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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 τhe diminishing effi-
ciency of commercial drug research and development. Deno-
sumab, a human monoclonal immunoglobulin antibody 

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..

Key words: cancer immunotherapy, immune checkpoint 
inhibitors, drug repurposing, Denosumab, combinational 
treatment

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].

 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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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 IFNγ [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 

(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]. 
 Αpproved 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 RANKL, denosumab impedes the 
RANKL signaling, acting in a way reminiscent of 
OPG, 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 [16]. 
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 [34-36]. 
 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 [36].
 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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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. 

Denosumab as effective partner of ICPi

 The postulation that the abrogation of the 
RANKL-induced suppression of antitumor immu-
nity via denosumab potentiates the antitumor im-
mune response stimulated by ICPi has prompted 
research on the efficacy of denosumab as partner T
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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 μg intraperitoneal on 
days −1, 0, and 2) and anti-RANKL (IK22-5, 200 μg 
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−/−γc−/− 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 2×104 
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].

 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 IFNγ 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 FcγRIV 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 CD8α+ 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-γ, while the 
suppression of subcutaneous tumor growth was 
dependent on T cells and IFN-γ [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 Th1-type cytokine
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polyfunctionality, mirrored in increased co-expres-
sion of IFNγ and TNFα. 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=66) 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 (NCT03161756) 
[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];
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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], 

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. 

Conflict of interests

 The authors declare no conflict of interests.

References

1. Couzin-Frankel J. Breakthrough of the year 2013. Can-
cer immunotherapy. Science 2013;342:1432-3. 

2. Pardoll DM. The blockade of immune checkpoints in 
cancer immunotherapy. Nat Rev Cancer 2012;12:252-
64. 

3. Seidel JA], Otsuka A, Kabashima K. Anti-PD-1 and Anti-
CTLA-4 Therapies in Cancer: Mechanisms of Action, 
Efficacy, and Limitations. Front Oncol 2018;8:86. 

4. Thorsson V, Gibbs DL, Brown SD et al. The Immune 
Landscape of Cancer. Immunity 2018;48:812-30.



Combining immune checkpoint inhibitors with denosumab12

JBUON 2020; 25(1): 12

5. Syn NL, Teng MWL, Mok TSK, Soo RA. De-novo and 
acquired resistance to immune checkpoint targeting. 
Lancet Oncol 2017;18:e731-41. 

6. Anagnostou V, Smith KN, Forde PM et al. Evolution 
of Neoantigen Landscape during Immune Checkpoint 
Blockade in Non-Small Cell Lung Cancer. Cancer Dis-
cov 2017;7:264-76.

7. Park R, Winnicki M, Liu E, Chu WM. Immune check-
points and cancer in the immunogenomics era. Brief 
Funct Genomics 2019;18:133-9.

8. Zhu J, Powis de Tenbossche CG, Cané S et al. Resist-
ance to cancer immunotherapy mediated by apopto-
sis of tumor-infiltrating lymphocytes. Nat Commun 
2017;8:1404.

9. Liu M, Guo F. Recent updates on cancer immunother-
apy. Precis Clin Med 2018;1:65-74. 

10. Hay M, Thomas DW, Craighead JL, Economides C, 
Rosenthal J. Clinical development success rates for 
investigational drugs. Nat Biotechnol 2014;32:40-51. 

11. Khanna I. Drug discovery in pharmaceutical industry: 
productivity challenges and trends. Drug Discov Today 
2012;17:1088-102.

12. Hughes JP, Rees S, Kalindjian SB, Philpott KL. Principles 
of early drug discovery. Br J Pharmacol 2011;162:1239-
49.

13. https:/www.accessdata.fda.gov/scripts/cder/daf/index.
cfm. Searched for Xgeva. Accessed lastly in April 2019.

14. de Groot AF, Appelman-Dijkstra NM, van der Burg SH, 
Kroep JR. The anti-tumor effect of RANKL inhibition 
in malignant solid tumors - A systematic review.Treat 
Rev 2018;62:18-28. 

15. Martin TJ. Historically significant events in the discov-
ery of RANK/RANKL/OPG. World J Orthop 2013;4:186-
97.

16. Anderson DM, Maraskovsky E, Billingsley WL et al. 
A homologue of the TNF receptor and its ligand en-
hance T-cell growth and dendritic-cell function. Nature 
1997;390:175-9.

