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ABSTRACT
Introduction: Bisphosphonates have been reported to limit tumor formation, in addition to inhibition
of bone resorption. We evaluated the effect of intravenous zoledronic acid (ZA) and oral/intravenous
ibandronic acid (1A) on progression-free survival (PFS), overall survival (OS), and skeletal-related
events (SRE) in breast cancer patients with bone metastases.
Materials and methods: The retrospective study included patients with metastatic breast cancer who
received ZA or IA treatments for at least three months between 2013 and 2018. Menopausal status,
presence of visceral metastases, history of skeletal-related events (fracture, radiotherapy, and operation),
de novo bone metastasis, and anticancer treatments were recorded. PFS and OS were calculated for each
patient.
Results: There were 44 patients in the ZA group as opposed to 22 patients in the 1A oral group and 11
patients in the intravenous 1A group. Median PFS was 15 months in the ZA group and 25 months in the
IA group (p=0.134). Median OS was 81 months in the IA group and 153 months in the ZA group
(p=0.088). No significant difference was found between the groups with regard to history of fracture,
radiotherapy, and operation (p=0.606, p=0.295 and p=0.747, respectively). The two-year survival rate
was 71.5% in the ZA group and 78.3% in the 1A group.
Discussion: ZA and IA have similar efficacy in terms of SRE development, PFS and OS. In the selection
of treatment for the treatment of bone metastases in metastatic breast cancer, besides evaluating drug
efficacy/side effects, treatment compliance and cost should also be considered.

Keywords: Bone metastasis, ibandronic acid, metastatic breast cancer, overall survival, progression-
free survival, zoledronic acid

OZET
Giris: Bisfosfonatlarin kemik rezorbsiyonu inhibisyonu yani sira, timor olusumunu sinirlama etkileri
bildirilmektedir. Calismamizda tek merkezde Zoledronik asid (ZA) intravendz ve Ibandronik asid (IA)
oral/intravendz kullanan hastalardaki progresyonsuz sagkalim (PS), genel sagkalim (GS) ve iskelet
iliskili olaylarm (110) degerlendirilmesi amaglandi.
Gerec ve yontemler: 2013-2018 yillari arasinda, en az 3 ay ZA ya da IA tedavileri alan metastatik
meme kanserli hastalar retrospektif olarak incelendi. Menopoz durumu, visseral metastaz varligi, IO
Oykiisii (kirik, radyoterapi, operasyon), tani aninda kemik metastaz varligi, kullanilan antikanser
tedaviler degerlendirildi. PS ve GS siireleri hesaplandi.
Bulgular: ZA grubunda 44 hasta var iken, IA oral 22 ve intravendz grubunda 11 hasta vardi. Her iki
gruba ait hasta 6zellikleri birbirine denkti. Calismamizda PS, ZA grubundal$5 ay, IA grubunda 25 ay idi
(p=0.134). GS, ZA grubunda 81 ay, IA 153 ay idi (p=0.088). iiO’lar agisindan gruplar
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degerlendirildiginde; kirik, radyoterapi ve operasyon agisindan sirasiyla iki grup arasinda fark
bulunamadi (sirastyla p=0.606, p=0.295, p=0.247). 2 yillik sagkalim oran1 ise ZA grubunda %71.5 iken,

IA grubunda %78.3 olarak izlendi.

Tartisma: ZA ve IA, 11O gelisimi, PS ve GS agisindan benzer etkinlige sahiptir. Metastatik meme
kanserinde kemik metastazlariin tedavisine yonelik tedavi se¢iminde ilag¢ etkinligi/yan etkilerinin
degerlendirilmesinin yani sira tedaviye uyum ve maliyet de goz oniinde bulundurulmalidir.

Anahtar kelimeler: Zoledronik asid, ibandronik asid, genel sagkalim, progresyonsuz sagkalim,

metastatik meme kanseri, kemik metastazi

Introduction

Bone is the most common site of metastasis in
many solid tumors, particularly in breast.
Bone metastasis, its localization, and tumor
burden can lead to skeletal-related events
(SREs) that cause serious clinical conditions
such as fracture, hypercalcemia, spinal cord
compression, and pain [1, 2].

