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Abstract  

Introduction: Metastatic bone disease, the condition where tumor cells spread from their origin tissue to bone, is common 

for breast and prostate cancer. Two main hypotheses, referred to as Paget’s “seed and soil” theory and Ewing’s anatomical 

theory, describe the homing of cancer cells to the bone. When breast cancer becomes metastatic and the tumor spreads to the 

bone, skeletal-related events can occur. Many patients use bone-modifying agents such as bisphosphonates (BPs) to manage 

skeletal deterioration. Given the longstanding history of BPs, this review aims to evaluate the efficacy and side effects of oral 

versus intravenous BPs as adjuvant treatment options for patients with metastatic breast cancer. 

Methods: Relevant literature was sourced through a search of the PubMed and Google Scholar databases, using established 

inclusion criteria for screening papers published between 1889 and the present. 

Results: Currently, there are three generations of BPs. Literature on the different generations reports that studies mainly use 

first-generation BPs for Paget’s disease and there is no significant effect of first-generation BPs on breast cancer survival 

rate. Second-generation BPs showed effectiveness in prolonging the progression of bone metastasis and decreasing distant 

recurrences to the bone in breast cancer patients. In attempts to improve the health outcomes of BPs, researchers examined 

third-generation BPs and found that they decreased skeletal-related events and pain levels. 

Discussion: Comparing oral to intravenous administration of BPs, both had overall similar effects in reducing skeletal 

complications; however, the side effects resulting from BP use vary depending on the route of administration. Patients 

administered intravenous BPs exhibit an acute phase response and renal complications, while oral BPs cause disruptions in 

the gastrointestinal tract. Cost-effectiveness varied by study depending on assumptions made in the analytic models.  

Conclusion: This novel review investigates the development of each generation of BPs to compare the implications of oral 

and intravenous administration. By accounting for differences across the three generations, healthcare providers can make 

informed decisions about BPs and create treatment plans tailored to the individual patient. Future research may explore how 

preexisting risk factors contribute to the occurrence of adverse effects of BP use.  
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Introduction 

Breast cancer is the most prevalent form of cancer, 

with the National Institutes of Health predicting 300,590 

new breast cancer cases in 2023 [1]. Late-stage breast 

cancer is often metastatic, with metastasis to the lung and 

liver being very common [2]. However, bone is the primary 

site for tumor migration, with 75% of breast cancer 

metastasis spreading to the bone [3, 4]. 

To further understand the patterns and mechanisms of 

breast cancer metastasis, theories such as Paget’s 1889 

“seed and soil” hypothesis and Ewing’s anatomical 

hypothesis provide valuable insight into the complex 

processes of tumor migration. The “seed and soil” theory 

posits that specific organs are predisposed to tumor 

development upon exposure to certain tumor cells due to 

the favorable microenvironment. According to Paget, the 

target of metastasis is not dictated by chance but rather 

arises preferentially due to specific traits of the organ to 

which the seed migrates [5]. Ewing’s hypothesis posits that 

metastasis occurs when components on the surface of 

primary tumor cells attach to the lymphatic system and 

travel in a chain until the cells reach a secondary location 

for tumor growth. When an event causes the chain to break, 

the establishment of a secondary tumor growth occurs [6]. 

Ewing argues Paget’s hypothesis on the discussion of 

secondary growth locations, suggesting that the exact site is 

not predetermined but rather depends on the anatomical 

lymphatic routes available [6]. Regardless, both methods 

address the process of cancer migration from the primary 

tumor to a distant site. 
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Metastasis to the bone is a common problem for breast 

cancer patients. Once the tumor spreads to the bone, it can 

cause skeletal-related events, which consist of skeletal 

complications such as bone pain, fractures, and 

hypercalcemia (SREs) [7]. Alongside chemotherapy and 

endocrine therapy, patients use bone-modifying agents 

(BMAs) such as bisphosphonates (BPs) and the monoclonal 

antibody denosumab to manage the symptoms of SREs [7]. 

Breast tumor subtypes, categorized based on gene 

expression patterns and the origin of the breast tumor cell, 

influence the extent of SRE symptoms and determine the 

treatment options [8]. There is a strong correlation between 

SREs in patients with breast cancer linked to bone 

metastasis and an increased risk of mortality [9]. As such, it 

is necessary to further investigate the various types of 

BMAs used as treatments for bone metastasis to better 

understand how we can reduce mortality in patients with 

SREs. 