17. Kearns AE, Khosla S, Kostenuik PJ. Receptor activator 
of nuclear factor kappaB ligand and osteoprotegerin 
regulation of bone remodeling in health and disease. 
Endocr Rev 2008;29:155-92. 

18. Egerdie B, Saad F, Smith MR et al. Responder Analysis 
of the Effects of Denosumab on Bone Mineral Den-
sity in Men Receiving Androgen Deprivation Thera-
py for Prostate Cancer. Prostate Cancer Prostatic Dis 
2012;15:308-12.

19. Ellis GK, Bone HG, Chlebowski R et al. Randomized trial 
of denosumab in patients receiving adjuvant aromatase 
inhibitors for nonmetastatic breast cancer. J Clin Oncol 
2008;26:4875-82. 

20. Jiang Z, Shao Z, Zhang Q et al. Efficacy and safety of 
denosumab from a phase III, randomized, active-con-
trolled study compared with zoledronic acid in patients 
of Asian ancestry with bone metastases from solid tu-
mors. J Clin Oncol 2017;34:10116. 

21. Stopeck AT, Lipton A, Body JJ et al. Denosumab com-
pared with zoledronic acid for the treatment of bone 
metastases in patients with advanced breast can-
cer: a randomized, double-blind study. J Clin Oncol 
2010;28:5132-9.

22. Smith MR, Saad F, Coleman R et al. Denosumab and 
bone-metastasis-free survival in men with castration-
resistant prostate cancer: results of a phase 3, ran-
domised, placebo-controlled trial. Lancet 2012;379:39-
46.

23. Smith MR, Coleman RE, Klotz L et al. Denosumab 
for the prevention of skeletal complications in meta-
static castration-resistant prostate cancer: comparison 
of skeletal related events and symptomatic skeletal 
events. Ann Oncol 2015;26:368-74.

24. Henry DH, Costa L, Goldwasser F et al. Randomized, 
double-blind study of denosumab versus zoledronic acid 
in the treatment of bone metastases in patients with 
advanced cancer (excluding breast and prostate cancer) 
or multiple myeloma. J Clin Oncol 2011;29:1125-32.

25. Henry D, Vadhan-Raj S, Hirsh V et al. Delaying skeletal 
related events in a randomized phase 3 study of deno-
sumab versus zoledronic acid in patients with advanced 
cancer: an analysis of data from patients with solid 
tumors. Support Care Cancer 2014;22:679-87.

26. Lipton A, Fizazi K, Stopeck AT et al. Superiority of den-
osumab to zoledronic acid for prevention of skeletal-
related events: a combined analysis of 3 pivotal, ran-
domised, phase3 trials. Eur J Cancer 2012;48:3082-92.

27. Fizazi K, Lipton A, Mariette X et al. Randomized phase 
II trial of denosumab in patients with bone metasta-
ses from prostate cancer, breast cancer, or other neo-
plasms after intravenous bisphosphonates. J Clin Oncol 
2009;27:1564-71. 

28. Chawla S, Henshaw R, Seeger L et al. Safety and efficacy 
of denosumab for adults and skeletally mature adoles-
cents with giant cell tumour of bone: interim analysis 
of an open label, parallel-group, phase 2 study. Lancet 
Oncol 2013;14:901-8.

29. Thomas D, Henshaw R, Skubitz K et al. Denosumab in 
patients with giant-cell tumour of bone: an open-label, 
phase 2 study. Lancet Oncol 2010;11:275-80.

30. https://www.xgeva.com/hcp/solid-tumors/pivotal-trial-
safety/Accessed lastly in August 2019

31. Renema N, Navet B, Heymann MF, Lezot F, Heymann 
D. RANK–RANKL signalling incancer. Biosci Rep 
2016;36:pii:e00366. 

32. Gonzalez-Suarez E, Jacob AP, Jones J et al. RANK li-
gand mediates progestin-induced mammary epithelial 
proliferation and carcinogenesis. Nature 2010;468:103-     
7.

33. Schramek D, Leibbrandt A, Sigl V et al. Osteoclast 
differentiation factor RANKL controls develop-
ment of progestin-driven mammary cancer. Nature 
2010;468:98-102.

