some
clinical trials, only a subset of patients initially
respond to ICPi, while a substantial proportion of
initial responders finally relapse with lethal drug-
resistant disease. Several mechanisms, such as the
attenuation of interferon (IFN) receptor signalling
and of antigen presentation, allow cancer cells to
evade the T-cell-mediated immune surveillance [5].
For instance, a marked reduction of somatic mu-
tations in tumors observed after initial response
to checkpoint blockade leads to decreased produc-
tion of nonself immune antigens (neoantigens) [6].
Additional mechanisms of checkpoint resistance
resulting in non-responsiveness to ICPi have been
described, involving: (i) mutation, deletion or loss
of heterozygosity (LOH) of beta-2-microglobulin
(B2M), resulting in failure of assembling major
histocompatibility complex (MHC) or Human Leu-
kocyte Antigen (HLA) class complexes and thus re-
duced neoantigen presentation to T-cell receptor
(TCR) complex [7]; (ii) mutations in Janus kinase
(JAK) 1 gene or JAK2 gene leading to inhibition
of signal transducer and activator of transcription
1 (STAT1), thereby inhibiting the anti-tumor im-
mune signaling of IFNy [5]; (iii) Fas-ligand driven
apoptosis of tumor-infiltrated lymphocytes (TILs)
triggered by polymorphonuclear-myeloid-derived
suppressor cells [8].

Elucidation of the mechanisms endowing can-
cer cells with resistance to ICPi has spurred the
development of strategies to reinvigorate immune
surveillance in immune-refractory tumors. More
than 1,100 clinical trials address combinations
of ICPi with other ICPi, radiation, chemotherapy,
molecularly targeted therapy, metabolic therapy,
co-stimulatory signals on antigen presenting cells
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(APC) (e.g. anti-CD40), adoptive T cell transfer (CAR
T or TCR T), oncolytic viruses, or vaccines that tar-
get neoantigens [9].

Recent advances in oncoimmunology have
revealed many druggable pathways of immuno-
suppression in the TME that could be targeted in
combination with ICPi.

However, scientists decry the decline in com-
mercial drug research and development in current
decade [10], capitalizing on drug repurposing -i.e.
identification of new indications in already-ap-
proved drugs - to overcome the low productivity
of drug industry [11,12].

Approved in 2010 by FDA as anti-osteoporotic
agent [13], denosumab is perceived as excellent
candidate for drug repurposing in oncology on ac-
count of its presumed anticancer efficacy and fa-
vorable safety profile [14]. Denosumab is a fully
human monoclonal immunoglobulin G2 (IgG2) an-
tibody with high affinity and specificity for receptor
activator of nuclear factor kappa-B ligand (RANKL).
Binding to RANKIL, denosumab impedes the
RANKL signaling, acting in a way reminiscent of
OPQG, the decoy receptor for RANKL. The rationale
of the anticancer effect of denosumab is the abroga-
tion of the tumor-promoting role of RANKL [14].

The present review provides a comprehensive
overview of denosumab as an effective partner of
ICPi in cancer therapeutics, highlighting current
evidence and emerging challenges.

The role of RANKL in cancer as the ra-
tionale for repurposing denosumab in
oncology

RANKL is a 316 amino acids (aa) member of
TNF family, encoded by TNFSF11 gene, produced
primarily by osteoblasts. It was identified in 1997
as a ligand of osteoprotegerin (OPG), a member of
tumor necrosis factor (TNF) receptor superfamily
produced mainly by cells of osteoblast lineage [15].
RANKL owes its discovery to its ability to interact
with its main cognate receptor RANK in order to
stimulate the differentiation of osteoclasts in the
presence of macrophage colony stimulating factor
(M-CSF) and orchestrate the osteoclasts-mediated
bone resorption.