BPs can be administered either orally or intravenously, 

depending on the drug. When considering the efficacy of 

different routes of administration, factoring in both cost and 

outcome is important to evaluate the impact and feasibility 

of the implementation of a drug on the healthcare system. 

In this review, we seek to investigate the development of 

BPs in terms of both efficacy and patient experience to 

elucidate how their method of administration impacts 

disease progression. 

 

Methods 

A search for relevant articles was conducted through 

PubMed and Google Scholar, using the following key 

terms: “bisphosphonates,” “bone metastasis,” “breast 

cancer,” “intravenous,” “oral.” A total of 87 references 

were evaluated in this review. Additional sources were 

found by consulting the references of relevant articles. The 

abstracts of the results were screened to include only 

articles written in English, and filtered according to the 

following selection criteria: 

• Articles were published from 1889 to the present day. 

• Articles were published in a scholarly journal. 

 

Results 

Patients with bone metastatic breast cancer commonly 

use BPs to minimize SREs. BPs act as osteoclast inhibitors, 

reducing resorption by binding to hydroxyapatite crystals 

found in bone [10, 11]. Bone metastasis or lesions cause 

increases in bone turnover, resulting in the enhanced 

localization of BPs to these bone regions [12]. Many factors 

can affect the binding of BPs on hydroxyapatite of bone, 

including BP structure, method of delivery, absorption into 

bone, and drug retention [22, 23, 24, 25, 26]. The drug can 

influence the bone microenvironment in different ways 

depending on whether the BP contains nitrogen. The body 

metabolizes non-nitrogen-containing BPs into adenosine 

triphosphate analogs, which induce osteoclast apoptosis 

[13, 14]. Nitrogen-containing BPs, or aminobisphos-

phonates, reduce osteoclast function by disrupting the 

production of two critical biomolecules in osteoclasts, 

farnesyl pyrophosphate and geranylgeraniol pyrophosphate 

[16, 17]. Consequently, nitrogen-containing BPs affect 

signaling proteins that interfere with osteoclast attachment 

to bone, the organization of the osteoclast cytoskeleton, and 

osteoclast survival [15, 16, 17, 18]. Other effects of BPs on 

bone metastasis involve their anti-tumor effects and 

decreasing osteoblast and osteocyte apoptosis [19, 20, 21]. 

 

First-Generation Bisphosphonates 

The first generation of BPs include etidronate, 

clodronate, and tiludronate, and they are all non-nitrogen-

containing BPs. 

 

Etidronate 

Etidronate, the earliest clinically available BP, was 

initially established as an effective treatment for bone 

conditions such as Paget’s disease and osteoporosis [27]. A 

1999 study investigating etidronate as a palliative measure 

for bone metastasis found a 58% response rate in pain 

reduction for patients experiencing pain due to bone 

metastasis from breast cancer [28]. Another study from 

2002 evaluated the use of etidronate on metastatic bone 

pain and discovered that an oral dose of 400mg/day for two 

weeks significantly reduced bone pain and suppressed bone 

resorption within 2 to 12 weeks after administration [29]. 

However, case studies have suggested potential 

complications such as osteomalacia due to longer exposure 

to etidronate in combination with other treatments [30, 31].  

 

Tiludronate 

Tiludronate is a sulfured BP administered orally. In 

pre-clinical trials on animal models, tiludronate 

demonstrated a dose-dependent ability to inhibit bone 

resorption [32]. It is effective in treating conditions such as 

Paget’s disease. However, further clinical trials are 

necessary to ascertain its effectiveness for contending with 

the effect of SREs as a result of bone metastasis from breast 

cancer [33].  

 

Clodronate 

Clodronate, a non-nitrogen-containing BP, has been 

used orally to treat hypercalcemia and bone pain [34]. In a 

1996 study evaluating clodronate’s effectiveness in 

reducing metastatic bone lesions from breast cancer, 

researchers observed a decrease in the number of skeletal 

metastases developed and a decrease in skeletal 

complications among women with no initial skeletal 

metastases, following oral administration of clodronate 

[34]. This further supports previous research indicating that 

clodronate reduces the number of bone metastases 

experienced by breast cancer patients over the course of 

two years [35]. However, a meta-analysis of oral clodronate 

treatment found no significant difference between the 5-
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year survival rates of groups who received clodronate 

therapy and those who did not [36].  

 

Second-Generation Bisphosphonates 

Alendronate, ibandronate, and pamidronate make up 

the second generation of BPs, and they are all nitrogen-

containing BPs. 