34. Daniel AR, Hagan CR, Lange CA. Progesterone recep-
tor action: defining a role in breast cancer. Expert Rev 
Endocrinol Metab 2011;6:359-69.

35. Tanos T, Sflomos G, Echeverria PC et al. Progesterone/
RANKL is a major regulatory axis in the human breast. 
Sci Transl Med 2013;5:182ra55. 

36. Nolan E, Lindeman GJ, Visvader JE. Out-RANKing 
BRCA1 in Mutation Carrier. Cancer Res 2017;77:595-
600. 

37. Casimiro S, Mohammad KS, Pires R et al. RANKL/
RANK/MMP-1 molecular triad contributes to the meta-



Combining immune checkpoint inhibitors with denosumab 13

JBUON 2020; 25(1): 13

static phenotype of breast and prostate cancer cells in 
vitro. PLoS One 2013;8:e63153. 

38. Luo JL, Tan W, Ricono JM et al. Nuclear cytokine-acti-
vated IKKalpha controls prostate cancer metastasis by 
repressing Maspin. Nature 2007;446:690-4. 

39. Odero-Marah VA, Wang R, Chu G et al. Receptor acti-
vator of NF-kappaB Ligand (RANKL) expression is as-
sociated with epithelial to mesenchymal transition in 
human prostate cancer cells. Cell Res 2008;18:858-70. 

40. Chen LM, Kuo CH, Lai TY et al. RANKL increases mi-
gration of human lung cancer cells through intercellu-
lar adhesion molecule-1 up-regulation. J Cell Biochem 
2011;112:933-41. 

41. Jones DH, Nakashima T, Sanchez OH et al. Regula-
tion of cancer cell migration and bone metastasis by 
RANKL. Nature 2006;440:692-6. 

42. Luo J, Yang Z, Ma Y et al. LGR4 is a receptor for RANKL 
and negatively regulates osteoclast differentiation and 
bone resorption. Nat Med 2016;22:539-46. 

43. Cheng ML, Fong L. Effects of RANKL-Targeted Therapy 
in Immunity and Cancer. Front Oncol 2014;3:329. 

44. Ahern E, Smyth MJ, Dougall WC, Teng MWL. Roles of 
the RANKL-RANK axis in antitumour immunity - im-
plications for therapy. Nat Rev Clin Oncol 2018;15:676-
93. 

45. Zhuang J et al. Osteoclasts in multiple myeloma are 
derived from Gr-1+CD11b+ myeloid-derived suppres-
sor cells. PLoS One 2012;7:e48871.

46. Li H, Lu Y, Qian J et al. Human osteoclasts are induc-
ible immunosuppressive cells in response to T cell-
derived IFN-γ and CD40 ligand in vitro. J Bone Miner 
Res 2014;29:2666-75. 

47. Kambayashi Y, Fujimura T, Furudate S, Asano M, Kaki-
zaki A, Aiba S. The possible interaction between recep-
tor activator of nuclear factor kappa-B ligand expressed 
by extramammary paget cells and its ligand on dermal 
macrophages. J Invest Dermatol 2015;135:2547-50. 

48. Smyth MJ, Yagita H, McArthur GA. Combination anti–
CTLA-4 and anti-RANKL in metastatic melanoma. J 
Clin Oncol 2016;34:e104-6.

49. Bakhru, P, Zhu ML, Wang HH et al. Combination central 
tolerance and peripheral checkpoint blockade unleash-
es antimelanoma immunity. JCI Insight 2017;2:e93265.

50. Liede A, Hernandez RK, Wade SW et al. An observa-
tional study of concomitant immunotherapies and 
denosumab in patients with advanced melanoma or 
lung cancer. Oncoimmunology 2018;7:e1480301. 

51. Ahern E, Harjunpää H, Barkauskas D et al. Co-admin-
istration of RANKL and CTLA4 Antibodies Enhances 
Lymphocyte-Mediated Antitumor Immunity in Mice. 
Clin Cancer Res 2017;23:5789-801. 

52. Ahern E, Harjunpää H, O’Donnell JS et al. RANKL 
blockade improves efficacy of PD1-PD-L1 blockade or 
dual PD1-PD-L1 and CTLA4 blockade in mouse models 
of cancer. Oncoimmunology 2018;7:e1431088. 