Interestingly, RANKL had been discovered in
the setting of immune biology, prior to its identifi-
cation as OPG ligand. Expressed on T cells, RANKL
is responsible for the survival of RANK-expressing
dendritic cells (DCs), enhancing also the ability
thereof to trigger naive T-cell proliferation [10].
Moreover, RANKL is expressed in a plethora of
organs, principally in lymph nodes, thymus, lung,
and mammary glands, Peyer’s patches, intestine,
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brain, heart, skin, skeletal muscle, kidney, liver,
exerting a pleiotropic effect. Beyond osteoblasts,
diverse cells express RANKL, such as bone marrow
stromal cells, activated T cells, B cells, fibroblasts,
endothelial cells, chondrocytes, and mammary epi-
thelial cells [17]. In fact, RANKL is considered as
a key orchestrator of the interplay between bone
biology and oncoimmunology, which rationalizes
pursuing denosumab in cancer therapeutics.

Denosumab targets the bone-dependent role of RANKL

The RANKL induced osteoclasts driven bone re-
sorption justifies the establishment of denosumab
in the treatment of osteoporosis in postmenopausal
women and patients with glucocorticoid-induced
osteoporosis at a dose of 60 mg every 6 months,
subcutaneously [13]. It also paved the way for the
incorporation of denosumab in the treatment of
bone loss in breast cancer patients receiving aro-
matase inhibitors and prostate cancer patients re-
ceiving androgen deprivation therapy [18,19].

Moreover, RANKL has been shown to or-
chestrate the “vicious cycle” of tumor-bone inter-
actions, a process central in bone metastases of
solid tumors, primary bone tumors, and multiple
myeloma (MM), expanding the indications for ad-
ministration of denosumab in bone oncology.

Hallmark clinical trials establishing the bone-
modifying effect of denosumab in cancer are de-
picted in Table 1 [18-29]. This effect culminates in
the FDA approval of denosumab for: (i) prevention
of skeletal-related events (SREs) -bone pain, hy-
percalcemia, pathologic fractures, and neurologic
complications- in patients with bone metastases
from solid tumors at a dose of 120 mg every 4
weeks (November 2010); (ii) increase of bone mass
and counteraction of the high risk of fracture in
patients with non metastatic prostate cancer under
androgen deprivation therapy and in patients with
breast cancer receiving adjuvant aromatase inhibi-
tors at a dose of 60 mg every 6 months (September
2011); (iii) treatment of giant cell tumors that are
not amenable to surgery or in the case that the
surgery may lead to severe morbidity at a dose of
120 mg every 4 weeks (June 2013); (iv) treatment
of hypercalcemia of malignancy resistant to bis-
phosphonate at a dose of 120 mg every four weeks
adding 120 mg on days 8 and 15 of the first month
of treatment (December 2014); (v) prevention of
SREs in MM at a dose of 120 mg every 4 weeks
(January 2018) [30].

Denosumab targets the bone-independent role of
RANKL in cancer

Numerous studies sustain the multifaceted
role of RANKL in cancer, rationalizing the versatile

anticancer effect of denosumab extending beyond
a bone-modifying role [31].

In mouse models of mammary tumorigenesis,
RANKL/RANK signaling can give rise to pre-neo-
plasia and tumors [32] and mediate the progestin
medroxyprogesterone acetate (MPA) driven breast
cancer, being induced by MPA [33]. Building on
these findings, studies in mice and humans showed
that RANKL expression is induced by progesterone
and acts as a downstream effector of progesterone
signaling in breast [34-30].

Progesterone has been shown to increase the
RNA stability of RANKL, which in turn was indis-
pensable for progesterone-induced proliferation.
Indeed, RANKL induced by progesterone is con-
sidered a signal emitted by luminal cells to basal
cells which respond by upregulating RANK, tran-
scriptional targets and cell cycle molecules [35].
In human BRCA 1 mutation carriers, RANKL ex-
pressed on mature luminal cells induced by high
circulating levels of progesterone has been shown
to interact with RANK expressed on progesterone-
responsive RANK expressing luminal progenitor
cells, driving the malignant transformation of the
latter [30].