 

Alendronate 

First used as a pharmaceutical drug in 1988, 

alendronate is administered orally [37]. Previous studies 

with postmenopausal osteoporotic women showed that 

patients using alendronate had a decreased risk of breast 

cancer after controlling for differences in sex hormones [38, 

39, 40, 41]. A 2018 study went further to evaluate the risk 

of bone metastasis in breast cancer patients receiving BP 

therapy. The study included postmenopausal women with 

early breast cancer and found a negative correlation 

between the use of oral alendronate and bone metastasis 

progression [42].  

Postmenopausal women with breast cancer commonly 

receive aromatase inhibitors (AIs) as a drug treatment 

option. However, AIs are known to cause damage to bone 

mass [43]. When breast cancer patients who are treated 

with AIs receive alendronate and calcitriol, they show 

diminished bone loss compared to individuals treated with 

AI and a placebo, indicating alendronate’s role as an 

effective adjuvant treatment option [44]. 

 

Ibandronate 

Clinical studies show that ibandronate is less toxic to 

the renal system when compared to other BPs, making it a 

safer option when a BP treatment requires higher doses [45, 

46, 47, 48]. Patients with stage I-III breast cancer 

administered 50 mg daily of oral ibandronate for three years 

have an 87.4% disease-free survival (DFS) rate after a 5-

year follow-up [23]. Among all cancer recurrences that 

developed among this group of patients treated with 

ibandronate, 39.2% showed a distant recurrence at the bone. 

Further studies investigated the effectiveness of ibandronate 

on cancer recurrence and found that ibandronate cleared 

dormant disseminated tumor cells, which cause recurrence 

in cancer patients [49]. Administration of ibandronate also 

showed a decreased skeletal morbidity rate in patients with 

breast cancer and bone metastasis with 6 mg being most 

effective in decreasing SREs and delaying bone events [45, 

50, 51, 52, 53]. 

 

Pamidronate 

Pamidronate is a second-generation intravenous BP a 

recommended treatment option for breast cancer-associated 

bone metastasis [54]. A randomized controlled trial studied 

the effects of pamidronate in conjunction with 

chemotherapy in bone metastatic patients with breast 

cancer, concluding that time to the progression of bone 

metastasis was greater by 48% in patients who received 

pamidronate in addition to chemotherapy [55]. 

Additionally, other studies showed that stage IV breast 

cancer patients with bone metastasis who received 90 mg of 

pamidronate experienced a significant decrease in the 

skeletal morbidity rate, pain levels, and SREs [56]. 

However, the reported side effects of the drug include 

fatigue, fever, muscle pain, and hypocalcemia [57, 56]. 

 

Third Generation Bisphosphonates 

The third generation of BPs includes risedronate and 

zoledronate, both of which are nitrogen-containing BPs 

[58]. This generation exercises greater inhibition of 

osteoclast activity compared to the second generation, a 

trait attributed to their chemical structure [59]. 

 

Risedronate 

Risedronate, or risedronic acid, is an orally 

administered aminobisphosphonate effective for conditions 

such as Paget’s disease and postmenopausal osteoporosis 

[60]. Risedronate has been shown to slow the development 

and inhibit further progression of bone metastasis while 

also increasing survival duration [61]. In a 1995 study, 

researchers injected mice with a human cancer cell line 

(MDA-231) and then administered either phosphate-

buffered saline or risedronate. Using radiography, they 

found that the administration of risedronate resulted in the 

slowing or inhibition of bone metastases and decreased 

bone loss, overall tumor volume in the bone, and the 

number of osteoclasts compared to the control condition 

[61].  

Risedronate also helps preserve the integrity of the 

bone itself after the development of breast cancer. A 

double-blind 1997 study explored risedronate’s effect on 

bone mineral density (BMD) for human female patients 

with breast cancer and chemotherapy-induced menopause. 

Comparing the experimental group, treated with a dosage of 

30 mg/d, with the placebo group, researchers found that the 

risedronate group had increased BMD values in the lumbar 

and hip regions, while the placebo group had decreased 

values [62].  

