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ABSTRACT

Bone metastasis is an important cause of morbidity and mortality. 
In today's oncology practice, zoledronic acid (ZA) and Stereotactic 
Body Radiotherapy (SBRT) have been widely used in the treatment 
of bone metastases and in the treatment of bone pain reduction. 
Whether this combined therapy is additive or synergistic is not yet 
known. There are not enough studies on this subject yet. To better 
understand the effects of ZA and SBRT combination therapy, pro-
spective studies including more patients are needed.

Keywords: Bone metastasis, SBRT, zoledronic acid 

ÖZ

Kemik metastazı önemli bir morbidite ve mortalite nedenidir. Gü-
nümüz onkoloji pratiğinde zoledronik asit ve stereotaktik vücut 
radyoterapisi (SBRT), kemik metastazlarının tedavisi ve kemik ağrı-
larının azaltılması tedavisinde yaygın olarak kullanılmaya başlanıl-
mıştır. Bu kombine tedavinin aditif veya sinerjistik etki yapıp yap-
madığı henüz bilinmemektedir. Bu konuda henüz yeterli çalışma 
bulunmamaktadır. Zoledronik asit ve SBRT kombinasyon tedavisi-
nin etkilerinin daha iyi anlaşılabilmesi için prospektif ve daha çok 
sayıda hastayı içeren çalışmalara ihtiyaç vardır.
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INTRODUCTION

Bone metastasis is an important cause of morbidity and 
mortality. Treatment requires a multidisciplinary ap-
proach. Radiotherapy (RT) and bisphosphonates are im-
portant treatment options in reducing complications re-
lated to bone metastasis. Bisphosphonates are synthetic 
analogues of pyrophosphates, which facilitate the chela-
tion of calcium ions, and act by inhibiting the mevalonate 
cycle of osteoclasts (1-3). In a meta-analysis of the efficacy 
of bisphosphonates in bone metastasis, it has been shown 
that bisphosphonates are associated with a 15% reduction 
in skeletal-related events compared with placebo, prolon-
gation in the time to first bone-related event, and in pain 
and an increase in quality of life (1). In addition, the risk 

of developing bone metastases during bisphosphonate 
treatment has been reported to be less (2).

Zoledronic Acid (ZA), the third generation and contain-
ing nitrogen, is the most effective preparation among 
bisphosphonates. ZA has effects on osteoclast activity as 
well as cytotoxic, apoptotic, immunomodulatory and an-
tiangiogenic effects. ZA provides a transient decrease in 
circulating VEGF and bFGF levels, thereby inhibiting anti-
angiogenic activity and inhibition of bone invasion of tu-
mor cells. It provides direct antitumor action by inhibiting 
the prenylation of Ras and Ras-related proteins. It also in-
duces apoptosis by performing S-phase cell cycle arrest. 
ZA is widely used in hypercalcemia, multiple myeloma, 
bone metastases of tumors such as prostate, breast, and 
lung cancers associated with malignancy, and bone me-
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tabolism such as osteoporosis, osteopenia, Paget’s disease, 
and osteogenesis imperfecta (2-5). 

Direct and indirect antitumor effects of ZA supported by pre-
clinical studies are shown. Some in vitro studies have demon-
strated antiproliferative and cytostatic effects in myeloma, 
breast cancer, and prostate cancer cell lines (6,7). An AZURE 
(Adjuvant Zoledronic Acid to Reduce Recurrence) study 
showed a significant increase in a pathological complete re-
sponse by addition of zoledronic acid to neoadjuvant chemo-
therapy in patients with locally advanced breast cancer (8). It 
has been reported that the number of skeletal related events 
decreases with the addition of bisphosphonates to standard 
treatment in patients with bone metastasis hormone refracto-
ry prostate cancer as in breast cancer patients (9). In all these 
preclinical and clinical studies, it seems likely that ZA will find 
its place as an effective agent not only in the treatment of 
complications, but also in the treatment of prostate, breast, 
and other cancers.

After ZA showed an additive and synergistic effect in the 
combination of chemotherapy, combination therapy with RT 
started to be investigated. Some clinical and preclinical studies 
have shown that ZA does not only reduce the risk of bone frac-
ture and stimulate osteoclastic remodeling, but also increases 
immune response and radio sensitivity (3,4,10,11). However, 
there are limited numbers of clinical studies on this subject. In 
a phase 1 study planned by Pichon et al., they evaluated the 
tolerability and efficacy of a Stereotactic Body Radiotherapy 
(SBRT) and Zoledronate combination in non-compressive ver-
tebral metastases. They applied the SBRT 3 x 9 Gy and zoledro-
nate once a month for a year. Three patients had acute mucosal 
side effects. None of the patients had late neurological toxicity. 
They achieved control of the local disease in 94% of patients 
followed for an average of 19.2 months. As a result, the combi-
nation of Zoledronate and SBRT in the treatment of vertebral 
metastasis was well tolerated and reported that it reduced 
the rate of vertebral collapse, effectively reduced pain, and 
provided good local tumor control without late neurological 
side effects (10). Lu et al. examined the combination of radiof-
requency ablation, 125I-seed, zoledronic acid or radiotherapy 
in patients with spinal metastasis percutaneous vertebroplasty. 
They emphasized that RT was the most effective way to relieve 
pain (11).

As a result, in today’s oncology practice, zoledronic acid and 
SBRT have been widely used in the treatment of bone me-
tastases and in the treatment of bone pain reduction. Wheth-
er this combined therapy is additive or synergistic is not yet 
known. There are not enough studies on this subject yet. To 
better understand the effects of ZA and SBRT combination 
therapy, prospective studies including more patients are 
needed.