RANKL exerts a tumor-promoting - protum-
origenic and prometastatic- role in a wide array
of malignancies beyond breast cancer, including
prostate, colorectal, lung, bladder and gastric can-
cer [31]. Downstream of RANKL/RANK interaction
are activating numerous signaling pathways impli-
cated in epithelial mesenchymal transition (EMT),
neo-angiogenesis, cancer cell migration, and in-
vasion [37-40]. Furthermore, RANKL expressed in
the metastatic foci acts either as a chemoattractant
or as a “soil” factor facilitating the migration of
cancer cells [41]. Recent data implicate the leucine
rich repeat containing G protein-coupled receptor 4
(LGR4) - a RANKL receptor originally credited with
anti-osteoclastic activity - in cancer cells prolif-
eration [42]. Consequently, denosumab can directly
attenuate the RANKL-induced tumor growth and
metastases.

The dual role of RANKL in immunity complicates the
immunomodulatory efffect of denosumab

Accumulating evidence indicates the pivotal
role of RANKL/RANK interplay in immunity. Ex-
pressed on activated CD4* and CD8* T cells and
natural killers (NK) cells, RANKL stimulates vari-
ous processes-landmark of immunity, mediated
through monocytes, macrophages and DCs, includ-
ing DCs survival and maturation, T-cell activation,
and NK cell inhibition [43].

The RANKL/RANK interplay may inhibit im-
munity via: (i) promotion of development of med-
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0.13) [26]

Disease progression and overall survival were similar between the treatments. Hypocalcaemia was more

64% of patients on DmAb and 37% of patients on IV BP arm maintained uNTx lower than 50 at week 25
Incidence of SREs: 8% and 17% in the DmAb group and IV BP group, respectively.

common for DmAb. Similar rate of osteonecrosis of the jaw (P
Similar rates of adverse events between treatment groups [27].

Results (Ref)
A combined analysis of 3 pivotal, randomised, double-blind, active- Superiority of DmAb over ZA in delaying time to first on-study SRE by a median 8.21 months, reducing the

controlled, phase 3 trials, comprising patients with breast cancer, prostate risk of a first SRE by 17% (HR, 0.83 [95% confidence interval (CI): 0.76-0.90]; P<0.001).

cancer, other solid tumors or MM
Subjects With Advanced Cancer Currently Being Treated With Intravenous the primary end point of uNTx levels lower than 50 nmol/L BCE/mM creatinine (uNTx<50) at week 13

Bisphosphonates

A Randomized, Open Label, Active Controlled Study of AMG 162 in 71% of patients on DmAb compared with 29% patients in the IV BP arm (P<0.001) achieved
(NCT00104650)

Title of study (ClinicalTrials.gov Identifier)
(NCT00321464, NCT00321620, NCT00330759)

ullary thymic epithelial cells (mTECs), crucial
players of T-cell self-tolerance; (ii) enhancement
of tolerance in Peyer’s Patch; (iii) generation of
regulatory T cells (Tregs); and (iv) promotion of
T-cell tolerance and deletion [43].

The RANKL/RANK interaction is critically im-
plicated in host immune response to cancer, en-
countered in both tumor microenvironment (TME)
and lymph nodes. Among TILs, RANK is expressed
on myeloid cells, whereas RANKL is expressed on
T cells in both TME and locoregional lymph nodes.
In a mouse model of cancer, RANKL was mainly
expressed by activated T cells with proliferating
phenotype, expressing programmed cell death pro-
tein 1 (PD-1) and Ki67 as well. Both the RANKL
and the RANK are also expressed on stromal cells
in lymph nodes and on cancer cells.

In TME, interaction of RANKL with RANK
expressed on DCs, tumor-associated macrophag-
es (TAMs) and myeloid-derived suppressor cells
(MDSCs) leads to diverse clinical outcomes [44].
The RANKL signaling may contribute to immuno-
suppression through decreased expression of co-
stimulatory molecules on RANK-expressing DCs
or macrophages, increased production of T helper
2 (TH2) cell-type cytokines, or promotion of regula-
tory T (Tregs) cell generation. For instance, tumor-
infiltrating CD4*CD25'FoxP3* Tregs expressing
RANKL have been correlated with breast cancer
aggressiveness [43]. Secondly, the interaction of
RANKL abundant in tumor/bone microenviron-
ment with RANK expressed on MDSC converts the
latter into osteoclasts [45] exerting an immuno-
suppressive and/or tolerogenic role [46]. Thirdly,
the RANK-expressing TAMs show a transition to
a tumor-promoting M2 polarization [47].