 

Zoledronate 

Zoledronate, the most potent BP, is an intravenously 

administered antiresorptive aminobisphosphonate, making 

it a viable option for patients who experience adverse 

effects, such as gastrointestinal issues, or contraindications 

to the oral route of administration [63, 64]. It is one of two 

BPs approved by the American Society of Clinical 

Oncology for the treatment of bone metastases resulting 

from breast cancer in women, the other being pamidronate 

[54]. A study on Japanese women with bone metastases 

resulting from breast cancer found that zoledronic acid 

reduced skeletal complications in comparison to the 

placebo group when administered every 4 weeks over the 

course of a year [65]. Zoledronic acid also reduced bone 

pain from baseline levels, and it was well tolerated by 
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patients [65]. A phase II trial further supported this finding, 

evaluating zoledronate as a second-line therapy after the 

first-line treatment of a less potent BP [66]. This study 

found that there were additional palliative benefits to 

switching to zoledronic acid, including significantly 

reduced pain scores and a reduced number of pain sites 

compared to baseline [66]. Overall, zoledronic acid is 

currently considered the standard of care for treating breast 

cancer-associated bone metastasis [67, 68, 69]. 

 

Discussion 

Efficacy 

Prior research shows that BP use reduces skeletal 

complications in breast cancer-associated bone metastasis 

with minimal differences in efficacy across generations. 

There were many experimental measures for SREs, one of 

which was the pain response rate, where multiple studies 

found an estimate of 41.9%-58% of participants 

experiencing pain reduction from BP treatment with 

variations depending on study guidelines. Additionally, 

when researchers evaluated pain score comparisons across 

intravenous (IV) pamidronate, IV clodronate, and oral 

clodronate administration, there was no significant 

difference in the efficacy of oral compared to IV and 

pamidronate compared to clodronate [70]. However, oral 

BP administration increased the incidence of new skeletal 

fractures [70].  

Given the rise of second and third-generation BPs, 

many studies focus on direct comparisons between these 

two nitrogen-containing drug groups. In one study where 

participants received oral ibandronate or IV zoledronate, 

there was a significant difference in the number of SREs, 

whereby patients receiving zoledronate exhibited fewer 

SREs [71]. Another trial demonstrated that 4 mg of IV 

zoledronate reduced the progression of SREs by 20% 

compared to 90 mg IV pamidronate at 25 months [72]. 

With the decreased infusion time and increased efficacy of 

zoledronate, researchers recommend zoledronate as a viable 

treatment option for patients with metastatic breast cancer.  

The American Society of Clinical Oncology and 

Cancer Care Ontario recommend IV zoledronic acid (4 mg 

every 12 weeks or 3 to 4 weeks) and pamidronate (90 mg 

every 3 to 4 weeks) for patients with metastatic breast 

cancer [73]. Ongoing research is evaluating the use of oral 

BPs as a potential additional treatment option offered 

clinically (see Table 1). 

 

Recurrence 

Following cancer treatment, one area of concern is the 

potential recurrence of breast cancer. Researchers have 

identified factors, such as lymph node enlargement, primary 

tumor size, treatment type, weight, and bone 

microenvironment, as risks for recurrence [74]. Comparing 

the effects of BP treatments across generations, specifically 

oral clodronate from the first-generation BPs, oral 

ibandronate from the second-generation BPs, and IV 

zoledronic acid from the third-generation BPs, a clinical 

study investigated the DFS percentage of each drug. 

Overall, the study reported an 87-88% DFS rate for all 

drugs tested, and there was no significant difference in DFS 

rates across BP generation. Recurrence to the bone had the 

highest percentage compared to recurrence in other distant 

areas such as the liver, lungs, and central nervous system, 

but clodronate, ibandronate, and zoledronic acid did not 

show significant differences in recurrence to bone [23]. It 

was further discovered that reduced bone and breast cancer 

recurrence was found only in low-estrogen environments 

during post-menopause [75]. Thus, additional studies are 

necessary to elucidate specific interactions between the 

bone microenvironment, reproductive hormones, bone 

formation, and tumor growth. 

 

Adverse Effects 

Though BPs have been approved for conditions such as 

Paget’s disease, osteoporosis, and bone metastasis, usage of 

BPs has also been associated with adverse effects 

depending on the route of administration. The most 

common BPs administered intravenously are pamidronate, 

zoledronic acid, and ibandronate [76, 72]. These BPs are 

associated with acute systemic inflammatory reactions 

(such as fever, nausea, and myalgia) following IV 

administration [76]. Due to their significant levels of 

nephrotoxicity, both pamidronate and zoledronic acid are 

associated with renal failure [76]. Patterns such as toxic 

acute tubular necrosis have occurred in some patients who 

use zoledronic acid [77, 78]. Other case studies found that 

some patients treated with pamidronate developed 

nephrotic syndrome, which results in a poor prognosis if it 

develops alongside impaired renal function [79]. However, 

the likelihood of severe renal failure from BP use is low if 

the BP is administered with the correct dosing regimen 

[80].  