Ethics Committee Approval: Ethics committee approval is not re-
quired because of no material or experimental animal that would re-
quire permission.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - Y.B.C.; Data Collection and/or Pro-
cessing - Y.B.C.; Analysis and/or Interpretation - Y.B.C.; Literature Search 
- Y.B.C.; Writing - Y.B.C.; Critical Reviews - Y.B.C.

Conflict of Interest: The author has no conflict of interest to declare.

Financial Disclosure: The author declared that this study has received 
no financial support.

Etik Komite Onayı: Bu calışmada, etik komite iznine gerek duyulacak 
bir materyal ya da deney hayvanı kullanılmamıştır.

Hakem Değerlendirmesi: Dış bağımsız.

Yazar Katkıları: Fikir - Y.B.C.; Veri Toplanması ve/veya İşlemesi - Y.B.C.; 
Analiz ve/veya Yorum - Y.B.C.; Literatür Taraması - Y.B.C.; Yazan - Y.B.C.; 
Eleştirel İnceleme - Y.B.C.

Çıkar Çatışması: Yazar çıkar çatışması bildirmemiştir.

Finansal Destek: Yazar bu çalışmada finansal destek almadığını beyan 
etmiştir.

REFERENCES

1. Wong MH, Stockler MR, Pavlakis N. Bisphosphonates and other 
bone agents for breast cancer. Cochrane Database Syst Rev 2012; 
2:CD003474. [CrossRef ]

2. O'Carrigan B, Wong MH, Willson ML, Stockler MR, Pavlakis N, 
Goodwin A. Bisphosphonates and other bone agents for breast 
cancer. Cochrane Database Syst Rev 2017; 30: CD003474. [CrossRef]

3. Sarhan D, Leijonhufvud C, Murray S, Witt K, Seitz C, Wallerius M, 
et al. Zoledronic acid inhibits NFAT and IL-2 signaling pathways 
in regulatory T cells and diminishes their suppressive function in 
patients with metastatic cancer. Oncoimmunology 2017; 14; 6(8): 
e1338238. [CrossRef ]

4. Sato K, Kimura S, Segawa H, Yokota A, Matsumoto S, Kurado J, et 
al. Cytotoxic effects of gammadelta T cells expanded ex vivo by a 
third generation bisphosphonate for cancer immunotherapy. Int J 
Cancer 2005; 116(1): 94-9. [CrossRef ]

5. Ferretti G, Fabi A, Carlini P, Papaldo P, Cordiali Fei P, Di Cosimo S, et 
al. Zoledronic-acid-induced circulating level modifications of an-
giogenic factors, metalloproteinases andproinflammatory cyto-
kines in metastatic breast cancer patients. Oncology 2005; 69(1): 
35-43. [CrossRef ]

6. Dumon JC, Journe F, Kheddoumi N, Lagneaux L, Body JJ. Cytostat-
ic and apoptotic effects of bisphosphonates on prostate cancer 
cells. Eur Urol 2004; 45: 521-8. [CrossRef ]

7. Chuah C, Barnes DJ, Kwok M, Corcin A, Deininger MWN, Druker 
BJ, et al. Zoledronate inhibits proliferation and induces apoptosis 
of imatinib resistant chronic myeloid leukaemia cells. Leukemia 
2005; 19(11): 1896-904. [CrossRef ]

8. Winter MC, Thorpe HC, Burkinshaw R, Beevers SJ, Coleman RE. The 
addition of zoledronic acid to neoadjuvant chemotherapy may 
influence pathological response exploratory evidence for direct anti-
tumour activity in breast cancer. Cancer Res 2009; 69. [CrossRef]

https://doi.org/10.1002/14651858.CD003474.pub3
https://doi.org/10.1002/14651858.CD003474.pub4
https://doi.org/10.1080/2162402X.2017.1338238
https://doi.org/10.1002/ijc.20987
https://doi.org/10.1159/000087286
https://doi.org/10.1016/j.eururo.2003.12.012
https://doi.org/10.1038/sj.leu.2403949
https://doi.org/10.1158/0008-5472.SABCS-5101


Experimed 2020; 10(2): 94-6
Benderli Cihan,

Are SBRT and Zoledronic Acid Combination Additive or Synergistic in Bone Metastasis?

86

9. Saad F, Gleason DM, Murray R, Tchekmedyian S, Venner P, La-
combe L. Longterm efficiacy of zoledronic acid fort he preven-
tion of skeletal complications in patients with metastatic hor-
mone refractory prostate cancer. J Natl Cancer Inst 2004; 96: 
879-82. [CrossRef ]

10. Du C, Wang Y, Li H, Huang Y, Jiang O, You Y, et al. Zoledronic acid 
augments the radiosensitivity of cancer cells through perturbing 
S- and M-phase cyclins and p21CIP1 expression. Oncol Lett 2017; 
14(4): 4237-42. [CrossRef ]

11. Pichon B, Campion L, Delpon G, Thillays F, Carrie C, Cellier P, et 
al. High-Dose Hypofractionated Radiation Therapy for Noncom-
pressive Vertebral Metastases in Combination With Zoledronate: 
A Phase 1 Study. Int J Radiat Oncol Biol Phys 2016; 96(4): 840-7. 
[CrossRef ]

12. Lu CW, Shao J, Wu YG, Wang C, Wu JH, Lv RX, et al. Which Combina-
tion Treatment Is Better for Spinal Metastasis, Percutaneous Ver-
tebroplasty With Radiofrequency Ablation, 125I Seed, Zoledronic 
Acid, or Radiotherapy? Am J Ther 2019; 26(1): e38-e44. [CrossRef ]

https://doi.org/10.1093/jnci/djh141
https://doi.org/10.3892/ol.2017.6710
https://doi.org/10.1016/j.ijrobp.2016.07.027
https://doi.org/10.1097/MJT.0000000000000449