Treatment of breast cancer with bone
metastasis shows diversity. Moreover, in
patients with a life expectancy of more than
three months, the guidelines recommend the
use of bisphosphonates in addition to systemic
treatment in order to reduce SREs and pain [3,
4].

Zoledronic acid (ZA) and oral/intravenous
ibandronic acid (IA) are highly active
nitrogen-containing  bisphosphonates that
increase bone mineralization by inhibiting
bone resorption and osteoclast activity. They
are also known to inhibit many steps of
metastasis such as angiogenesis, invasion,
adhesion, and proliferation [5-8]. Skeletal
metastasis was developed in 22% of early
stage breast cancers and 75% of stage 1V
breast cancers [9-11]. Additionally, bisphos-
phonates have been found to be effective in
reducing cancer-related bone loss and SREs in
breast cancers with bone metastases [12].

We evaluated the effect of ZA and IA on
progression-free  survival (PFS), overall
survival (OS), and skeletal-related events
(SRE) in breast cancer patients with bone
metastases.
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Materials and Methods

The Institutional Review Board waived the
need for informed consent given the
retrospective nature of the research. The study
was conducted in accordance with the
principles laid out by the 18th World Medical
Assembly (Helsinki, 1964) and all its
subsequent amendments (up to 2013) and with
the International Society for Pharmaco-
epidemiology guidelines for Good Pharmaco-
epidemiology Practice and local regulations,
including local data protection regulations.
The study protocol was approved by the
Ethics Committee of reference center.

The study included patients with metastatic
breast cancer who applied to Medical
Oncology outpatient clinic between 2013 and
2018.

Inclusion criteria were as follows:
1-) Aged over 18 years,

2-) A history of ZA and IA therapies lasting
more than three months.

Exclusion criteria were as follows:

1-)Presence of brain metastasis at the
beginning of the bisphosphonate therapy,

2-) Presence of a second malignancy,
3-) Absence of a measurable metastasis,
4-) Male gender,

5-) Ongoing steroid or immunosuppressive
therapy.
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Age, bisphosphonate type, menopausal status,
presence of visceral metastases, history of
radiotherapy or fracture surgery, presence of
metastasis at the time of diagnosis, breast
cancer histology, anticancer treatments
(hormone therapy/chemotherapy), type of
bone metastasis (lytic, sclerotic, lytic+
sclerotic), progression date, date of last
follow-up, and date of death were recorded for
each patient. PFS was calculated as the time
of diagnosis to first progression. OS was
calculated as the time of diagnosis to death or
last follow-up.

Serum creatinine, total calcium, phosphorus
and alkaline phosphatase (ALP) levels were
measured both Dbefore and after the
bisphosphonate treatment using a Beckman
Coulter AU5800 autoanalyzer (Beckman
Coulter Inc. CA, USA).

Statistical analysis

Data were analyzed using SPSS for Windows
version 23.0 (Armonk, NY: IBM Corp.).
Categorical variables were compared using
Chi-square test and Fisher’s Exact test.
Normal distribution of continuous variables
was assessed using Kolmogorov-Smirnov
test. Group means were compared using
Wilcoxon signed-rank test. The survival
probability was calculated using the Kaplan-
Meier method and the factors independently
affecting survival time were determined using
univariate Cox regression analysis. A p value
of <0.05 was considered significant.

Results

Of the 73 patients, 40 (54.8%) were using ZA,
22 (30.1%) were using IA tablets, and 11
(15%) were using IA intravenously (iv). Table
1 presents the demographic and clinical
characteristics of the patients. Mean age was
56.0£9.2 years in the ZA group and 54.0+8.9
years in the 1A group. Most patients in both
groups consisted of non-menopausal patients
with hormone receptor (HR)-positive/HER2-
negative breast cancer histology. Visceral
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metastasis was detected in 29 (72.5%) patients
in the ZA group and in 21 (63.6%) patients in
the 1A group. Lytic bone metastases was
found in 12.5% (5/40) of the ZA group and
21.2% (7/33) in the 1A group. No difference
was found between the two groups with regard
to the types of bone metastasis (p=0.518).