On the other hand, RANKL may enhance the
immune response through control of T- and B-lym-
phocyte development, promotion of lymph-node
organogenesis, increased DCs survival, cytokine
expression, and stimulation of T-cell responses
[43]. In the TME, RANKL may promote antitumor
immunity [44].

The factors that shift the immune response
towards attenuation or enhancement of antitumor
immunity remain largely unknown, but they ap-
pear to be context-dependent, perplexing the im-
munomodulatory effect of denosumab.

74% of analysable patients with salvageable GCTB whose surgery was associated with severe morbidity had
no surgery and 62% of patients who had surgery underwent a less morbid procedure than scheduled [28].

densely woven new bone following treatment with DmAb [29].

follow-up of 13 months
An Open-Label, Multi-Center, Phase 2 Safety and Efficacy Study of Significant reduction or elimination of RANK-positive tumor giant cells, reduction of the relative content of

An Open-label, Multi-center, Phase 2 Study of Denosumab in Subjects With 96% of analysable patients with surgically unsalvageable GCTB had no disease progression after median
Denosumab (AMG 162) in Subjects With Recurrent or Unresectable Giant proliferative, densely cellular tumor stromal cells, and replacement thereof by non proliferative, differentiated,
BCE: bone collagen equivalents; BMD: bone mineral density; BMFS: bone-metastasis-free survival; BP(s): bisphosphonate(s); DmAb: Denosumab; GCTB: Giant cell tumour of bone; HR: hazard ratio; IV: intrave-
nous; OS: overall survival; RANK: Receptor Activator of Nuclear Factor kB: Ref: reference; SSEs: symptomatic skeletal events; SRE(s): skeletal-related event(s); uNTx: urine N-terminal telopeptide; vs: versus;

[} ()
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of ICPi. Indeed, numerous preclinical and clinical
studies sustain that the combination of RANKL
blockade with ICPi reinforces the anticancer effi-
cacy of either ICPi or denosumab as monotherapy.
Mechanistic insights into the synergistic antican-
cer effect of this combination are provided by semi-
nal animal models and are currently under evalua-
tion in the clinical setting.

Lessons from preclinical studies

Convincing data from mouse models of can-
cer indicate the combination of RANKL inhibition
with immune checkpoint inhibition as more effi-
cient strategy for abrogating cancer progression
compared to either inhibition alone.

Working on the B16F10 melanoma preclini-
cal model of experimental metastases, Smyth et al
showed that the modest antimetastatic activities of
anti-CTLA-4 (UC10-4F10, 100 pg intraperitoneal on
days -1, 0, and 2) and anti-RANKL (IK22-5, 200 pg
on days -1, 0, and 2) mAbs as monotherapy were
significantly reinforced following combination of
these two mAbs at the time of intravenous mela-
noma inoculation [48].

Considering the ineffectiveness of treatment
in RAG2-/-yc—/- mice lacking all lymphocytes, the
combination effect of anti-CTLA-4 and anti-RANKL
mAbs was suggested to be lymphocytes-dependent.
Moreover, a synergistic effect of NK cells and T
cells controlled by Tregs suppressor mechanisms
was demonstrated to orchestrate the antitumor
activity of anti-CTLA-4 and anti-RANKL mAbs.
Further exploration merits the hypothesis that the
inhibition of intratumor Tregs by anti-CTLA-4 and
anti-RANKL mAbs releases the T effector cells ac-
tivation [48].

