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Introduction

Treatment approach of bone metastatic disease needs 
multidisciplinary approach that use radiotherapy, 
surgery, medical therapy with chemotherapy, im-
munotherapy, targeted treatments, analgesics and bone 
resorption inhibitors. Treatment should also be tai-
lored according to histopathology, comorbidities and 
performancestatus.

Nonsmall cell lung cancer (NSCLC)

NSCLC often metastasizes to bone at the frequency of 
30-65% and causes pain, skeletal-related events (SRE) 
with physical inactivity, and disability which negatively 
impacts cancer outcomes and survival with a median 
of 6 months.[1,2] The mean skeletal morbidity rate 
(annual SREs) among patients with bone metastatic 
disease (BMD) from lung cancer and other solid tu-
mors is 2.71.[1] BMD disturbs the balance between 
osteoblastic bone formation and osteoclastic bone re-
sorption, finally resulting in a loss of the normal struc-
tural integrity of the skeleton. BMD for lung cancer 
is grouped into three categories: osteoblastic (30%), 
osteoclastic (40%), and mixed metastases (10%).[3] 
Solitary lesions and oligo-metastases can be treated 
using curative intent, as mentioned before. Treatment 
options for diffuse involvement are opiate analgesics, 
bone resorption inhibitors (BRI), local radiotherapy, 
and radionuclide therapy.[2]

Recent reports showed a reduction in SREs and 
bone pain with the use of bisphosphonates and an-
ti-receptor activator of nuclear factor kappa-Β ligand 
(RANKL) monoclonal antibody (denosumab) for 

BMD of lung cancer.[1,3,4] Meta-analysis of 12 trials 
reported a 19% reduction in SRE risk (relative risk 0.81, 
95% confidence interval [CI] 0.67-0.97), delay in time 
to first SRE (mean differences [MD] 163 days; 95% CI 
45.2-278.8), and 72-day survival improvement trend 
(95% CI 8.9-152.9, p=0.08) using bisphosphonates. 
Bisphosphonate combined with radiation showed the 
best pain control while monotherapy was not supe-
rior to chemotherapy, radiation therapy, or radioiso-
tope therapy on behalf of pain control in lung cancer 
BMD.[3] Denosumab was non-inferior to zoledronic 
acid (ZA) in delaying time to first SRE[4]; however, 
was superior in improvement of overall survival (1.5 
months) compared with ZA (median overall survival 
[mOS] 9.5 months vs. 8.0 months; hazard ratio =0.78; 
95% CI=0.65-0.94; p=0.01).[5] It is recommended to 
start bisphosphonates or denosumab as soon as bone 
metastases are diagnosed to delay the first SRE and re-
duce skeletal morbidity from BMD.[1-5]

Conventional cytotoxic chemotherapy, antiangio-
genic agents, or immune checkpoint inhibitors (ICI) 
have not shown a significant advantage in bone hom-
ing or inhibiting the behavior of bone metastasis in 
lung cancer.[2,6,7] CheckMate 057 and CheckMate 
227 also supported lower sensitivity to immunotherapy 
and poor prognosis in bone metastatic non-small cell 
lung cancer (NSCLC).[8,9]

RANK/RANKL interplays between the bone and 
immune system, making osteoclasts’ function as anti-
gen-presenting cells; therefore, they assist in osteoim-
mune regulation by activating CD4+ and CD8+ T cells. 
This system also induces chemoresistance through the 
activation of multiple signal transduction pathways. 
Hereby, with the addition of a RANKL-mAb to chemo-
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differentiated thyroid cancers (DTC) and bone metas-
tases. The Memorial Sloan-Kettering Cancer Center 
reported SRE rate was high (78%) for BMD of DTC.
[18]Targeted therapies for RAI-refractory DTC have 
improved skeletal outcomes with sorafenib, sunitinib, 
and lenvatinib.[19,20]

The bone is the most common metastatic site in 
renal cell carcinoma (RCC) and SRE rate increases 
correlated with the increasing treatment line.[21] In-
ternational Metastatic Renal Cell Carcinoma Database 
Consortium reported a retrospective analysis of more 
than 2000 patients with decreased OS and time to treat-
ment failure (Median time to treatment failure of 5.7 
vs. 7.6 months; p<0.0001) with BMD when compared 
to patients without bone involvement (mOS of 14.9 
vs. 25.1 months; p<0.0001).[22] TKIs have improved 
the skeletal outcomes of BMD by the inhibition of c-
mesenchymal epithelial transition (MET) and vascular 
endothelial growth factor receptors (VEGFR) in os-
teoblasts which reduces the expression of RANKL and 
monocyte colony-stimulating factor (M-CSF) and is as-
sociated with decreased tumor-induced osteolysis.[23]