Although oral BPs are not a common clinical treatment 

for bone metastasis, they have been clinically approved for 

Paget’s disease and osteoporosis, including postmenopausal 

osteoporosis. The most commonly researched oral BPs 

include clodronate, alendronate, ibandronate, and 

risedronate. Studies report that oral BPs for bone metastasis 

increase the risk of complications due to their low 

bioavailability. Symptoms of oral BPs include 

gastrointestinal lesions and esophagus inflammation, with 

severity levels determined by dosage [81, 82]. 

Gastrointestinal symptoms are specific to oral BPs because 

many have recommendations to take the drug on an empty 

stomach. Following gastrointestinal irritation, symptoms 

such as vomiting, diarrhea, and heartburn may result from 

BP use. 
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Table 1. Clinical Trials on the Efficacy of Bisphosphonates. 

Reference Interventions 

Route of 

Administration 

Treatment 

Duration Subject Background Subjects Analyzed Efficacy  

Outcome 

Measures 

Han et al. 

1999 [28] 

(186)Re-etidronate 

(35-80 mCi) 

IV 1 dose; 24 hour 

hospitalization 

Patients with breast 

cancer and metastatic 

bone lesions 

24 58% response rate Pain 

assessment 

Iwamoto et 

al. 2002 [29] 

Etidronate (400 

mg/d); 

Control 

Oral 2 weeks 10 patients with 

cancer-associated 

bone metastasis; 20 

with primary cancer 

with no skeletal-

related events 

10 intervention/20 

placebo 

Significant reduction in 

face scale score 2 weeks 

after treatment in 

intervention group 

(p<0.001); face scale score 

at 12 weeks significantly 

higher than at 2 weeks 

(p<0.05) but reduced 

compared to start of 

treatment (p<0.01) 

Pain 

assessment 

using a facial 

expression 

scale 

Reginster et 

al. 1994 [33] 

Tiludronate (400 

mg/d) 

Oral 6 months Patients with Paget's 

disease 

128 58.3 ± 2.3% reduction in 

SAP activity 

Pain 

assessment, 

Serum alkaline 

phosphatase 

(SAP) activity 

Kanis et al. 

1996 [34] 

Clodronate (1600 

mg/d); Placebo 

(daily) 

Oral 3 years Women with 

recurrent breast 

cancer but no skeletal 

metastases 

133 (66 

intervention/67 

placebo) 

32 skeletal metastases in 

intervention group vs. 63 

skeletal metastases in 

placebo group (p<0.005); 

26% reduction in skeletal 

complications 

Incidence of 

skeletal 

metastasis 

Diel et al. 

1998 [35] 

Clodronate (1600 

mg/d); Control 

Oral 2 years Patients with primary 

breast cancer and 

bone marrow 

secondary tumors 

302 (157 

intervention/145 

control) 

21 patients with distant 

metastases in intervention 

group vs. 42 patients with 

distant metastases in 

control group (p<0.001) 

Incidence of 

metastasis 

Hue et al. 

2014 [41] - 

FIT  

Alendronate 

Sodium (5 mg/d 

for 2 years, 10 

mg/d after); 

Placebo 

Oral mean follow-up 

of 3.8 years 

Postmenopausal 

women  

6194 1.8% (n=57) incidence of 

breast cancer in 

alendronate group vs. 1.5% 

(n=46) incidence of breast 

cancer in placebo group 

Incidence of 

breast cancer 
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Reference Interventions 

Route of 

Administration 

Treatment 

Duration Subject Background Subjects Analyzed Efficacy  

Outcome 

Measures 

Rhee et al. 

2013 [44] 

Alendronate (5 

mg/d); Placebo 

Oral 24 weeks Korean 

postmenopausal 

women with early 

breast cancer 

98 (49 

intervention/49 

placebo) 

-0.5 ± 0.6% change in 

lumbar BMD for 

intervention group during 

treatment vs. -3.5 ± 0.6% 

change for placebo group 

(p<0.05) 

Lumbar BMD 

Body et al. 

2003 [45] 

Ibandronate (2 mg 

for 154 patients, 6 

mg for 154 patients 

every 3-4 weeks); 

Placebo 

IV 60-96 weeks, 

maximum of 24 

total treatments 

per participant 

Women with breast 

cancer and bone 

metastases 

466 (308 

intervention/158 

placebo) 

20% reduction in SMPR 

with 6 mg ibandronate 

(1.19 vs. 1.48 periods with 

events per patient 

year; p=0.004); 11% non-

significant reduction in 

SMPR with 2 mg 

ibandronate (1.31 vs. 