In C57BL/6 polyclonal mice vaccinated with
B16-GM-CSF (GVAX), the combination of anti-
RANKL mAbs and anti-CTLA-4 mAbs was dem-
onstrated to exert a synergistic effect to improve
host survival in response to challenge with 2x104
B16 melanoma cells compared to iso control/anti-
CTLA-4 mAb/GVAX therapy or anti-RANKL mAb/
GVAX. Vaccination with B16-GM-CSF (GVAX) po-
tentiates an anti-B16 melanoma immune response
via stimulation of innate immune cells and rein-
forcement of tumor antigen presentation to T cells.
Moreover, a significant increase of Ki67*CD4* T
cells and KLRG1" and granzyme B* CD4" T cells
was observed in the anti-RANKL/anti-CTLA-4/
GVAX-treated mice compared with the control
groups. This finding points to a synergistic effect
of anti-RANKL and anti-CTLA-4 mAbs to increase
the tumor-infiltrating CD4* T cells expressing cy-
tolytic markers [49].

JBUON 2020; 25(1): 6

Increased efficacy of the combination of anti-
RANKL with anti-PD-1 mAbs compared to either
monotherapy or control immunoglobulin has been
demonstrated in the mouse 3LL lung adenocarci-
noma model. This effect was observed following
either simultaneous administration or sequential
administration. In fact, administration of anti-PD-1
mAb prior to anti-RANKL mAb resulted in a signifi-
cantly more pronounced decrease in tumor volume
compared with administration of anti-RANKL mAb
prior to anti-PD-1 mAb (p<0.01) [50].

In mice bearing experimental B16F10 mela-
noma lung metastases, the combination of ham-
ster anti-CTLA-4 (UC10-4F10) with rat anti-RANKL
(IK22-5) mAbs led to increased resistance to me-
tastases compared with treatment with either anti-
body alone or control immunoglobulin. This result
was dependent on the presence of NK cells but not
CD8* T cells, implicating [FNy as well. Likewise,
this combination showed efficacy in controlling
prostate carcinoma RM-1 experimental lung me-
tastases, mediated by NK cells [51].

The optimal synergistic effect of the combina-
tion of anti-RANKL with anti-CTLA-4 mAbs con-
cerns the IgG2a isotype of anti-CTLA-4, which is
known to selectively deplete intratumoral Tregs
involving upregulation of FcyRIV expression on
CD11b* TILs.

The antitumor efficacy of anti-RANKL and anti-
CTLA-4 (IgG2a) combination therapy in the tumor
models of this study was ascribed to selective CD8*
T cell recruitment and increase in CD45.2* TILs, but
not to a more efficient Tregs depletion. Fundamen-
tal element of this effect was the role of the cross-
presenting CD8a* conventional DCs. Moreover, the
combination resulted in increased T-cell effector
function (cytokine polyfunctionality), which was
TME-specific [51].

In 2018, Ahem et al demonstrated that RANKL
blockade enhanced the anti-metastatic activity of
PD1/PD-L1 blockade and ameliorated the subcu-
taneous growth suppression compared to mono-
therapy alone in mouse models of melanoma, pros-
tate cancer, and colon cancer. This anti-metastatic
activity relied on NK cells and IFN-y, while the
suppression of subcutaneous tumor growth was
dependent on T cells and IFN-y [52].

In the same study, in tumor-bearing mice,
triple blockade of PD1, CTLA-4 and RANKL com-
pared to dual anti-PD1 and anti-CTLA-4 combina-
tion therapy resulted in: (i) increased proportion
of tumor-infiltrating CD4* and CD8* T cells; (ii)
increased -though not significant- proliferative
status of CD8* TILs as measured by Ki67 staining;
and (iii) improved T cell effector function, leading
to significant increase of the Thl-type cytokine
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Combining immune checkpoint inhibitors with denosumab 9

polyfunctionality, mirrored in increased co-expres-
sion of IFNy and TNFa. The ability of the triple
combination to elicit superior anti-tumor respons-
es compared to dual treatment was independent
of the anti-CTLA-4 isotype driven engagement of
FcR [52].

Moreover, this study revealed the optimal se-
quencing of antibodies, which is the administration
of ICPi prior to or concurrently with anti-RANKL
mAbs due to the ability of the former to enhance
the RANKL expression on CD8* T and CD4* T cell
TILs, priming TME to respond to RANKL blockade
[52].