The median follow-up period and the median
duration of drug use was 66.5 (39.8-107.8)
months, 28 (11-43) months in the ZA group
and respectively 83 (46-124) months, 34
(21.5-51) months in the IA group. No
significant difference was found between the
two groups with regard to follow-up period
and duration of drug use (p=0.197 and
p=0.159, respectively).

Table 2 presents the prevalence of SREs in
both groups. No significant difference was
found between the two groups with regard to
the prevalence of fractures, radioteraphy and
bone surgery requirement (p=0.606, p=0.295,
p=0.247).

In the ZA group, pre-treatment ALP level was
103U/L and post-treatment ALP level
increased to 130U/L (p=0.033). In the IA
group, pre-treatment ALP level was 85U/L
and post-treatment ALP level increased to
93U/L (p=0.072). In the ZA group, creatinine
level was 0.62mg/dL before the treatment and
increased to 0.74mg/dL after the treatment
(p=0.003), while in the 1A group creatinine
level was 0.6mg/dL prior to the treatment and
increased to 0.67mg/dL after the treatment
(p=0.284).

A total of 43 patients died during the 5-year
follow-up period and the mortality rate was
67.5% (27/40) in the ZA group and 48.5%
(16/33) in the 1A group. Mean PFS and mean
OS was 15 months (95% Confidence Interval
[CI]: 11.28-18.71) and 81 months (95%
Cl=56-106) in ZA users. Respectively 25
months (95% Cl=18.23-31.76) and 153
months (95% CI1=52.7-253.3) in IA users. No
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Table 1. Demographic and clinical characteristics
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ZA n=40 IA n=33 p*

Mean 56.0+9.2 54.0+8.9
Age < 55 years 18 (45.0%) 19 (57.6%) 0.404

> 55 years 22 (55.0%) 14 (42.4%)
Menopause No 32 (80.0%) 24 (72.7%) 0650

Yes 8 (20.0%) 9 (27.3%) '

HR (+) HER-2 (1) 31 (77.5%) 24 (72.7%)

. HR (+) HER-2(+) 5 (12.5%) 4 (12.1%)

Histology HR () HER-2 () 2(5.0%)

HR (-) HER-2 (+) 2 (5.0%) 5 (15.2%)

. . Yes 29 (72.5%) 21 (63.6%)

Solid metastasis NO 11 (27.5%) 12 (36.4%) 0.577
Metastasis atthe Yes 12 (30.0%) 13 (39.3%) 0553
time of diagnosis No 28 (70.0%) 20 (60.6%) ]

Sclerotic 16 (40.0%) 10 (30.3%)
Bone metastasis  Lytic 5 (12.5%) 7 (21.2%) 0.518

Mixed 19 (47.5%) 16 (48.5%)

<3 cycles of o o

chemotherapy 19 (47.5%) 20 (66.6%)
Systemic 23 cycles of o oy
treatment chemotherapy 17 (42.5%) 13 (39.4%)

No o

chemotherapy 4 (10.0%)

Tamoxifen 5 (12.5%) 6 (18.8%)

Aromatase 18 (45.0%) 13 (40.6%)

Inhibitor
Hormonal therapy Combinaton . .