1.48; p=0.152) 

SMPR 

Mancini et 

al. 2004 [48] 

Ibandronate (4 

mg/d for 4 days, 2-

hour infusion) 

IV 4 days (patients 

remained 

hospitalized for a 

range of 4-25 

days) 

Patients with bone 

metastases and 

opioid-resistant bone 

pain  

18 Treatment significantly 

improved bone pain within 

7 days (p<0.001) 

Bone pain 

assessment 

Hoffmann et 

al. 2011 [49] 

Ibandronate (50 

mg/d) 

Oral 6 months Previously diagnosed 

breast cancer patients 

with disseminated 

tumor cells (DTCs) 

2-10 years after first 

diagnosis 

18 3 out of 17 patients were 

still DTC-positive 

following 6 months of 

treatment. After 12 months 

of treatment, those patients 

no longer had DTCs 

DTC detection 

Body et al. 

2004 [51] 

Ibandronate (50 

mg/d); Placebo 

Oral up to 96 weeks Women with breast 

cancer and bone 

metastases 

564 (287 

intervention/277 

placebo) 

Mean SMPR of 

intervention was 0.95 vs 

1.18 for placebo group 

(p=0.004) 

SMPR 

Diel et al. 

2004 [52] 

Ibandronate (2 

mg/every 3-4 

weeks); 

Ibandronate (6 

mg/every 3-4 

weeks); Placebo 

IV 60-96 weeks Patients with breast 

cancer and bone 

metastases 

466 (158 

placebo/154 2 mg 

ibandronate/ 154 6 

mg ibandronate) 

Bone pain scores increased 

in mean scores from 

baseline to final 

assessment in the 2 mg 

ibandronate (0.21 ± 0.09) 

and the placebo (0.19 ± 

0.11) groups. The 6 mg 

Bone pain 

score 
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Reference Interventions 

Route of 

Administration 

Treatment 

Duration Subject Background Subjects Analyzed Efficacy  

Outcome 

Measures 

ibandronate group 

experienced a decrease in 

bone pain score from 

baseline to final 

assessment (mean change 

of -0.28 ± 1.11), which is 

statistically significant 

compared to the placebo 

group (p<0.001) 

Tripathy et 

al. 2004 [53] 

Ibandronate (20 

mg/d); Ibandronate 

(50 mg/d); Placebo 

Oral 96 weeks Women with breast 

cancer and bone 

metastases 

435 (143 

placebo/144 

ibandronate 20 

mg/148 

ibandronate 50 mg) 

Mean SMPR of placebo 

was 1.20 compared to 

ibandronate 20 mg (0.97) 

and ibandroante 50 mg 

(0.98) (p=0.044) 

SMPR 

Conte et al. 

1996 [55] 

Chemotherapy and 

pamidronate (45 

mg in 250 mL 

saline for 1 hr/3 

weeks); 

Chemotherapy 

only 

IV until evidence of 

disease 

progression in 

bone 

Patients with 

metastatic breast 

cancer to the bone 

receiving 

chemotherapy 

295 (143 

chemotherapy and 

pamidronate/152 

chemotherapy 

only) 

48% increase in median 

time to disease progression 

in bone (249 days in 

intervention group vs. 168 

days in chemotherapy only 

group, p=0.02) 

Time to 

disease 

progression in 

bone 

Lipton et al. 

2000 [56] 

Pamidronate (90 

mg every 3-4 

weeks for 24 

cycles); Placebo 

IV up to 24 months Women with stage IV 

breast carcinoma and 

bone metastases 

215 (115 

intervention/100 

placebo) 

2.5±5.6 mean skeletal 

morbidity rate (skeletal 

complications) per year for 

the pamidronate group vs. 

4.0 ±6.1 in the placebo 

group (p<0.001).  

Skeletal 

morbidity rate 

Delmas et 

al. 1997 [62] 

Risedronate (30 

mg/d); Placebo 

Oral 8 cycles (2 

weeks with drug, 

10 weeks 

without drug) 

White female patients 

36-55 years old with 

breast cancer and 

chemotherapy-

induced menopause. 

36 patients took 

tamoxifen (20mg/d). 