Lessons from clinical studies

In 2016, a seminal case report described the
remission of aggressive metastatic melanoma
with symptomatic bone metastases 62 weeks after
initiation of simultaneous administration of ipili-
mumab (anti-CTLA-4 mAb) with denosumab [48].

Interestingly, one year earlier, a complete re-
sponse to therapy had been reported in a patient
with metastatic melanoma who received denosum-
ab before and concomitantly with re-initiation of
ipilimumab that was initially held due to steroid-
refractory colitis [53].

In 2017, an observational study using the Flati-
ron Health’s EHR database from approximately 255
US cancer clinics enrolled advanced melanoma or
non-small-cell lung carcinoma (NSCLC) patients
who received denosumab within 30 days of admin-
istration of anti-CTLA-4 mAbs (ipilimumab) or an-
ti-PD-1 mAbs (pembrolizumab, nivolumab) and had
a minimum of 6 months of follow up. Real-world
tumor response (rwTR) was evaluated based on
scans available up to 30 days after administration
of combined treatment. The mean duration of treat-
ment with combination of denosumab with ICPi
was 4.0 months for melanoma (n=606) patients and
3.1 months for NSCLC patients (n=241). The rwTR
was evaluated for two-thirds of patients, assess-
ing complete response (CR), partial response (PR),
stable disease (SD), or disease progression (PD).
Significant association of longer mean duration of
simultaneous administration with overall response
rate (ORR; CR+PR) in melanoma (p=0.0172), NSCLC
(p<0.0001), and combined cohorts (p<0.0001) was
observed. The disease control rate (ORR plus SD)
was 56% and 58% for melanoma and NSCLC pa-
tients, respectively.

In a retrospective evaluation of malignant mel-
anoma patients, combination of denosumab with
ICPi improved median overall survival (OS) and
median progression-free survival (PFS) compared
with ICPi monotherapy [54].

Likewise, recently, combination of denosum-
ab with ICPi demonstrated a promising efficacy in
metastatic melanoma patients. Within a median
follow-up of 19.8 months, the objective response
rate was 54% in patients receiving triple combina-
tion of nivolumab with ipilimumab and denosumab
and 50% in patients receiving combination of anti-
PD-1 mAb with denosumab with no unexpected
treatment-related adverse events [55].

Challenges and future perspectives

First and foremost, to embrace the combination
of ICPi with denosumab, it is imperative to endorse
the efficacy of repurposing denosumab in oncology.
To this end, the results of relevant ongoing clinical
trials -recruiting (Table 2) and not yet recruiting
(Table 3) patients- are awaited [56].

The combination of ICPi with denosumab is a
great exemplification of precision medicine, high-
lighting the necessity to identify the cancer types
and the cancer patients anticipated to show the op-
timal response to this strategy.

To date, most data sustaining the clinical ef-
ficacy of combination of denosumab and ICPi com-
pared with either agent as monotherapy are derived
from studies on melanoma -the archetype of im-
munogenic tumors. In fact, the combination of ICPi
with denosumab is currently evaluated in unresect-
able stage III and IV melanoma (NCT031617506)
[56]. Given that both denosumab and ICPi appear
to be effective in malignancies such as NSCLC
[57,58] and urothelial cancers [59,60], ongoing
clinical trials are addressing the combination of
these agents in stage IV NSCLC with bone metas-
tases (NCT03669523) and renal cell carcinoma and
clear cell metastatic kidney cancer (NCT03280667)
[56]. Most importantly, the emerging applicability
of immunotherapy in breast and prostate cancer
[61,62], in the treatment of which denosumab pos-
sesses a leading role, suggests the evaluation of
the combination in these cancers.