0, 0,
(Tmx+Al) 14 (35.0%) 9 (28.1%)
No 3 (7.5%) 4 (12.5%)
. Yes 27 (67.5%) 16 (48.5%)

Mortality No 13 (32.5%) 17 (51.5%) 0.160

*Chi-Square Test

ZA: Zoledronic acid, IA: Ibandronic acid, HR: Hormone receptor, Tmx: Tamoxifen, Al; aromatase inhibitors, HER-2; human

epidermal growth factor-2

Table 2. Prevalence of SREs in both groups

ZA IA p
n=40 n=33
e 12 T
adonerapy e el UL o
Surgical history Lis 355%;:1827.?5)) 58((&;32)) 0.747*

*Chi-Square Test, **Fisher Exact Test
ZA: Zoledronic acid, 1A: Ibandronic acid
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Figure 1. Relationship between ZA and IA use and progression-free survival (PFS)
and Overall Survival (OS) time

Table 3. Analysis of independent factors affecting survival

ZA 1A
HR 95% ClI p HR 95% CI p
Lower Upper Lower Upper

Age (years) 0.960 0.920 0.999 0.044 1.019 0.957 1.085 0.552
Menopausal status 0.682 0.284 1.640 0.393 1.065 0.333 3.410 0.916
Solid metastasis 2.954 1.101 7.927 0.031 2.468 0.695 8.765 0.162
Chemotherapy cycles

23 vs. <3 2.525 1.023 6.234 0.045 0.996 0.350 2.831 0.994
Metastasis at the time

of diagnosis 1.983 0.818 4.806 0.130 4.647 1.527 14.139 0.007
Fracture 1.484 0.686 3.211 0.316 0.484 0.134 1.749 0.268
Radiotherapy 1.785 0.710 4.490 0.218 1.244  0.349 4.433 0.736
Surgical history 0.563 0.168 1.879 0.350 0.206 0.026 1.629 0.134

HR: hazard ratio, ZA: Zoledronic acid, IA: Ibandronic acid
* Cox regression analysis

significant difference was found between PFS
and OS in groups (p=0.134, p=0.088, Figure
1). The two-year survival rate was 71.5% in
ZA users and 78.3% in IA users. In the
univariate Cox regression analysis, age, solid
metastasis and the number of chemotherapy
cycles were found to be statistically
significant for ZA group and metastasis at the
time of diagnosis for 1A group (p=0.044,
p=0.031, p=0.045 and p=0.007, Table 3). In
the multivariate Cox regression analysis, in
which the parameters found to be statistically
significant for ZA were included in the model,
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the number of chemotherapy cycles was found
to be statistically significant (HR:2.63; CI:
1.05-6.64 & p=0.040).

Discussion

Cost, physician, and patient characteristics
(e.g. patient preference, mode of trans-
portation to hospital) play a role in drug
selection. The ZICE study compared ZA and
IA and reported that oral 1A was inferior to ZA
in terms of SREs [13]. However, initial SRE
development was found to be similar in both
groups and IA was associated with a
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significantly reduced risk of nephrotoxicity
and with insignificantly fewer events of
osteonecrosis of the jaw [14]. In our study, no
significant difference was found between the
two groups with regard to SRE development
(Table 2).

Bisphosphonates have the potential to limit
tumorigenesis. ZA has been reported to cause
rapid and sustainable reduction in circulating
tumor cells (CTC) in breast cancer patients.
Patients with low CTC levels have been
shown to have better PFS [15-18].
Accordingly, the role of bisphosphonates has
been evaluated in both metastatic and locally
advanced patients and in adjuvant breast
cancer patients [19]. Although the addition of
bisphosphonates to the standard therapy in
metastatic breast cancer reduces the risk of
SRE development by 15% and has been
associated with delayed SRE development
and reduced bone pain, it has been found to
have no benefit on OS and PFS [20-22].
Survival in patients with breast cancer can be
affected by many factors including histo-
logical classification, genetic characteristics,
tumor volume, metastasis localization, and
patient-related comorbidities. It has also been
reported that the median OS after the
development of bone metastasis varies 40-79
months depending on the presence of isolated
or multiple metastases [10, 23]. In our study,
advanced age, increased chemotherapy cycles
count and solid metastases in the ZA group
and presence of metastases at diagnosis in the
IA group adversely affected survival. OS was
found longer in IA users compared to ZA
users, though no significant difference was
found (153 vs. 81 months, p=0.088). More-
over, unlike in the ZICE study, both iv and
oral forms of 1A were used in our patients. The
efficacy of iv and oral ibandronate on
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osteoporosis was evaluated and found that
both forms had similar effects [24]. This
finding suggests that there will be no
significant difference between iv and oral 1A
with regard to SRE, PFS, and OS.