53. Bostwick AD, Salama AK, Hanks BA. Rapid complete 
response of metastatic melanoma in a patient undergo-
ing ipilimumab immunotherapy in the setting of active 
ulcerative colitis. J Immunother Cancer 2015;3:19.

54. Afzal MZ, Shirai K. Immune checkpoint inhibitor (an-

ti-CTLA-4, anti-PD-1) therapy alone versus immune 
checkpoint inhibitor (anti-CTLA-4, anti-PD-1) therapy 
in combination with anti-RANKL denosumab in malig-
nant melanoma: a retrospective analysis at a tertiary 
care center. Melanoma Res 2018;28:341-7. 

55. Angela Y, Haferkamp S, Weishaupt C. Combination 
of denosumab and immune checkpoint inhibition: 
experience in 29 patients with metastatic melanoma 
and bone metastases. Cancer Immunol Immunother 
2019;68:1187-94.

56. https://clinicaltrials.gov/ Accessed lastly in August 
2019

57. Scagliotti GV, Hirsh V, Siena S et al. Overall survival 
improvement in patients with lung cancer and bone 
metastases treated with denosumab versus zoledronic 
acid: subgroup analysis from a randomized phase 3 
study. J Thorac Oncol 2012;7:1823-9. 

58. Assi HI, Kamphorst AO, Moukalled NM, Ramalingam 
SS. Immune checkpoint inhibitors in advanced non-
small cell lung cancer. Cancer 2018;124:248-61. 

59. Yuasa T, Yamamoto S, Urakami S, Fukui I, Yonese J. 
Denosumab: a new option in the treatment of bone 
metastases from urological cancers. Onco Targets Ther 
2012;5:221-9. 

60. Gopalakrishnan D, Koshkin VS, Ornstein MC, Papat-
soris A, Grivas P. Immune checkpoint inhibitors in 
urothelial cancer: recent updates and future outlook. 
Ther Clin Risk Manag 2018;14:1019-40. 

61. Wein L, Luen SJ, Savas P, Salgado R, Loi S. Checkpoint 
blockade in the treatment of breast cancer: current sta-
tus and future directions. Br J Cancer 2018;119:4-11.

62. Emmanuel S. Antonarakis, Jeffrey C et al. Pembrolizum-
ab for metastatic castration-resistant prostate cancer 
(mCRPC) previously treated with docetaxel: Updated 
analysis of KEYNOTE-199. J Clin Oncol 2019;37:S216.

63. Passiglia F, Bronte G, Bazan V et al. PD-L1 expression 
as predictive biomarker in patients with NSCLC: A 
pooled analysis. Oncotarget 2016;7:19738-47.

64. Tsoukalas N, Kiakou, Tsapakidis K et al. PD-1 and PD-
L1 as immunotherapy targets and biomarkers in non-
small cell lung cancer. J BUON 2019;24:883-88.

65. Spigel DR, Schrock AB, Fabrizio D et al. Total muta-
tion burden (TMB) in lung cancer (LC) and relationship 
with response to PD-1/PD-L1 targeted therapies. J Clin 
Oncol 2016;34:9017.

66. Le DT, Durham JN, Smith KN et al. Mismatch repair 
deficiency predicts response of solid tumors toPD-1 
block- ade. Science 2017;357:409-13. 

67. Galon J, Costes A, Sanchez-Cabo F et al. Type, den-
sity, and location of immune cells with in human 
colorectal tumors predict clinical outcome. Science 
2006;313:1960-4.

68. Tumeh PC, Harview CL, Yearley JH et al. PD-1blockade 
induces responses by inhibiting adaptive immune re-
sistance. Nature 2014;515:568-71.

69. Woods DM, Ramakrishnan R, Sodré AL et al. PD-1 
block- ade induces phosphorylated STAT3 and results 
in an increase of Tregs with reduced suppressive func-
tion. J Immunol 2017;198:56-7.

70. Eastell R, Rosen CJ, Black DM, Cheung AM, Murad 
MH, Shoback D. Pharmacological Management of Os-



Combining immune checkpoint inhibitors with denosumab14

JBUON 2020; 25(1): 14

teoporosis in Postmenopausal Women: An Endocrine 
Society* Clinical Practice Guideline. J Clin Endocrinol 
Metab 2019;104:1595-622. 

71. Weichhaus M, Chung ST, Connelly L. Osteoprotegerin 
in breast cancer: beyond bone remodeling. Mol Cancer 
2015;14:117. 