The most challenging issue is the establish-
ment of reliable prognostic and predictive biomark-
ers that will enable appropriate patient selection.
So far, the PD-L1 expression is the most widely
applied (and the only FDA-approved one) predictive
biomarker [63,64]. However, the emerging impor-
tance of TME has indicated numerous biomarkers
as surrogate end points of response to immunother-
apy, including (i) tumor mutation burden (TMB)
[65]; (ii)) DNA mismatch repair (MMR) deficiency
assessed by the MMR deficiency induced micros-
atellite instability (MSI-H) [66]; (iii) Immunoscore
(an immune test measuring Tcell infiltration in
formalin-fixed paraffin-embedded (FFPE) [67];

JBUON 2020; 25(1): 9
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(iv) density of CD8*T-cells at the invasive margin
of pre-treatment tumor samples correlating with
anti-PD1 (pembrolizumab) response [68]; (v) Tregs,
which are negative regulatory cells responsible
for peripheral immune suppression [69]. Whether
these biomarkers could serve as biomarkers of the
effectiveness of ICPi combined with denosumab is
yet to be explored.

The suppression of bone turnover markers,
which indicates the anti-osteoclastic activity of
denosumab [70], merits further evaluation as po-
tential biomarker of immunological responses. For
instance, assessment of serum C-terminal telopep-
tide (CTX) levels was incorporated in the setting
of neoadjuvant breast cancer trial D-BEYOND
(NCT01864798), but no analysis thereof in relation
to post-treatment changes in immunological re-
sponses, such as the TILs density, was conducted [9].

Regarding the evaluation of serum RANKL
levels, many issues remain to be resolved before
embracing its applicability as a potential biomark-
er: (i) methodological pitfalls, such as variation in
RANKL assays; (ii) the clarification of whether se-
rum RANKL serves as indicator of the expression of
RANKL in TME; (iii) the timing of RANKL assess-
ment given the dynamic nature of RANKL expres-
sion by lymphocytes. Furthermore, the equilibrium
among OPG/RANKL/TNF related apoptosis induc-
ing ligand (TRAIL) in TME merits consideration
[71].

Considering that more than one ICPi may be
indicated for the same cancer type (e.g. advanced/
metastatic lung cancer) [72], prioritizing ICPi to
be combined with denosumab is a challenge that
should be overcome.

The increasingly reported antitumor aspect
of RANKL signaling [72-77], might be considered
when abolishing the RANKL/RANK interaction
through denosumab.

Moreover, active surveillance for rare but real
toxicities of denosumab, such as osteonecrosis of
the jaw, atypical femoral fractures, hypocalcemia,
and multiple vertebral fractures following discon-
tinuation of denosumab, is needed [78]. Despite the
absence of evidence indicating a compromise of
immune response related with denosumab [79-82],
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the recent warning about the correlation of deno-
sumab with increased secondary malignancies [83]
emerging from four clinical trials necessitates fur-
ther research [84, 85, 21, 22, 24]. In parallel, clini-
cians should be mindful of the manageable but non
negligible toxicity profile of ICPi [72, 86, 87]. Taken
together, further efforts to assess any additive tox-
icity of the combination of ICPi with denosumab
and to evaluate the benefit/risk ratio are needed.

Conclusion

The current decade has witnessed innumerous
landmark events in cancer therapeutics. Among
these, the FDA approval of denosumab in 2010 for
prevention of SREs associated with solid tumors
laid the groundwork for repurposing denosumab
in oncology. Ipilimumab was the first ICPi to be
FDA approved in 2011 for treatment of metastatic
melanoma, paving the way for other milestones,
including designation of cancer immunotherapy
as “breakthrough of the year 2013” by the Science
magazine, the America’s leading scientific journal.
In 2016, the first report of the denosumab-induced
potentiation of ICPi efficacy [48] launched an excit-
ing field of research.

With six ICPi having gained regulatory ap-
proval for cancer treatment and several others be-
ing under investigation, the landscape of cancer
therapy is evolving rapidly. The combination of
ICPi with denosumab has opened up new possibili-
ties in cancer therapeutics ascribed to synergistic
effect of the abrogation of the immunosuppressive
RANK signalling with the ICPi induced reinvigora-
tion of antitumor immunity. The path forward for
the embracement of this combinational strategy in
clinical practice entails the resolution of some out-
standing issues, including: (i) validation of predic-
tive biomarkers; (ii) optimal patient selection; (iii)
assessment of long-term outcomes; (iv) assurance
of acceptable and manageable toxicity profile; and
(v) optimal design of clinical trials.
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