Studies have shown that ZA increasing the
normalization of osteolytic markers and this
normalization was associated with better
survival in patients with bone metastases
[25,26]. In our study, serum ALP level
increased significantly in the ZA group after
the treatment (p=0.030). This significant
increase could be related to the shorter
duration of ZA use. On the other hand,
increased ALP concentration is affected by
many factors including liver, gallbladder, and
kidney diseases.

Our study was limited in several ways. First,
it was a single-center retrospective study that
evaluated a homogeneous patient group. Due
to the retrospective nature of the study, the
effect of drugs on pain palliation could not be
evaluated. Second, it had a limited number of
patients. Finally, bone resorption markers
could not be -evaluated and thus a
comprehensive examination of bone turnover
could not be performed.

Conclusion

The survival of breast cancer patients has been
significantly improved. Due to their
antiresorptive  and  antitumor  effects,
bisphosphonates can be used safely both in
adjuvant and metastatic breast cancer patients,
particularly in high-risk postmenopausal
patients. The effectiveness and side effects of
both agents are similar.  Further
comprehensive studies are needed to evaluate
the effect of these two agents on patient
comfort, survival, and cost-effectiveness.

Copyright©Ankara Hematoloji Onkoloji Dernegi



REFERENCES

1. Coleman RE. Clinical features of metastatic
bone disease and risk of skeletal morbidity. Clin Cancer
Res. 2006; 12(20 Pt 2): 6243-6249.

2. von Moos R, Costa L, Gonzalez-Suarez E,
Terpos E, Niepel D, Body JJ. Management of bone
health in solid tumours: From bisphosphonates to a
monoclonal antibody. Cancer Treat Rev. 2019; 76: 57-
67.

3. National Comprehensive Cancer Network.
“NCCN Clinical Practice Guidelines in Oncology (NCCN
Guidelines): Breast Cancer (Version 5.2021). 2021."
(2021).

4, Coleman R, Body JJ, Aapro M, Hadji P,
Herrstedt J; ESMO Guidelines Working Group. Bone
health in cancer patients: ESMO Clinical Practice
Guidelines. Ann Oncol. 2014; 25 Suppl 3: 124-137.

5. Clézardin P. Bisphosphonates' antitumor
activity: an unravelled side of a multifaceted drug class.
Bone. 2011; 48(1): 71-79.

6. D'Oronzo S, Coleman R, Brown J, Silvestris F.
Metastatic bone disease:  Pathogenesis and
therapeutic options: Up-date on bone metastasis
management. J Bone Oncol. 2018; 15: 004-4.

7. Guo RT, Cao R, Liang PH et al
Bisphosphonates target multiple sites in both cis- and
trans-prenyltransferases. Proc Natl Acad Sci USA. 2007,
104(24): 10022-10027.

8. Fromigue O, Lagneaux L, Body JJ.
Bisphosphonates induce breast cancer cell death in
vitro. J Bone Miner Res. 2000; 15(11): 2211-2221.

9. Kuchuk I, Hutton B, Moretto P, Ng T, Addison
CL, Clemons M. Incidence, consequences and
treatment of bone metastases in breast cancer
patients-Experience from a single cancer centre. ) Bone
Oncol. 2013; 2(4): 137-144.

10. Brook N, Brook E, Dharmarajan A, Dass CR,
Chan A. Breast cancer bone metastases: pathogenesis
and therapeutic targets. Int J Biochem Cell Biol. 2018;
96: 63-78.

11. Harries M, Taylor A, Holmberg L et al.
Incidence of bone metastases and survival after a
diagnosis of bone metastases in breast cancer patients.
Cancer Epidemiol. 2014; 38(4): 427-434.