72. Constantinidou A, Alifieris C, Trafalis DT. Targeting 
Programmed Cell Death-1 (PD-1) and Ligand (PD-L1): 
A new era in cancer active immunotherapy. Pharmacol 
Ther 2019;194:84-106. 

73. Timotheadou E, Kalogeras KT, Koliou GA et al. Evalua-
tion of the Prognostic Value of RANK, OPG, and RANKL 
mRNA Expression in Early Breast Cancer Patients 
Treated with Anthracycline-Based Adjuvant Chemo-
therapy. Transl Oncol 2017;10:589-98.

74. Owen S, Ye L, Sanders AJ, Mason MD, Jiang WG. Ex-
pression profile of receptor activator of nuclear-κB 
(RANK), RANK ligand (RANKL) and osteoprotegerin 
(OPG) in breast cancer. Anticancer Res 2013;33:199-
206.

75. Bhatia P, Sanders MM, Hansen MF. Expression of re-
ceptor activator of nuclear factor-kappaB is inversely 
correlated with metastatic phenotype in breast carci-
noma. Clin Cancer Res 2005; 11:162-5.

76. Chen Z, Yang Y, Guo W et al. Therapeutic benefits of 
neoadjuvant and post-operative denosumab on sacral 
giant cell tumor: a retrospective cohort study of 30 
cases. J BUON 2018;23:453-59.

77. Fragkoulis C, Gkialas I, Papadopoulos G, Ntoumas K. 
Current therapeutic options targeting bone metasta-
sis in metastatic castration resistant prostate cancer. J 
BUON 2016;21:787-91.

78. Park HS, Lee A, Chae BJ, Bae JS, Song BJ, Jung SS. Ex-
pression of receptor activator of nuclear factor kappa-B 
as a poor prognostic marker in breast cancer. J Surg 
Oncol 2014;110:807-12.

79. Gartrell BA, Coleman RE, Fizazi K et al. Toxicities fol-
lowing treatment with bisphosphonates and recep-

tor activator of nuclear factor-κB ligand inhibitors 
in patients with advanced prostate cancer. Eur Urol 
2014;65:278-86. 

80. Miller RE, Branstetter D, Armstrong A et al. Receptor 
activator of NF-kappa B ligand inhibition suppresses 
bone resorption and hypercalcemia but does not affect 
host immune responses to influenza infection. J Im-
munol 2007;179:266-74.

81. Stolina M, Schett G, Dwyer D et al. RANKL inhibition 
by osteoprotegerin prevents bone loss without affect-
ing local or systemic inflammation parameters in two 
rat arthritis models: comparison with anti-TNFα or 
anti-IL-1 therapies. Arthritis Res Ther 2009;11:R187. 

82. Ferrari-Lacraz S, Ferrari S. Do RANKL inhibitors (deno-
sumab) affect inflammation and immunity? Osteoporos 
Int 2011;22:435-46. 

83. Tovazzi V, Dalla Volta A, Pedersini R, Amoroso V, 
Berruti A. Excess of second tumors in denosumab-
treated patients: a metabolic hypothesis. Future Oncol 
2019;15:2319-21. 

84. Cummings SR, San Martin J, McClung MR et al. FREE-
DOM Trial. Denosumab for prevention of fractures in 
postmenopausal women with osteoporosis. N Engl J 
Med 2009;361:756-65. 

85. Raje N, Terpos E, Willenbacher W et al. Denosumab 
versus zoledronic acid in bone disease treatment of 
newly diagnosed multiple myeloma: an international, 
double-blind, double-dummy, randomised, controlled, 
Phase III study. Lancet Oncol 2018;19:370-81.

86. Ji HH, Tang XW, Dong Z, Song L, Jia YT. Adverse Event 
Profiles of Anti-CTLA-4 and Anti-PD-1 Monoclonal An-
tibodies Alone or in Combination: Analysis of Sponta-
neous Reports Submitted to FAERS. Clin Drug Investig 
2019;39:319-30.

87. Khoja L, Day D, Wei-Wu Chen T, Siu LL, Hansen AR. 
Tumour-and class-specific patterns of immune-related 
adverse events of immune checkpoint inhibitors: a sys-
tematic review. Ann Oncol 2017;28:2377-85.