53 (27 

intervention/26 

placebo) 

Mean difference in BMD 

was 2.5% ± 1.2% at 

lumbar spine (p=0.041) 

and 2.6% ± 1.1% at the 

neck of the femur 

(p=0.029) with 

intervention group 

exhibiting increased BMD 

BMD of 

lumbar spine 

and proximal 

femur 
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Reference Interventions 

Route of 

Administration 

Treatment 

Duration Subject Background Subjects Analyzed Efficacy  

Outcome 

Measures 

Hue et al. 

2014 [41] - 

HORIZON-

PFT 

Zoledronic acid (5 

mg/year); 

Placebo 

IV 3 years Postmenopausal 

women  

7580 Higher incidence of breast 

cancer in the zoledronic 

acid group (0.9%, n=33) 

vs. placebo group (0.8%, 

n=29) 

Incidence of 

breast cancer 

Himelstein 

et al. 2017 

[64] 

Zoledronic acid 

(dosage calculated 

based on creatinine 

clearance for 

patients' body 

weight, every 12 or 

every 4 weeks for 

2 years, 15+ 

minute infusion 

time) 

IV 2 years  Patients with bone 

metastasis and breast 

cancer/prostate 

cancer/multiple 

myeloma 

1822 (911 

zoledronic acid 

every 4 weeks/911 

zoledronic acid 

every 12 weeks) 

The every 4-week dosing 

regimen was noninferior to 

the every 12-week dosing 

regimen (p<0.001) in terms 

of SRE occurrence under 

the assumption that 

dropouts had at least 1 

SRE 

SRE 

occurrence 

Kohno et al. 

2005 [65] 

Zoledronic acid (4 

mg/4 weeks); 

Placebo  

IV 1 year Female patients with 

bone metastases 

228 (114 

intervention/114 

placebo) 

39% reduction in SRE rate 

ratio by intervention 

compared to placebo 

(p=0.027) 

SRE rate ratio 

Clemons et 

al. 2006 [66] 

Zoledronic acid 

(4mg/month for 3 

months, 15 minute 

infusion time) 

IV 3 months Breast cancer patients 

with bone metastases 

and an SRE or 

progression of bone 

metastases. Patients 

had received first-line 

treatment with 

bisphosphonates 

before start of trial 

31 41.9% of patients 

experienced significant 

reduction in pain scores 

(both average pain and 

worst pain) by week 8 

(p<0.001) 

Pain scores  

Black et al. 

2007 [69] 

Zoledronic acid (5 

mg/single dose); 

Placebo 

IV Single doses at 

start of study, 12 

months, and 24 

months 

Postmenopausal 

women 65-89 years 

old with specific 

evidence of skeletal 

complications 

7736 (3875 

intervention/3861 

placebo) 

70% reduction in 

morphometric vertebral 

fracture in intervention 

group (92 in intervention 

group vs. 310 in placebo 

group, p<0.001); 41% 

reduction in hip fracture in 

intervention group (n=52 

in intervention group vs. 

Incidence of 

fractures 
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Reference Interventions 

Route of 

Administration 

Treatment 

Duration Subject Background Subjects Analyzed Efficacy  

Outcome 

Measures 

n=88 in placebo group, 

p=0.002) 

von Au A et 

al. 2016 [70] 

Pamidronate (60 

mg/3 weeks); 

Clodronate (900 

mg/3 weeks, IV);  

Clodronate (2,400 

mg/d oral) 

IV pamidronate, 

Oral clodronate, 

IV clodronate 

24 months Female breast cancer 

patients with bone 

metastases 

321 (109 

pamidronate/105 

IV clodronate/107 

oral clodronate) 

No significant difference 

between pain development 

of the three groups based 

on baseline and final 

examinations.  

Pain 

development  

Barrett-Lee 

et al. 2014 

[71] 

Zoledronic acid (4 

mg/4 weeks, 15+ 

min infusion 

time);  

Ibandronic acid (50 

mg/d); Placebo 

IV zoledronic 

acid, Oral 

ibandronic acid 

96 weeks Breast cancer patients 

with bone metastases  

 
41% of patients in the 

zoledronic acid group had 

SREs of any kind, while 

42% of the ibandronic acid 

group had SREs 

SRE 

occurrence 

Rouach et 

al. 2018 [42] 

BP Intervention 

group (90% 

alendronate, 10% 

risedronate); 

Control (62% 

calcium and 

vitamin 

supplements, 38% 

unknown non-BP) 

Oral 1-5 years Osteoporotic women 297 (145 BP 

intervention/152 

control) 

0.7% (n=1) incidence of 

bone metastasis in 

intervention group vs. 