12. Wong MH, Stockler MR, Pavlakis N.
Bisphosphonates and other bone agents for breast

www.actaoncologicaturcica.com

Acta Oncologica Turcica 2023; 56: 66-73

cancer. Cochrane Database Syst Rev. 2012; (2):
CD003474.

13. Barrett-Lee P, Casbard A, Abraham J et al. Oral
ibandronic acid versus intravenous zoledronic acid in
treatment of bone metastases from breast cancer: a
randomised, open label, non-inferiority phase 3 trial.
Lancet Oncol. 2014; 15(1): 114-122.

14, Nelson A, Fenlon D, Morris J et al. A
QUALitative exploration of the experiences of the
participants from the ZICE clinical trial (metastatic
breast cancer) receiving intravenous or oral
bisphosphonates. Trials. 2013; 14(1): 1-3.

15. Cristofanilli M, Hayes DF, Budd GT et al.
Circulating tumor cells: a novel prognostic factor for
newly diagnosed metastatic breast cancer. J Clin Oncol.
2005; 23(7): 1420-1430.

16. Hayes DF, Cristofanilli M, Budd GT et al.
Circulating tumor cells at each follow-up time point
during therapy of metastatic breast cancer patients
predict progression-free and overall survival. Clin
Cancer Res. 2006; 12: 4218-4224.

17. Foroni C, Milan M, Strina C, et al. Pure anti-
tumor effect of zoledronic acid in naive bone-only
metastatic and locally advanced breast cancer: proof
from the "biological window therapy". Breast Cancer
Res Treat. 2014; 144(1): 113-121.

18. Aft R, Naughton M, Trinkaus K et al. Effect of
zoledronic acid on disseminated tumour cells in
women with locally advanced breast cancer: an open
label, randomised, phase 2 trial. Lancet Oncol. 2010;
11(5): 421-428.

19. Aft R. Current perspectives on skeletal health
and cancer progression across the disease continuum
in breast cancer-the role of bisphosphonates.
Ecancermedicalscience. 2012; 6: 265.

20. 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; 10(10): CD003474.

21. Poon M, Zeng L, Zhang L et al. Incidence of
skeletal-related events over time from solid tumour
bone metastases reported in randomised trials using
bone-modifying agents. Clin Oncol (R Coll Radiol).
2013; 25(7): 435-444.

22. Gomez Garcia S, Clemons M, Amir E.
Rethinking end-points for bone-targeted therapy in
advanced cancer. Eur J Cancer. 2016; 63:105-109.

Copyright©Ankara Hematoloji Onkoloji Dernegi



23. Lee SJ, Park S, Ahn HK et al. Implications of
bone-only metastases in breast cancer: favorable
preference with excellent outcomes of hormone
receptor positive breast cancer. Cancer research and
treatment: official journal of Korean Cancer
Association. 2011; 43(2): 89.

24, Nakamura T, Ito M, Hashimoto J et al. MOVEST
Study Group. Clinical efficacy and safety of monthly
oral ibandronate 100 mg versus monthly intravenous
ibandronate 1 mg in Japanese patients with primary

Acta Oncologica Turcica 2023; 56: 66-73

osteoporosis. Osteoporos Int. 2015; 26(11): 2685-
2693.

25. Lipton A, Cook R, Saad F et al. Normalization
of bone markers is associated with improved survival in
patients with bone metastases from solid tumors and
elevated bone resorption receiving zoledronic acid.
Cancer. 2008; 113(1): 193-201.

26. Hirsh V, Major PP, Lipton A et al. Zoledronic
acid and survival in patients with metastatic bone
disease from lung cancer and elevated markers of
osteoclast activity. J Thorac Oncol. 2008; 3(3): 228-236.

Corresponding author e-mail: elakaraman84@hotmail.com

Orcid ID:
Elanur Karaman 0000-0002-4264-8214
Savas Volkan Kisioglu 0000-0002-7742-048X

Doi: 10.5505/a0t.2023.82346

www.actaoncologicaturcica.com

Copyright©Ankara Hematoloji Onkoloji Dernegi