Retrospective data reported that bisphosphonate 
therapy concomitant with VEGF-targeted therapy may 
improve survival in patients with bone metastatic RCC; 
however, it may be associated with an increased risk of 
jaw osteonecrosis.[22] Cabozantinib, a TKI that acts 
against VEGFR2, AXL, and MET, reduces the serum total 
alkaline phosphatase and C-terminal telopeptide of type 
I collagen levels by ≥50% in BMD[24]. mTOR is an anti-
apoptotic target acting downstream of M-CSF, RANKL, 
and tumor necrosis factor-α, which is essential for the 
differentiation, survival, and activity of osteoclasts. Im-
pairment of the PI3K/AKT/mTOR pathway is involved 
in carcinogenic osteoclast genesis. Treatment using ZA 
concomitant with mTOR inhibition show additive effects 
on antiresorptive and anti-tumor function.[23]

Melanoma often metastasizes to bone and is 
treated using the same local treatment procedures 
and BRIs. Retrospective real-world data of 66 patients 
with metastatic malign melanoma (9% of patients had 
metastatic disease limited to the bone) treated using 
concomitant ICI mAbs and denosumab showed a better 
response rate (ORR of 41%) in favor of the combination 
of ICI and BRI, without an increase in toxicities.[12]

Ongoing clinical trials are addressing the combina-
tion of ICI and denosumab in stage IV NSCLC with 
bone metastases-DENIVOS study- (NCT03669523); 
clear cell metastatic renal cancer-KEYPAD study- 
(NCT03280667), and unresectable or metastatic ma-
lign melanoma-CHARLI study- (NCT03161756).

therapy or ICI mAbs, T-cell effector function and tu-
mor cytotoxic T-lymphocyte infiltration are increased, 
leading to increased anti-tumor activity in lung cancer.
[5,10,11] Retrospective real-world data of 241 patients 
with metastatic NSCLC (31% of patients with metastatic 
disease limited to the bone) treated using ICI mAbs, 
and denosumab showed better survival and a better re-
sponse rate (objective response rate [ORR] of 33% and 
disease control rate of 58%) in favor of the combination 
of ICI and BRI, without an increase in toxicities.[12]

Targeted therapies have improved the skeletal out-
comes of patients with osteotropic cancers by modulat-
ing the bone microenvironment and immune response; 
however, their effects on bone remodeling differ de-
pending on the molecules, duration, and doses used.
[10,12] Endothelial growth factor receptor (EGFR) 
mutated patients with NSCLC have earlier onset and 
a higher rate of bone metastases.[6,13] A retrospective 
study[6] of NSCLC reported fewer SREs with gefitinib/
erlotinib EGFR tyrosine kinase inhibitor (TKI) (the in-
cidence rate of 4.4% per cycle) compared to cytotoxic 
chemotherapy (7.3% per cycle; p=0.004).

There is also preclinical evidence of bisphospho-
nates that has intrinsic antitumoral effect by inducing 
apoptosis and inhibiting cell growth in NCSLC cell 
lines, and also increases the effectiveness of chemother-
apeutics such as paclitaxel, etoposide, cisplatin, and 
gemcitabine.[14]

Other Solid Tumors

Thyroid cancers (from 13% to 60% incidence of bone 
metastases), renal cell cancers (30% incidence), blad-
der cancer (40% incidence), and melanoma (15-45% 
incidence) are other solid tumors in which BMD are 
most frequently observed.[1,15,16] Systemic anti-tu-
mor treatment for BMD is selected due to the patho-
logical type of the tumor. Local palliative treatments 
(stereotactic body radiation therapy, radiofrequency, 
and cement injection) and BRIs reduced the SRE and 
bone pain.[1,4,15-18]

Thyroid differentiated follicular cancer presents 
more frequently with BMD than papillary subtype. 
Curative radioactive iodine therapy (RAI) is recom-
mended for RAI avid bone lesions with a 55% efficacy 
rate.[17] Treatment cycles should be repeated until the 
clinical benefit is observed or on reaching high cu-
mulative doses. Thyroid-stimulating hormone (TSH)-
suppressive hormonal therapy with thyroxine must be 
given life-long due to the growth factor effect of TSH on 
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