9.9% (n=8) incidence of 

bone metastasis in control 

Incidence of 

bone 

metastasis 

Gralow et al. 

2020 [23] 

Zoledronic acid (4 

mg reduced to 3 

mg over time, 

monthly for 6 

months, then every 

3 months after); 

Clodronate 

(1600 mg/d); 

Ibandronate 

(50 mg/d) 

IV zoledronic 

acid, Oral 

clodronate, Oral 

ibandronate 

3 years Female patients with 

breast cancer 

5400 (2000 

zoledronic 

acid/2000 

clodronate/1400 

ibandronate) 

5-year DFS was 88.3% for 

zoledronic acid, 87.6% for 

clodronate, 87.4% for 

ibandronate with no 

significant difference 

across groups (p=0.49) 

DFS 
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Sharing the BP classification, both IV and oral BPs 

have similar side effects involving areas of bone 

remodeling. Central to BP activity is altering osteoclast cell 

function, so prevalent symptoms of BP use are 

osteonecrosis of the jaw (ONJ) and hypocalcemia. ONJ 

from IV medication occurs more frequently than in oral 

delivery of the medication [83, 84]. One study found that 

among 9,482 participants receiving zoledronic acid for 

cancer treatment, 40 (0.42%) developed osteonecrosis [85]. 

Among 8,572 female participants administered oral 

alendronate, risedronate, or ibandronate, 25% reported 

developing dental complications with 0.10% diagnosed 

with ONJ and many others experiencing symptoms similar 

to ONJ [86]. Studies addressing the safety of BP use also 

found an increased rate of hypocalcemia in patients treated 

with BP administered orally or intravenously with no 

significant difference in incidence between the two 

treatment groups [71]. 

 

Cost Effectiveness 

When comparing treatment options within the BP 

family, considering cost-effectiveness is crucial. Studies 

show that adding BPs to the treatment regimen improves 

quality of life and reduces later expenses by decreasing the 

likelihood of SREs [87]. The pharmacoeconomic 

implications of each drug vary based on factors such as 

dosage, spacing of hospital visits, and route of 

administration. In a 2008 study, researchers created a cost-

effectiveness analysis using Germany and United Kingdom 

(UK) health data to compare oral clodronate, oral 

ibandronate, IV zoledronate, and IV pamidronate as 

adjuvant treatments, alongside chemotherapy, for metastatic 

breast cancer [88]. Considering the frequency of hospital 

visits, drug acquisition costs, cost of transportation, the 

likelihood of adverse events based on BP, and improvement 

of quality of life, researchers found that in both countries, 

oral clodronate had the lowest cost per patient, followed by 

oral ibandronate. Both IV pamidronate and IV zoledronate 

incurred the highest costs (88). This finding is supported by 

results from De Cock et al., whose study excluded 

clodronate and found oral ibandronate to be the most cost-

effective, followed by pamidronate and zoledronic acid 

[89].  

Another study found conflicting results on the cost-

effectiveness of variance BPs for breast cancer metastasis 

to bone using data from the UK’s National Health Services. 

The study compared various IV and oral BPs over 10 years 

[87]. IV zoledronic acid was identified as the most cost-

effective BP, considering cost per quality-adjusted life 

expectancy gained and net monetary benefit. However, all 

BPs were found to be cost-effective compared to no therapy 

[87]. Differences in results between studies may be due to 

variations in the assumptions regarding factors such as 

median survival, efficacy of BP, and economic cost related 

to adverse events. 

 

Conclusions 

This literature review presents an overview of the three 

generations of BPs in clinical use and evaluates the 

implications of the drug properties and routes of 

administration on outcomes for patients with breast cancer-

associated bone metastasis. There are a variety of factors to 

take into consideration when comparing IV and oral BPs, 

including efficacy, recurrence, adverse effects, and cost-

effectiveness. It is essential to address these factors to 

determine the most suitable treatment for the patient. To 

continue to expand research on BP use among breast cancer 

patients, future research should aim to explore the impact of 

age and disease-associated hormonal changes in the bone 

microenvironment on clinical outcomes of BP treatment 

and how compounding comorbidities may exacerbate the 

adverse effects of BPs. Nevertheless, the use of BPs for the 

treatment of SREs continues to be a crucial component in 

improving the quality of life for patients with breast cancer-

associated bone metastasis. 
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